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Ecosystem Services and Corporate Sustainability: In Theory and Practice

ABSTRACT 1

Ecosystem services are the flows of natural capital from the environment that benefit
economies and societies. They are essential for human health and well-being, and include
provisioning (food and genetic resources); regulating (pollination and climate control); supporting
(water and nutrient cycles); and cultural (heritage and recreation) services. Despite their importance,
ecosystem services have been undervalued in traditional economic approaches, resulting in their

unsustainable use and degradation.

Emerging research is changing this paradigm by quantifying the values of ecosystem service
flows, with the implications becoming especially relevant for corporations. The complex
interdependencies between ecosystems and business are beginning to be more fully understood and
managed, and members of the corporate sustainability community are therefore recognizing the
need to incorporate ecosystem service flows into sustainability assessments and standards. This
Master’s Project contributes to a better understanding of why and how ecosystem services are

increasingly considered in corporate sustainability, both in theory and in practice.

The results of a comprehensive literature review, analysis of ecosystem services tools, and a
survey of over eighty outdoor industry companies suggest that ecosystem services theory is ahead of
corporate sustainability practice. Nonetheless, the findings also support emerging trends and
demand for increased corporate ecosystem valuation. Ecosystem services are therefore likely to be

an increasingly prominent consideration in emerging sustainability assessments and standards.
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I. INTRODUCTION AND BACKGROUND

A. Defining ecosystem services
Ecosystem services are the benefits people derive from the environment and from
biodiversity. They can be thought of as the flow of services provided by natural capital (Daily, 1997,
MEA, 2005; IPIECA, 2011), and are often categorized into four primary categories (MEA, 2005).
These include: 1.) Provisioning services, which include products directly obtained from ecosystems,

such as food and genetic resources; 2.) Regulating services, which are the benefits obtained from the

regulation of ecosystem processes, including control of climate and pollination; 3.) Supporting
services, which are necessary for the production of all other ecosystem services, such as nutrient and

water cycles; and 4.) Cultural services, including spiritual and recreational benefits obtain from

ecosystems, such as knowledgeable systems, social relations, and aesthetic values.

Ecosystem services are derived from underlying biodiversity, comprising habitats, species,
and genes. Given these intricate links between biodiversity and the services we receive from nature,
increased levels of biodiversity (e.g., greater variety of ecosystems, species, and genes) tend to
support a broader range of ecosystem services. Biodiversity also enhances the resilience of
ecosystem services. For these reasons, biodiversity is essential for the provision of ecosystem
services, and given these interdependencies, the two are often referred to in conjunction with one

anothet.

B. Why are ecosystem services important and valuable?
Increasingly, awareness of healthy ecosystems’ critical role in maintaining the environmental
health and economic sustainability of societies is growing (Bakshi and Small, 2011). Many

provisioning services (e.g., fish, crops, livestock, and timber) support local livelihoods; many
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regulating services (e.g., flood and storm control, water flow regulation, climate regulation) maintain

4
public health and security; many cultural services (e.g., recreation, tourism, aesthetic and spiritual
values) provide personal satisfaction and livelihoods. In short, “the ‘free’ services received from the

environment... are just as much a requirement for human societies as fossil fuels.” (Brown and

Ulgiati, 2004; Zhang et al., 2010; Fig. 1)

GLOBAL ~— short-term —
- long-term
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S " SCIENCE AND TECHNOLOGY
FREEDOM OF CHOIGE AND ACTION = CULTURAL AND RELIGIOUS (e.g , beliefs,
consumption choices)
Ecosystem services Direct drivers of change
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(e.g., spiitual, assthetic. recreation, = HARVEST AND RESOURCE CONSUMPTION
and education)
¥ CLIMATE CHANGE
BUPPORIING ; . : = NATURAL, PHYSICAL, AND BIOLOGICAL
(e.g., primary production, and soil formation) D‘R\IVERS (’eAg., evoluﬁo’n, volcanoes)
LIFE ON EARTH - BIODIVERSITY
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Fig. 1. Conceptual framework of interactions between biodiversity, ecosystem services, human well-being,
and drivers of change. Source: Millennium Ecosystem Assessment, “Ecosystens and Human Well-being,” 2005, p.vii.

In 2007, the G8 Environment Ministers launched an international study on the economic
significance of the global loss of biological diversity. The initiative, known as The Economics of
Ecosystems and Biodiversity (TEEB), intended to analyze the global economic benefits of
biodiversity and the costs of policy inaction on biodiversity conservation. Initial results from TEEB,

based on deforestation alone; show that the world loses natural capital worth between $1.9 trillion
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and $4.5 trillion each and every year (TEEB, 2011). For example, as of 2011, the United Nations

5
Environment Programme (UNEP) estimates that one-third of global food production dependson
animal and insect pollination, and this service is worth $200 billion annually (Chouinard et al., 2011).

Because these costs and losses are real, ecosystem degradation is becoming a critical sustainability

issue (WBCSD, 2011).

The remainder of this section will briefly summarize how the economic invisibility of these
values has resulted in global ecosystem service degradation and loss; why this has inspired increased
research into the role of ecosystem services in economies and societies; and how this research is

becoming especially relevant for corporate sustainability (Fig. 2).

This research is
becoming
especially

Led to increased
research on the
role of ecosystem
services in
economies and
societies.

‘Economic
invisibility” of ES

has resulted in
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relevant for
corporate
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Fig. 2. Contextual flow of background information pertinent to this project.

C. The Economic Invisibility of Ecosystem Services and Resultant Global Degradation
Despite the importance of ecosystem service flows into economies and societies, their value

has been largely ignored in traditional economic and development approaches. Although early work
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in the field of ecosystem services revealed that the value of the world’s ‘natural capital’ surpasses that
6
of global gross economic product (Costanza et al., 1998), ecosystem goods and services are still

undervalued in production and underrepresented in environmental, social, and economic

assessments.

Due to this economic invisibility (Chouinard et al., 2011), the global supply of biodiversity
and ecosystem services is in decline. The Millennium Ecosystem Assessment (2005), the most
comprehensive study of natural capital worldwide, has determined that the majority of the world’s
valuable ecosystem services, including air and water purification, erosion regulation, and pollination,
are being degraded or used unsustainably. According to the mega-study, 60% of the world’s
ecosystem services have been degraded over the past fifty years. We are currently losing ecosystem
services on the order of $2-5 trillion each year from deforestation alone, with global environmental
externality costs estimated at nearly $7 trillion per year (TEEB, 2010; WBCSD, 2011). According to
global auditing firm KPMG, if companies had to pay for the full environmental costs of their
activities, they would have lost 41 cents out of every dollar earned in 2010, and these costs are
doubling every 14 years (KPMG, 2012). Essentially, despite the fact that human welfare depends on
the services provided by nature, human activities have imperiled these services to the extent that we

can expect negative economic feedbacks (MEA, 2005; Tallis et al., 2008).

D. Prior Research Efforts to Quantify and Value Ecosystem Services
Research efforts to both understand and protect the vital natural services upon which human
societies depend have therefore been growing in recent decades. Researchers are devoting significant
effort to better characterizing, modeling, valuing, restoring, and protecting ecosystem services
(Bakshi and Small, 2011). This growing body of research is providing a better understanding of how

people interact with, benefit from, and value the environment (IPIECA, 2011). Specifically, these
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recent efforts in ecosystems services research aim to quantify the essential flows of energy and
materials from ecosystems to human systems in order to better understand and manage the link

between the human and environmental condition (Maler et al., 2008).

Quantifying the relationship between these ecosystem services and human societies allows us
to explicitly value the life supporting services we derive from functional ecosystems. These
valuations then inform trade-offs between societal activities and natural conditions to encourage
decisions that enhance human welfare in a sustainable manner (Costanza and Farber, 2002; Farber et
al., 2002; Howarth and Farber, 2002; Tallis et al., 2008; Fisher et al., 2008). Research addresses
ecosystems’ supply of valuable products and materials (including agricultural, forest, mineral, and
pharmaceutical commodities); the support and regulation of environmental conditions (through
processes like pollination, flood control, and water purification); and the provision of cultural and
aesthetic benefits (including ecotourism, heritage, and sense of place) (Daily, 1997; DeFries et al.,

2004; MEA, 2005).

Considering the role of ecosystems in the analysis and design of human-made systems is
essential, and the advancements in ecosystem services quantification and valuation are continually
enabling us to view ecosystems in terms of the services they provide to society, how these services
benefit humanity, and how human actions alter ecosystems and the services they provide. The
research field of ecosystem services is thus beginning to determine the scientific and monetary
values of healthy ecosystems so that the links between human and natural systems may be better
managed. By creating institutional and market incentives for the recognition of ecological integrity as
complimentary to the pursuit of human well-being, the field of ecosystem services is restructuring

our relation to the natural world and the way we develop our economies and societies.
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E. Incorporating Ecosystem Services Research into Corporate Sustainability
Consideration for ecosystem services is becoming especially relevant in corporate
sustainability, where the complex interdependencies between ecosystems and business are beginning
to be more fully understood and managed. The idea that ecosystems might be of financial or
economic value has traditionally been ignored in the ‘hard’ measures that are used to weigh business
opportunities and risks, as well as assess and report on company performance. However, this

paradigm is shifting.

All businesses depend on biodiversity and ecosystem services, directly or indirectly, and most
businesses also impact biodiversity and ecosystem services, positively or negatively. For example,
freshwater is a critical input for every conceivable major industrial process; the pharmaceutical
industry benefits from genetic resources; agribusiness and the food sector depend on pollination and
erosion regulation; tourism increasingly builds on an ecosystem’s cultural services and aesthetic
values; and the list goes on. As the World Business Council for Sustainable Development points out
in the Guide to its Corporate Ecosystem Valuation tool, it is difficult to think of any economic

activity that does not benefit from or impact ecosystems (2011).

Members of the business community are therefore beginning to recognize that the economic
invisibility of natural capital flows has resulted in decisions being made based on partial or
misleading information about the costs and benefits of carrying out business. This has served to
undermine business performance by failing to identify new cost-saving or revenue-generating
opportunities, or to highlight potentially costly liabilities (WBCSD, 2011). The realization that, in the
course of daily operations, all businesses impact and depend on ecosystems and the essential

ecosystem services they provide is growing (WBCSD, 2011; TEEB, 2011; Chouinard, 2011; BSR,
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2011). The concept of ecosystem valuation is therefore an increasingly practical and influential aid to
9
decision-making.
For this reason, the business community is beginning to recognize the need to incorporate
ecosystem services into formal sustainability assessments and standards. The close relationship
between ecosystem services, business risks and opportunities, and corporate profits and losses
suggests that ecosystem values should be important considerations in business planning and

decision-making. Thus, environmentalists and corporate executives alike are beginning to argue that

nature provides economically valuable services that underpin business (Walsh, 2011).

Many large companies have thus begun considering ecosystem services in sustainability
planning and implementation. For example, in 2011, Dow Chemical pledged $10 million over five
years for a team of scientists from the Nature Conservancy to help Dow develop ecosystem service
valuation methods. Dow’s CEO, Andrew Liveries, noted, “Companies that value and integrate
biodiversity and ecosystem services into their strategic plans are best positioned for the future.”
(Chouinard et al., 2011; Walsh, 2011) Similarly, Puma announced in April 2011 that it would begin
issuing an environmental profit and loss statement that will account for the full economic impact of
the brand on its ecosystems. They announced it has nothing to do with a corporate social
responsibility agenda, but is instead ‘hard-nosed economics’ necessary to the sustained performance
of the company (Chouinard et al., 2011). Coca-Cola has also acknowledged the importance of
ecosystem services valuation to business performance and sustainability, investing nearly $30 million

in watershed service programs around the world (Walsh, 2011).

With increasing evidence that overlooking ecosystem services in corporate sustainability

“may result in perverse decisions that encourage reliance on deteriorating ecosystem services,”
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(Zhang et al., 2010a) corporate sustainability assessments are beginning to internally account for
10
ecosystem services valuation. This growing sustainability practice is not only an important aspect of
risk mitigation, but also a new business opportunity to build and strengthen corporate performance.
In this sense, business is beginning to acknowledge that the status and functioning of ecosystems is

not just a biological or ecological concern, but is instead an issue with major implications for

economic growth, human well-being, and business performance (WBCSD, 2011).

F. Goals of this Mastet’s Project

This Master’s Project aims to further understand the growing relevance and application of
ecosystem services research in corporate sustainability practice. Namely, the paper pursues three
specific goals: 1.) Better understand the drivers encouraging corporate sustainability to consider
ecosystem services; 2.) Compile and interpret the tools that are enabling these considerations; and
3.) Delineate the current ‘on-the-ground’ state of these drivers and tools in corporate sustainability.
In other words, the paper outlines why and how ecosystem services are being considered in
corporate sustainability, both in theory and in practice. The following section outlines methods

for obtaining each of these goals.



Ecosystem Services and Corporate Sustainability: In Theory and Practice

II. METHODS
11

A. Theoretical Research

The first section of this Master’s Project aims to gain a better understanding of why and how
ecosystem services are increasingly considered in corporate sustainability in theory. A detailed
literature review of academic, business, and sustainability literature informs this section’s discussion
by identifying a number of drivers encouraging this trend. In order to understand how these new
considerations are being incorporated, this section also includes analyses of the various ecosystem
services tools available today. Included are a comparative analysis of the capabilities and
methodologies of stand-alone ecosystem services valuation tools; a comparative analysis of the
capabilities and methodologies of corporate-ready ecosystem services valuation tools; and a
methodological analysis of emerging approaches to Life Cycle Assessment (LCA) that incorporate

ecosystem services.
B. Practical Research

The second section of this paper then builds upon this theoretical understanding to look at
why and how ecosystem services are being considered in corporate sustainability in practice,
providing ‘on-the-ground’ primary data that reflects the current state of affairs in corporate
sustainability. A survey of outdoor apparel and equipment companies was conducted to determine
their perspectives on ecosystem services considerations in corporate sustainability. The survey was
conducted in conjunction with a larger project between the Duke Center for Sustainability &
Commerce and the Outdoor Industry Association that aimed to determine how industry consortia
can assist member companies implementing new product-level sustainability standards. The sub-

section on ecosystem services conducted and analyzed individually for this project included a mix of
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open-ended, rank-order, and multiple answer questions. All questions were voluntary. The Duke
12

niversity Institutional Review Board approve e survey and its use within this Mastet’s Project as
U ty Institutional R Board approved th y and it thin this Master’s Project

Exempt (See Appendix 1).

I developed my section of the larger survey on Corporate Sustainability & Ecosystem
Services in early Fall of 2011, and reviewed it with a group of corporate sustainability professionals
from the Outdoor Industry Association, Timberland, and Columbia Sportswear. The survey was
distributed online via the Outdoor Industry Association’s email listserv in late November 2011, and
a follow-up email encouraged more participants to respond in mid-December 2011. 125 outdoor
apparel and equipment companies responded to the larger Duke-OIA survey, with 85 respondents

answering one or more questions within my Ecosystem Services section.

I also conducted one-on-one follow-up interviews with five of the survey’s respondents who
volunteered to participate in this research. These interviews further inform my research into the ‘on-
the-ground’ state of ecosystem services consideration in corporate sustainability today. The Duke
Institutional Review Board also approved these interviews and their use within this MP as an
Exempt Amendment to my initial IRB approval (See Appendix 1). The interviews were conducted
over the phone between late January and late February, and lasted between 25 and 30 minutes each.
The five companies are representative of a broad set of demographics within the Outdoor Industry

Association.
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III. CORPORATE SUSTAINABILITY & ECOSYSTEM SERVICES:
IN THEORY 13

A. Drivers

There is an increasingly compelling business case to consider ecosystem services in corporate
sustainability assessments and standards. The business community is beginning to realize that
although natural capital has been largely excluded from traditional calculations that inform decision-
making, the value of ecosystem service flows have very real impacts on business performance
(KPMG-UNEP 2011; KPMG 2012). The following section discusses the emerging drivers for
business to consider ecosystem services in their decision-making processes within two broad

categories: Risks and Opportunities.

1. Risk as a Driver of Ecosystem Services Considerations in Corporate Sustainability

a. Resource Scarcity

One of the key drivers of the increased importance placed on ecosystem services in
corporate sustainability is the realization by businesses that they are entering an era of resource
scarcity (Heuer, 2010). The supply of nature’s wealth (e.g. freshwater, fisheries, timber, genetic
material) is decreasing, due to overexploitation and degradation, while demand from humans is
steadily rising. This is resulting in increasing shortages (IPIECA, 2011). By 2030, the total global
population is expected to transition from 6 billion to 9 billion and the global middle class is
projected to grow from 1 billion to 4 billion (Wilson and Dragusanu, 2008). The coupled expansion
of global population and consumption not only exacerbates the challenge of turning a global
consumer society in a sustainable direction, but also highlights the importance of protecting future
supply chain resources in a more effective manner. Increased demand, fluctuating energy prices, and

in many cases climatic impacts have increased global market prices for many agricultural goods, such
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as grains and vegetable oils (Trostle, 2008). These risks have significant implications to the
14

production and costs of goods and services, as well as company performance, profits, licenses to

operate, and access to new markets.

In addition to sustainable supply challenges, resource scarcity is also causing a shift from a
fossil-based global economy to a bio-based global economy. Resource scarcity, climate change, and
the combination of unprecedented population growth and increased consumption are undermining
the scalability of current fossil-based approaches to economic development and driving the
development of a bio-based global economy. Although driven by the need for a more sustainable
development pattern, the transition towards a bio-based economy does not come without its own
suite of threats. Amongst the most prominent of these is protecting the provision of valuable
ecosystem services and respecting biodiversity (DSM, 2011). Managing such risks involves looking

beyond sites and products to the wider landscape (TEEB, 2011).

Overall, the loss of natural capital, including ecosystems, biodiversity, and natural resources,
poses very real threats to corporate performance and sustainability. Many businesses are beginning
to realize that we likely face a future in which scarcity of ecosystem services will act as a constraint to
economic growth, where perverse subsidies will be overturned, and where policy and regulation
encourages the internalization of environmental costs currently born by society (KPMG-UNEP,
2011). Internalizing these costs would currently cost global business 41 cents on every dollar earned,
with these costs doubling at a rate of 14 years (KPMG, 2012). Companies should expect to pay a
rising proportion of these costs, posing a near-future financial risk. With these very real risks gaining
traction, resource scarcity from continued degradation of ecosystem services is driving increased

ecosystem services considerations in corporate sustainability through a risk mitigation framework.
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b. Brand Recognition

15

Another recent trend that raises the significance of ecosystem services is the risk to brand
recognition resulting from real and sometimes perceived impacts of improper management of
ecosystems by firms’ global supply base. In many instances, the actual supplier, who may be multiple
tiers upstream of the brand, is unknown. A very recent example (June 2011) of this ecosystem-
supply chain risk is the Greenpeace campaign against Mattel, the world’s largest toy maker. Mattel
was targeted for alleged deforestation impacts to Indonesian rainforests resulting from the firm’s
sourcing of paper and packaging (I.A. Times, 2011). While Mattel took the brunt of the impacts to
its brand reputation, the real target of the campaign was their supplier, Asia Pulp and Paper. This
case example demonstrates how public acceptance of biodiversity loss is declining, leading to calls
for low-impact production and compensation for impacts on biodiversity and ecosystems (TEEB,

2011).
c. Stakeholder Accountability

Many stakeholders now recognize the importance of accounting for ecosystems in corporate
sustainability assessments, increasing pressure for considering ecosystem services in sustainability
standards. Communities, NGOs, customers, consumers, shareholders, and executives alike are
becoming increasingly conscientious of the interrelationship between business operations and the

state of ecosystems. These stakeholders are demanding that these issues are addressed, reported, and

accounted for (WBCSD, 2011).

Evidence that ecosystem services are on the internal company and executive agenda is
growing. A 2010 survey by McKinsey Quarterly reported that many leading firms recognize an array of

business threats and opportunities in biodiversity loss and ecosystem degradation. In June 2011, the
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World Business Council for Sustainable Development released its Guide to Corporate Ecosystem

16
Valuation, acknowledging that escalating biodiversity loss and ecosystem degradation are putting
businesses at risk. In August 2010, the UN Financial Initiative surveyed its members to understand
whether practitioners in the financial sector believe that materiality of biodiversity and ecosystem
services is growing. Many financial institutions see biodiversity and ecosystem services emerging as
material issues, particularly in banking, insurance, and certain parts of the investment sector.
According to the survey, biodiversity and ecosystem services present foremost a reputational risk,
followed by regulatory risk, operational risk, credit risk, and legal liability. Systemic risk related to

biodiversity and ecosystem services is also deemed of importance for institutional investors such as

pension funds (UN Finance Initiative, 2010).

Similarly, biodiversity and ecosystem services are becoming increasingly important to
shareholders. A 2011 Ceres Green Investment Report confirmed that shareholders identify similar
risks and opportunities, with stricter environmental standard resolutions filed against large
institutional investors that together manage more than $500 billion in 2010 alone. Ecosystem values
will be increasingly considered by the finance sector and business-to-business customers as they
assess the biodiversity and ecosystem-related risks and opportunities of investments and supply
chains. These concerns are also reflected in the recent growth of investment in biodiversity and
ecosystem markets. The 2011 Ecosystem Marketplace State of Biodiversity Report reported that the
global market for biodiversity offsets continues to grow, clearly indicating the need for and
economic value of sustainable ecological restoration. The true value of biodiversity and ecosystem
services is becoming recognized globally, and both efforts and requirements to assess its value are

increasing (IPIECA, 2011).
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In addition to the private sector, governments are also beginning to act upon the importance
of accounting for ecosystems. National governments are developing regulatory frameworks and Y
programs to address environmental impacts from a systems’ lens rather than from a strictly
mechanistic approach. In July 2011, the United Kingdom underwent its first National Ecosystem
Assessment, concluding that ecosystems contribute over several billion pounds to the UK economy
each year. The French government has passed French government’s Granelle II Law, which requires
the quantification of climate and natural resource impacts of products. The United States has passed
Executive Order 13514 (issued by President Obama on October 5, 2009), which requires federal
agencies to reach certain targets for greenhouse gas reduction, solid waste diversion, paper recycling,
and energy efficiency (Golden et al., 2011). Already in many parts of the world, the regulatory and
legal requirements for companies to minimize and mitigate their ecosystem impacts, and to fully
compensate any damages caused, are becoming more stringent (WBCSD, 2011). Companies are

therefore anticipating that ecosystem valuation will be more consistently incorporated into public

policies, regulations, and political decisions (WBCSD, 2011; TEEB, 2010).

2. Opportunity as a Driver for Ecosystem Services Considerations in Corporate
Sustainability

a. “Smarter” Products

The ability to quantify and thus internally account for environmental goods and services that
were once considered externalities in business practice will pave the way for companies to internalize
costs they have ignored in the past as externalities(Chouinard et al., 2011; Bakshi and Small, 2011) .
Forward-looking corporations will have the information they need to set priorities and make
decisions that reduce and mitigate their impacts. In many ways, this presents a wonderful

opportunity for innovation in many sectors. In contrast to typical environmental assessment
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processes, the incorporation of an ecosystem services approach is more holistic and can capture the
18
dependencies, economic trade-offs, and supply/demand opportunity analysis required to meet

emerging challenges (IPIECA, 2011). In fact, 44% of executives agree sustainability is a source of

innovation, and 39% see it as a source of new business opportunities (KPMG-UNEP, 2011).

This opportunity for enhanced production management also enables companies to more
effectively ensure sustainability in their supply chain. Supply chains rely on well-functioning
ecosystems; managing these better will decrease supply chain disruptions (UN Finance Initiative,
2010). Although many companies recognize the value of understanding ecosystems and biodiversity
impacts and dependence throughout their supply chain, some still view lack of an ability to influence
an issue as a sufficient reason for inaction. This is a paradigm that is rapidly shifting; companies that
are now looking at the impacts of their supply chain as a result of biodiversity and ecosystem
services factors are learning surprising things, exposing new risks or hidden opportunities for better

production management (KPMG-UN, 2011).
b. Emerging Product Sustainability Standards

The last few years have launched an unprecedented effort to improve the sustainability of
products sold and used in the global marketplace, increasing the consideration for ecosystem
services in sustainability assessments. Numerous industry-led initiatives are rapidly moving firms and
their supply chains to transition from firm sustainability to a more quantitative product sustainability
focus (Golden et al., 2011), presenting companies with new competitive sustainability opportunities.
Such initiatives include the development of Walmart’s Sustainability Index, as well as the global
apparel (Sustainable Apparel Coalition) and outdoor industry’s (Outdoor Industry Association)

creation and adoption of the Eco Index. As the parameters of these widespread sustainability
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assessments evolve to incorporate biodiversity and ecosystem services, they will offer global
19

business competitive opportunity for strong biodiversity and ecosystem services management.
c. Participation in Ecosystem Services Markets

The incorporation of ecosystem services into corporate sustainability offers opportunities
for investors and entrepreneurs to invest in new biodiversity and ecosystem markets. Just as the
emergence of climate change on the corporate agenda stimulated carbon markets and new business
models, this too is now underway for biodiversity and ecosystem services (TEEB, 2011).
Environmental markets are increasingly starting to take shape in a growing number of counttries.
The global carbon market grew from virtually nothing in 2004 to over $140 billion in 2009, and the

global biodiversity market is at a minimum size of $2.4-4.0 billion (Madsen et al., 2011).

This has a number of implications for all actors in corporate sustainability. Financial
institutions are beginning to understand that these markets may profit through offering brokerage
services, registries, or specialized funds (UN Finance Initiative, 2010). Individual companies can
utilize the increased use of environmental market-based mechanisms to capture the value of
ecosystem services (e.g., carbon, water, and biodiversity markets) to enhance the magnitude of their
environmental and social management opportunities (IPIECA, 2011). Overall, according to the
World Business Council for Sustainable Development’s Vision 2050 project, sustainability-related
global business opportunities in natural resources may be on the order of $2-6 trillion per annum by

2050.
d. Resilient Corporate Systems

The business community also recognizes an opportunity to construct and sustain more

resilient corporate systems through ecosystem service valuation. In a world of growing sustainability
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challenges, companies that understand and manage the risks of biodiversity loss and ecosystem
20

decline, that employ adaptive operational models, that design resilient systems, and that seize
sustainability-related business opportunities are most likely to thrive (TEEB, 2011). Hardwiring
biodiversity and ecosystem services into the heart of business models and core strategies is vital for
long-term growth and success, enabling corporate managers to more accurately value company

assets (UNEP Finance Initiative, 2010). In this sense, the underlying business cause for undertaking
ecosystem services considerations in corporate sustainability is to enable companies to improve

decision-making and thereby increase revenue, save costs, and boost the value of their assets and

share prices (WBCSCD, 2011; Walsh, 2011).

B. Tools

Expanding research into ecosystem services is yielding innovative approaches to quantifying
the scientific and monetary values of ecosystem services. The development of ecosystem services
tools is rapidly expanding the concept of ecosystem services into practice. A number of initiatives
and organizations are working to ensure ecosystem services valuation methods are employed in
applicable tools, and this section aims to gain a better understanding of the current state and use of
such tools. This section explores stand-alone ecosystem services valuation tools; corporate-ready
ecosystem services valuation tools; and emerging approaches to Life Cycle Assessment (LCA) that

incorporate ecosystem services.
1. Stand-Alone Ecosystem Services Tools

Ecosystem services initiatives have been launched in relation to the International Standards
Organization (ISO 14001), the Global Reporting Initiative, and the Global Compact’s Performance

Model (BSR, 2010). A number of tools are furthering the science and application of ecosystem
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services. Many of these tools focus on evaluating and assessing various ecological parameters by
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using an ecosystem flows approach (BSR, 2010). The current range of tools map the geographic
location and characteristics of ecosystem services and their beneficiaries; assess the state and trends

of ecosystem services; determine economic values for services; and evaluate how services,

beneficiaries, and trends are impacted by different scenarios (TNC, 2010).

Included are tools that can provide maps of multiple ecosystem services and their values
under alternative scenarios of future change (Integrated Valuation of Ecosystem Services and
Tradeoffs, or InVEST); tools that can construct a cause-and-affect picture of how ecological and
economic factors interact (Artificial Intelligence for Ecosystem Services, or ARIES); and tools that
link environmental market credit calculators to enhance landowner participation in ecosystem
services markets (Model Ecosystem Services Credit Calculator, or MEASURES). Table 2 (below)
provides an analysis of each of these stand-alone ecosystem services tools’ capabilities and methods.

The implications of this analysis are discussed after the table.

Table 2. Ecosystem services tools furthering the science and application of ecosystem services approaches

Tool Brief Overview Creators

e A web-based, artificial-intelligence-enabled, decision-
support system for assessment and valuation of
ecosystem services that “studies” all of the data
relevant to ecosystem services assessment questions

ARIES in a given area and constructs a cause-and-effect
picture of how ecological and economic factors -University of
(Attificial Intelligence for interact. Users can explore e.ffects of policy changes and Vermont, Gund
Ecosystem Services) external pressures (such as climate change) through a IﬂSUtUt? for
scenario analysis module. Incorporates a valuation Ecological
module to assess potential and realized economic values, | Economics
http://www.ariesonline.o as well as a biodiversity module to estimate values of
rg/ protected areas for human well-being and threats to - Consetvation
protected species. International

e  Result of an ARIES user session is a dynamic
environmental asset analysis that spatially quantifies the
provision, use, and dynamics of flow of ecosystem :
services in the area as well as citations for all operations, | lnstitute
datasets, and models used.

- Earth
Economics
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InVEST (Integrated InVEST is a tool to model and map the delivery, The_Natural
Valuation of Ecosystem distribution, and economic value of life-support Capital Project:
Services and Tradeoffs) systems (ecosystem services) well into the future, Stapford
www.naturalcapitalproject available through ARC GIS. University,
ore/InVEST html It helps users visualize the impacts of potential decisions, WWE, The
identifying tradeoffs and compatibilities among Nature
environmental, economic, and social benefits Conservancy
(INC)
A tool to quantify and value ecosystem services by
EcoAIM (Ecological evaluating chemical, biological, and physical Exponent
Asset Information characteristics of a specific site, with free / publicly
Management) available data and ‘ground truthing’ only when required.
Provides relative ranking of land within a watershed or
regional landscape, with spatially explicit outputs and
Www.exponent.com scenario building capabilities
Developed for use in the United States with U.S. data
A multi-resource debit / credit tool for estimating
) the type and number of ecosystem credits available
EcoMetrix on a given site, including multiple types of credits— | Parametrix
including, but not limited to, wetland habitat or carbon
sequestration—in order to consider all of the critical
www.parametrix.com/ca ecological functions on a given site
nat/ ecosvstems ecome EcoMetrix is ultimately a mechanism to measure changes
trix.html and reward landowners for benefits that result from their
conservation efforts and expenditures
Developed for use in the United States
A modular model that links credit calculators—
currently for carbon, water, and biodiversity—in order
MEASURES (Model to enhance landowner patrticipation in emetging -Vitginia
Ecosystem Services ecosystem service markets, enable smart landscape | Department of
Credit Calculator) planning, and create incentives for corporate Forestry
environmental stewardship as commercial and
residential needs grow.
. Emerged in relation to the Virginia governor’s interest in -Virginia Tech
www.rrregion.org/pdf/va increasing land in an easement program.
pdc/env_cmte/ECOSYS Model still in development, though only available for the
TEM.SERVICES.VADO U.S. state of Virginia
F.1.30.09.pdf
A regional visualization and monitoring system for USAID, NASA,
SERVIR Mesoamerica and Africa that integrates satellite and | IAGT,
, other geospatial data for improved scientific knowledge | University of
Www.servir.net Colorado,

and decision-making.

CATHALAC
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Wildlife Habitat
Benefits Estimation
Toolkit

www.defenders.org/progr
ams and policy/science

and economics/conserva
tion economics/valuatio

n/benefits toolkit.php

Easy-to-use, spreadsheet-based valuation models,
tables, and databases directed at land-use and
wildlife planners and others interested in estimating
the economic benefits associated with wildlife and
habitat conservation in specific regions.

Includes models that generate estimates of: (1) annual
values for ecosystem services provided by terrestrial and
aquatic habitat or wetlands; (2) open-space property value
premiums; (3) net economic benefits per activity day for
participation in wildlife-associated recreation activities
(fishing, hunting, wildlife watching); (4) visitation
numbers for wildlife-associated recreation for an existing
wildlife refuge or state game management area, or
changes in visitation from the expansion/reduction of
the acreage on such lands, as well as statewide visitation
numbers for other conservation acreage that provides for
wildlife-associated recreation activities

Available free online, but only for the United States

Colorado State
University,
Department of
Agticultural and
Resource
Economics,
Defenders of
Wildlife

USGS Ecosystem
Portfolio Model (EPM)

http://geography.wr.usgs.
gov/science/sFloridaPM.
html
http://lcat.usgs.gov/sflor
ida/sflorida.html

The ecosystem portfolio model (EPM) is a Geographic
Information System based decision support tool that
integrates natural science and economic information
to support land use planning, land acquisition
strategies, and regulatory decisions.

The EPM evaluates land use plans and proposed land use
/ land cover changes in terms of performance criteria
related to three dimensions of value: 1.) modeled
ecological criteria related to ecosystem services
("ecological value™) 2.) predicted land market prices and
the associated probability of land use / land cover
conversion and 3.) community quality-of-life indicators.
Each of these dimensions is implemented as a sub-
model of the EPM that generates "Value Maps' for a
given land use pattern and given user-elicited preferences.

USGS

Natural Assets

Information System
(NAIS)

http://sig-gis.com/pg-
services-eco.php

Informational PDF:
http://208.179.82.233 /W
EB/Resources/SIG_ESV
_NAIS_20090527.pdf

Developed to estimate ecosystem service values
using value transfer methods and geospatial science.
Value estimates are based on literature review of
valuation studies on ecosystem services associated with
the ecological resource types (e.g., forests, wetlands, etc.)
present at the policy site. Value estimates are then
transferred from the original study site to the policy site
based on the similarity of ecological resources at the
policy site.

Although this value transfer is a "second best" approach
for gathering information about the value of ecosystem
services for a given site, it is less costly and more feasible
than a primary valuation at each policy site.

Spatial
Informatics
Group
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e SIMILE is a system dynamics and object-based modeling

SIMILE and simulation software for complex dynamic systems in 24

the earth, environmental, and life sciences.

http://simulistics.com/in | o Uses logic-based declarative modeling technology to _ _

dex-htm represent the interactions in environmental systems ina | Simulistics
structured, visually intuitive way.

e  Operates as a visual modeling environment, allowing the
user to draw the elements of his/her model and the
relationships between them.

e Once the user has described the system within the tool,
SIMILE can simulate its behavior over a period of time
and display results as graphs, tables, or animations.

e EPA researchers are creating a National Atlas of EPA, USDA,

Ecosystem Services to allow users to interact with a web- | USDI, USGS,

based, easy to use mapping application to view and Natural
National Atlas of analyze multiple ecosystem services. Resources
Sust?\inable Ecosystem | ¢  The overall goal of the Atlas is to employ and develop COH?“" ation
Setvices science to map indicators of ecosystem services Service,
http://www.epa.gov/ecol production, demand, and drivers for the U.S. Ecosystem | National
ogy/quick- services will be categorized within the Atlas. Geographic
finder/national-atlas.htm Society,

e The tool provides users with a visual method for

interpreting ecosystem services and understanding how lgl'atuéesﬂerv < ¢
they can be conserved and enhanced for sustainable use. ity Lollege o
New York

The development and use of these stand-alone ecosystem services valuation tools have a

number of implications.

e Tirst, they demonstrate that ecosystem services research is capable of quantifying and
valuing an array of ecosystem services; the research is such that users can successfully
link spatial data with economic valuation techniques to account for ecosystem services.

e Moreover, these tools also enable users to participate in and grow environmental
markets (for example, MEASURES is a tool explicitly designed for this purpose). In this
sense, stand-alone ecosystem services tools are not only furthering our understanding of
ecosystem service flows but also encouraging further growth of and incentives for

environmental markets.
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Perhaps the largest take-away lesson from these stand-alone ecosystem services
quantification tools, however, is that none are particularly easy to use. Many of these
tools remain very academic, requiring a certain degree of GIS and landscape ecology literacy.
For companies with limited internal capacity and resources to devote to sustainability, these
tools are not particularly easy to adopt.

In this sense, although these stand-alone tools are advancing our ability to better understand
and address the value of ecosystem services in our economic and societal transactions, they
do not readily translate into corporate sustainability practice. Academia and corporate
sustainability alike therefore recognize the need for corporate-appropriate ecosystem services

tools, and their development and application are consequently gaining traction.

Corporate-Ready Ecosystem Services Tools

Although the development of corporate sustainability-appropriate ecosystem services tools is

growing, the use and application of ecosystem services valuation by and for business has emerged
relatively recently and thus corporate-ready ecosystem services quantification tools are in early stages
of development. Nonetheless, a number of tools more conducive to corporate processes have
emerged. These include cross-sector valuation methodologies, such as the World Business Council
for Sustainable Development’s Corporate Ecosystems Valuation (WBCSD, 2011; IPIECA, 2011)
and WRI’s Corporate Ecosystem Services Review (Hanson et al., 2012; IPIECA, 2011). These

corporate-appropriate ecosystem services tools are detailed in Table 3 below.
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Table 3. Ecosystem setrvices tools relevant to corporate sustainability practice.

Tool Brief Overview Creators
e The ESR is a structured methodology for corporate
managers to proactively develop strategies for
managing business risks and opportunities arising
from their company’s dependence and impact on Co-developed
ecosystems. It is available free online through an excel by World
ESR spreadsheet and supporting matetials. Resources
e Inaddition, an ‘Ecosystem Setvices for Corporate Insdtute (WRI),
Decision Making’ project has been launched to assist World Business
(Corporate Ecosystem L o Council for
Services Review) corporations integrate ecosystem setvices into ISO . )
standards (e.g., 14001), the Global Reporting Initiative, Sustainable
and the Global Compact’s Performance Model. Parallel Development
www.wri.org/project/eco efforts for integrating ecosystem services into other (WBCSD), and
system-services-review business models (e.g., life cycle assessments, the Meridian
Institute

environmental impact assessments, product
development) are ongoing.

CEV

e Building on the ESR assessment platform, the WBCSD
has launched an Ecosystem Valuation Initiative (EVI) to

An initiative of

(Corp Qrate Ecosystem extend the scope to include quantification of WBCSD, with
Valuation) ecosystem risks and opportunities by providing WRI, PwC,
guidance to companies on accounting for ERM, and
http://www.wbesd.org appropriate ecosystem benefits and costs. ITUCN as a
work- e The CEV toolkit provides a methodological framework suppqrtigg
program/ecosystems/cev to allow both ecosystem degradation and the benefits organizations
-ASpX provided by ecosystem services to be explicitly valued
and accounted for to improve business decision-making.
e Evaluates the extent to which companies have
systems in place that adequately identify and control
NVI (The Natural Value material business risks associated with company -Flora and
Initiative) dependency and impacts on ecosystem services. Fauna
e Enables the finance sector to: (1) evaluate how well the International
food, beverage, and tobacco sectors are managing
www.naturalvalueinitiativ biodiversity and ecosystem services risks and -UNEP FI
c.org/content/003/303.p opportunities; and (2) engage the companies to reduce
hp -Brazilian

their risk exposure by reducing impact on biodiversity
and ecosystem setvices, through the responsible
management and harvesting of natural resources

e Consists of the Ecosystem Services Benchmark (ESB)
tool and associated guidance material for investors

business school

FGV
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The development of these corporate-appropriate ecosystem services valuation tools have a
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number of implications.

e These tools are not only simpler and easier to use than their stand-alone counterparts,
but they are also more relevant for existing corporate sustainability processes. Many
come with guides tailored to business professionals and industry-specific needs.

e Moreover, some these tools more directly explain how to incorporate ecosystem
services into other business models and corporate sustainability assessments,
such as ISO 14001 Environmental Management Systems or Global Reporting Initiative
metrics. Therefore, these tools ideally allow companies to begin treating ecosystem costs

and benefits in the same monetary terms as any other sustainability cost or benefit.

Although this emerging suite of tools enables corporate ecosystem consideration at the firm
level, it is also important to consider the tools enabling ecosystem services to be incorporated into
corporate sustainability at the product-level. In addition to the emergence of new firm-level tools,
new approaches to one of the primary product-level sustainability assessments are also emerging.
New approaches to Life Cycle Assessment (LCA) are quantifying and accounting for ecosystem
services through a variety of methodological innovations across a variety of products and sectors.
These advances are establishing more accurate ways to account for ecosystem services in quantified

product sustainability assessments, and are detailed in the following section.

3. Life Cycle Assessment — Ecosystems Tools

a. Background on LCA

Life Cycle Assessment (LCA) is intended to yield a comprehensive environmental profile of

a product system, identifying and quantifying inefficiencies and hotspots within the life cycle of and
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benchmarking it against other designs or products. It is designed to assess the environmental burden

and material and energy consumption of a product across its entire life, accounting for resource i
extraction, manufacturing, distribution, use, and post-use (Rebitzer et al., 2004; ISO, 2006; UNEP

and SETAC, 2007). LCA is fundamentally an engineering tool, assessing technical systems and

highlighting ‘hotspots” where potential changes may be made for environmental improvement of

product systems. At the same time, it is also a multi-disciplinary tool, modeling impacts on the

natural environment and people’s relations to such impacts (Baumann and Tillman, 2004). LCA is

increasingly used by decision-makers, including industry consortia, to determine sustainable product

and technology choices (Bayart et al., 2010).

LCA employs a standardized framework to describe the environmental aspects and potential

impacts throughout a product or service’s life cycle. This framework is comprised of four steps:

Table 4. Standardized steps of an LCA. Sowurces: ISO, 2006; Baumann and Tillman, 2004; UNEP, 2009.

Goal Scope and Definition The product or setvice to study and the purpose of
the LCA are specified.
Life Cycle Inventory The life cycle model is constructed and the emissions
produced and resources used during the life cycle are
calculated.
Impact Assessment The emissions and resources are related to vatrious

environmental problems through the acts of
classification and characterization.
Improvement Analysis The findings of the inventory and impact assessment
are combined consistent with the defined goal and
scope in order to reach conclusions and
recommendations.

Although its framework is standardized, LCA methodology is constantly evolving as
engineering decision-making and interpretive analysis improve understanding and application of
LCA results. As a very common approach for assessing the broader environmental impact of

production processes, LCA is often the subject of intense research activity, especially over the last



Ecosystem Services and Corporate Sustainability: In Theory and Practice

several years (Zhang et al., 2010a). For example, recognizing that product life cycles are composed
29
of not only material, energy, and economic flows but also production and consumption impacts on

all value chain actors, UNEP and SET'AC developed a socio-economic approach to LCA (S-LCA) in

2009 (UNEP and SETAC, 2009).

Thus, LCA continues to evolve with the citcumstances and science that inform it. The tool
is therefore beginning to incorporate ecosystems impacts and services. Emerging LLCA approaches
target a range of ecosystem services and economic sectors, employing a variety of methodological
innovations. In the following section, I review three emerging approaches to LCA that confront the
challenge of incorporating ecosystems valuation into life cycle-oriented sustainability assessments.
These include utilizing spatial data to incorporate biodiversity assessments into LCA (Geyer et al.,
2010a,b); developing spatially explicit stress indices for freshwater consumption within LCA (Pfister
et al,, 2009); and an ecologically-based I/O-LCA model that incorporates ecosystem service flows

(Zhang et al., 2010Db).
b. LCA-Biodiversity Approach

Geyer et al. (2010) developed a methodology to incorporate biodiversity impacts of land use
into LCA because conventional LCA does not assess spatially-explicit land use impacts, including
impacts to biodiversity. This shortcoming in LCA methods has been well-recognized for the past
few years, and mounting concern that ignoring land use will yield incomplete environmental profiles
led to the 2007 development of a conceptual framework for land use in LCA by UNEP and SETAC
(Mila I Canals et al., 2007). Nonetheless, a means to assess biodiversity impacts of land use in LCA

remained an important research need.

The Geyer method presents a two-step approach to incorporate biodiversity assessments

into existing LCA methods. These are: 1.) Introducing new elementary flows that appropriately
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reflect and quantify land use; and 2.) Developing appropriate characterization models in order to
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calculate biodiversity indicator results from new elementary flows. This two-step approach addresses
three fundamental gaps in conventional LCA methods: the need to be spatially explicit, the need to

permit non-linear relationships in inventory models, and the need to assess land use impacts on

biodiversity.

The two-step approach set forth is able to fill these gaps in conventional LCA methods
through revisions to each step of the product LCA (Table 5). One of the most important LCA
revisions set forth by this approach is the Geographic Information Systems (GIS)-based inventory
modeling of land use, allowing for spatially explicit and non-linear inventory. Another important
revision is the development of four biodiversity impact calculators, enabling them to apply their
inventory data on land use change to quantitatively measured impacts on biodiversity. To illustrate
these revisions, the authors present a case study of ethanol production from agricultural crops in
California. They demonstrate how GIS can be coupled with LCA inventory modeling to successfully
model land use as a geospatial and non-linear function of output. Overlaying land use scenarios with
habitat maps, they express land use within the conventional structure of LCA as a set of elementary
input flows of habitat types. The inventory data of this case study is then applied to four biodiversity
impact calculators (hemeroby, species richness, species abundance, and species evenness) to yield
results that are well-grounded in ecological science and offer enhanced information for LCA

interpretation.
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Table 5. Revisions to each step of LCA in Geyer et al. (2010).

Phase of LCA How It Varies from Conventional LCA 31
Goal Scope and Definition « Aims to create a biodiversity assessment of land use and apply

it to a case study of ethanol production from agricultural crops

in California.

*  Will couple GIS with LCA to model land use as a spatially
explicit and nonlinear function of output.

Inventory * GIS-based inventory modeling of land use, allowing for
spatially explicit and nonlinear inventory.

* Land use expressed as a set of elementary input flows of habitat
types, which were created using GIS software and publicly
available data on San Joaquin Valley land use and habitat type
maps.

Impact Assessment * The habitat compositions, treated as elementary input flows in
the revised inventory phase, are used to calculate different
biodiversity impact indicators in this step.

»  Four biodiversity impact indicators are developed from the
biological concepts of hemeroby (‘deviation from naturalness’),
species richness, species abundance, and species evenness.

Interpretation * Yields results that are well-grounded in ecological science and
that can therefore offer enhanced information for LCA
interpretation.

The approach has a number of implications for product sustainability standards as they apply
to biodiversity services (Table 6). The overall approach of using GIS-based inventory data on land
use together with information on species-habitat relationships is both scientifically sound and
consistent with existing life cycle impact assessment efforts, ensuring the method’s adaptability to a
variety of product LCAs. The ability to account for non-linear relationships in the inventory model
is also revolutionary within the field of LCA. Conventional LCA is structured around the use of
average values, a well-known limitation because an increase in output will typically require a non-
linear increase in land area as use expands to less productive land. The ability to couple GIS with
LCA inventory modeling to successfully model land use as a geospatial and non-linear function of
output will have lasting implications for production processes that use substantial areas of land, such
as agricultural processes for food and fiber production. Furthermore, as global supply chains

increasingly turn to bio-based energy and material feedstocks for production, a spatial approach to
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LCA will be increasingly important to ensure the production of renewable bio-based products
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respects biodiversity and safeguards its valuable services.

Table 6. Implications of LCA approach set forth by Geyer for relevant products and sectors.

Study Relevant Products and Sectors Implications
Geyer et al. Production processes that e Ability to account for non-linear
(2010) transform substantial amounts of relationships in LCA inventory will
land, including agricultural transform the way impacts from land use
production for food, fibers, and change are calculated in LCA.
bio-fuels. e Ability to link GIS within the LCA

framework will revolutionize inventory and
characterization capabilities.

o Creation of biodiversity characterization
factors may be adopted by future studies to
quantify a production process’ impacts to
biodiversity.

Despite its progressive steps towards incorporating biodiversity into LCA, this approach has
its limitations and therefore presents the opportunity for further research. Different characterization
models (e.g., species richness vs. hemeroby) generate contradicting results within their case studies,
and future research thus needs to look into the best matrices and indices for measuring biodiversity
characterization factors. Moreover, the spatial data used for GIS-LCA coupling may be readily
available throughout the United States, but may not be as easily accessible for studies in the
developing world. Nonetheless, this approach paves the way for these research gaps to be filled with

further research developments.

c. LCA-Watershed Services Approach

Pfister et al. (2009) developed a method to incorporate spatially-explicit stress indices for
freshwater consumption into LCA because regionalized consideration of water consumption is a
well-known gap in conventional LCA, even though freshwater scarcity is now recognized as one of

the most important emerging environmental issues. A 2009 study by the Water Resources Group
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found that there could be a potential shortfall of 40% in water resources available across the world
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by 2030. Such impending scarcity is threatening the watershed services that sustain human activities
and economies (WWF and SAB Miller, 2010). The ability to measure spatially-explicit freshwater

consumption in product LCA is therefore vital to sustainability standards, especially for water-

intensive products such as certain agricultural goods.

Recognizing the need to fill this gap in conventional LCA, Pfister et al. (2009) developed an
approach to LCA that focuses on consumptive freshwater use throughout each phase of a product’s
life cycle. Their approach addresses three fundamental gaps in conventional LCA: the need to
evaluate the environmental impacts associated with water use; the need to distinguish different uses
and types of water in LCA inventory and impact steps; and the need to account for freshwater

consumption in a spatially-explicit manner to capture site-specific hydrological conditions.

Their approach is able to fill these gaps in conventional LCA methods through revisions to
each step of the product LCA (Table 7). One of the most important methodological revisions set
forth by this approach is its distinction of different uses and sources of water within the inventory
step, as well as its spatially-explicit inventory for water consumption in agriculture. This revised
inventory step of their approaches focuses on consumptive water use, and generates a regionalized
inventory for water consumption in agriculture by incorporating data from UNESCO’s virtual water
database (Chapagain and Hoekstra, 2004). This database provides quantified values for the amount
of water used in the production of agricultural and industrial products. Another important
methodological revision set forth by Pfister is its use of GIS within the impact assessment to
develop a spatially-explicit characterization factor for water stress, the Water Stress Index (WSI).
This is accomplished by incorporating the spatially-explicit WaterGAP 2 global model (Alcomo et

al., 2003), which consists of both hydrological and socio-economic data and quantifies annual
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freshwater availability and withdrawals for different users at the watershed level across the world.

The WSI is thus defined by the ratio of total annual freshwater withdrawals to site-specific i
hydrological availability, indicating the portion of water use in the production process that deprives

other regional users of freshwater. The WSI calculation is then corrected for increased effective

water stress by introducing a variation factor to calculate modified water availability for watersheds

with strongly regulated flows (Pfister et al., 2009).

Table 7. How the approach of Pfister varies from conventional LCA.

Phase of LCA How It Varies from Conventional LCA
Goal Scope and » Explicitly states the goal of assessing the environmental impacts of
Definition freshwater consumption.

* Importance of developing regionalized results is emphasized
because impacts of water use vary greatly as a function of location.

Inventory * In conventional LCA Inventory stage, quantities of water are often
reported, but this method distinguishes the type of use, source of
water, and geographical location as well.

» It also distinguishes between consumptive and degradative water
use, but focuses on consumptive use.

» To generate a regionalized inventory for water consumption in
agriculture, they use the ‘virtual water’ database from UNESCO.

Impact Assessment * The ecological impacts of water use depend on many spatial
factors, and so this method uses GIS for a regionalized impact
assessment of water use. Impact factors were calculated on country
and major watershed levels.

» This method develops a characterization factor for water stress by
calculating a Water Stress Index, defined by the ratio of total
annual freshwater withdrawals to hydrological availability. The
WSI indicates the portion of water use that deprives other users of
freshwater. WSI serves as a characterization factor in LCA and is
calculated on a watershed level.

» Damage assessment according to Eco-Indicator-99, with damages
of water use assessed for three Areas of Protection: human health,
ecosystem quality, and resources.

Interpretation » If a study using the proposed method points to a potential
environmental problem from water consumption, a more detailed
assessment could be done.

The Pfister approach has a number of implications for product sustainability standards as
they apply to watershed services (Table 8). The ability to link LCA with existing spatial databases on

water consumption and scarcity will improve water-related inventory data quality and reduce
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uncertainties in interpretation of water consumption. The development of this approach, much like
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that of Geyer et al. (2010), represents and motivates further interest in spatially-explicit LCA for
many environmental impact areas. They demonstrate that spatially-explicit impacts from freshwater
consumption may be incorporated into product sustainability, a revolutionary innovation that will

have strong implications for sustainability standards for water-intensive products, such as

agricultural production for food and fibers.

Table 8. Implications of LCA approach set forth by Pfister for relevant products and sectors.

Study Relevant Products and Sectors Implications
Pfister et al. Production processes that e Ability to incorporate spatially-explicit
(2009) consume substantial amounts of freshwater use and scarcity databases into
freshwater, including LCA inventory will transform the way
agricultural production for food impacts from freshwater consumption are
and fibers. calculated in LCA.

e Ability to create spatially-explicit Water
Stress Index will revolutionize
characterization and interpretation
capabilities for freshwater consumption.

The limitations of this approach must also be considered for future research opportunities.
While the use of the virtual water database is convenient, it has its limits in spatial resolution and
reliability. The virtual water database also considers only a few industrial products and ignores water
use in supply chains. Moreover, the spatial extent of the approach is at the global scale, which means
data is represented at the country-level and may therefore be inappropriate for smaller-scale
applications. Future research will also need to address degradative use, particularly for LCAs of

industrial production assessments, as the approach currently focuses solely on consumptive use.

d. Ecologically-Based Economy-Scale LCA

Zhang et al. (2010) developed a new I/O-LCA model to incorporate ecosystems’ matetial

and energy flows, thus accounting for many ecosystem services across the life cycle. Ecosystem
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services provision is essential to sustainable systems (MEA, 2005; UNEP and SETAC, 2007), and
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LCA must therefore begin to account for the role of such services if it is to measure and encourage
sustainable practice. Zhang et al. (2010) highlight the urgency of this matter, writing that a failure of

LLCA to account for the role of ecosystem goods and services in production processes may

encourage unsustainable reliance on deteriorating ecosystem services.

Recognizing the need to fill this gap in conventional LCA, they developed an approach to
LCA that quantifies impacts to ecosystem services throughout the life cycle of a product. Their
approach addresses five fundamental gaps in conventional LCA: the need to extend the analysis
boundary to include ecosystems; the need to inventory ecosystems and natural capital; the need to
assess impacts to nature rather than solely inputs from nature; the need to classify ecosystem goods

and services; and the need to include ecosystem goods and services in aggregation methods.

The new LCA model is able to fill these gaps in conventional LCA methods through
revisions to each step of the LCA (Table 9). One of the most important methodological revisions set
forth by this model is the extension of the analysis boundary to include ecosystems. The stated focus
of the Eco-LCA is to better understand the direct and indirect dependence of human activities on
ecological resources to guide their wise management. It also considers many ecosystem services
described by the Millennium Ecosystem Assessment (2005), including provisioning, regulating, and
supporting services, within the Inventory step of the LCA. Their revised Inventory is able to do this
through a number of steps. First, it accounts for the ecological resources (sunlight, land, water,
minerals, soil, etc.) necessary for producing ecosystem goods (food, fiber, biomass, etc.). Second,
their revised inventory accounts for provisioning services by measuring concomitant material or
energy flow via physical data about specific resources The revised inventory also quantifies the role

of supporting services for producing other services using the emergy (or transformity) approach,
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representing energy flows in terms of solar equivalents (Odum, 1996; Hau and Bakshi, 2004; Zhang
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et al., 2010b). The Impact Assessment step of the LCA is also revised within their Eco-LLCA to
focus on inputs from nature rather than emissions to nature. It uses a hierarchical aggregation

structure to create various indicators that account for ecosystem services, such as Efficiency,

Renewability Index, and Physical Return on Investment.

Table 9. How the approach of Zhang et al. varies from conventional LCA.

Phase of LCA | How It Varies from Conventional LCA

Goal Scope » The focus of the Eco-LCA is understanding the direct and indirect dependence
and of human activities on ecological resources to guide their wise management.
Definition » The analysis boundary extends to include ecosystems.

» /O LCA at the economy-wide scale.
Inventory » Eco-LCA considers the ecological resources that are necessary for producing

ecosystem products.

* Eco-LCA also considers many ecosystem goods and services selected by the
Millennium Ecosystem Assessment, including provisioning, regulating, and
supporting services.

» Provisioning services are included in Eco-LCA via physical data about specific
resources.

» Regulating services are partially accounted for.

»  Supporting services are quantified using the emergy, or transformity, approach,
representing flows in terms of solar equivalents.

Impact » Eco-LCA Impact Assessment focuses on inputs from nature rather than

Assessment emissions to nature.

» Eco-LCA uses a hierarchical aggregation structure that helps identify resource
scarcity or vulnerability. Aggregation is considered by mass, energy, Industrial
Cumulative Energy Consumption, and Ecological Cumulative Energy
consumption.

* Many types of metrics may be defined within the Eco-LCA model, including
Resource Intensity, Efficiency, Renewability Index, and Physical Return on
Investment. Many other indicators can build upon these, including carbon
footprints and land use.

Interpretation » Interpretation of aggregate metrics is not necessarily straightforward, so
significant care must be exercised to avoid misleading conclusions.

» Practical case studies are playing an important role in understanding and
interpreting the hierarchy of metrics.

The approach set forth by Zhang has a number of implications for product sustainability
standards as they pertain to ecosystem services (Table 10). Its widespread implications are perhaps

best showcased by an Eco-LCA case study of paper and plastic single-use cups (Zhang et al., 2010b).
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Based on accounting for carbon sequestration in ecosystems, the Eco-LCA indicates that a paper
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cup is nearly carbon neutral while a plastic cup emits about 7 grams of CO, per cup. Furthermore,
the Eco-LCA showed that paper cup production is more energy efficient than plastic cup
production at the economy-scale in terms of ecological cumulative exergy consumption (ECEC),
which quantifies broader implications of energy renewability by capturing material and energy flows
within a life cycle’s industrial systems as well as supporting material and energy flows within the
surrounding ecosystem. Although these results are at the economy scale and therefore coarse, the

case study illustrates the ground-breaking ability of the Eco-LLCA approach to account for many

more ecosystem services than previously existing life cycle oriented approaches.

Table 10. Implications of Eco-LCA model set forth by Zhang et al. for relevant products and sectors.

Study Relevant Products and Sectors Implications
Zhang et al. All production processes, e Ability to incorporate ecosystem services
(2010) particularly those that occupy into LCA inventory will transform the way
large land areas or largely impacts to nature are accounted for in 1/0-
impact natural energy and LCA, including the ability to account for
material flows. negative and positive impacts to ecosystem
services.

e Showcases the recent advancements in
ecosystem services valuation techniques,
and exemplifies how these techniques can
be increasingly applied to sustainability
practice.

Despite the vital progress Eco-LCA has achieved, many challenges remain in holistically
accounting for ecosystem services in LCA. The most important limitation of this approach is that its
current model is scaled at the economy-wide level (Input-Output LCA) rather than the product level
(Product LCA). This scale is not always appropriate or applicable for assessing life cycle impacts of
individual processes. Relevant data about the contribution of ecosystem services to economic

activities at the scale of individual processes is necessary to develop a process-based Eco-LCA.
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LCA-Ecosystems Implications & Conclusions

The approaches for incorporating ecosystem services into LCA discussed in this paper have

a number of implications for corporate sustainability.

These improvements to reflect the growing number of bridges between ecological

science and economics, industrial ecology, and systems engineering.

By developing ways to incorporate biodiversity, freshwater consumption, and ecosystem
energy and material flows into LCA, these methodological innovations are establishing
more accurate ways to represent and account for ecosystem services in quantified

product sustainability assessments.

As life cycle-oriented sustainability assessments continue to expand upon quantifiable
metrics for ecosystem services, they will increase consideration for ecosystem services
within quantified product sustainability standards, encouraging more holistic
approaches to sustainable products.

The ability of multiple researchers to couple LCA with GIS also suggests a continued
evolution of spatial considerations within the LCA framework.

The existing limitations of each approach open up a variety of future research
opportunities to further integrate the fields of ecosystem service valuation and
sustainability metric quantification through life cycle-oriented methods.

These implications are important for all production processes, but especially important for
those that utilize large amounts of land, freshwater, and non-renewable energy

sources.
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IV. CORPORATE SUSTAINABILITY & ECOSYSTEM SERVICES: 20

IN PRACTICE
A. Drivers

1. Survey Results

In order to gain a better understanding of the ‘on-the-ground’ trends driving corporate
sustainability to incorporate ecosystem services, the survey of outdoor industry companies included
questions addressing these drivers (See Appendix 2). Eighty-two respondents completed the Drivers
section of the ecosystem services portion of the survey. Over a third of these respondents felt bozh
external and internal pressure to consider ecosystems within sustainability and environmental
assessments; an additional 23% felt esther external or internal pressure to consider ecosystems within
sustainability and environmental assessments; and combined 50% felt internal pressure while 41%

felt external pressure to consider ecosystems in sustainability and environmental assessments (Table

1).

Table 1. Respondent answers to question: “Does your company feel internal or external pressure to consider
ecosystems within sustainability and environmental assessments?”

Answer Percentage
Yes, internal pressure only 16%
Yes, external pressure only 7%
Yes, both internal and external 34%

pressure
No, neither internal nor 33%
external pressure

Not sure 10%

Of the 41 respondents who said they recognize internal actors pressuring their company to
act on behalf of ecosystems, 56% of these (22 respondents) identified the need to meet internal or

industry-wide commitment to sustainability standards as an acting internal force (Fig. 1). This
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emphasizes the progressive nature of the outdoor industry, as well as its unique position of
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unification under common industry consortia to drive sustainability initiatives and encourage
competition. Many respondents also identified impending scarcity of raw materials due to loss or
degradation of ecosystem services as well as rising costs of production due to loss or degradation of

ecosystem services as internal drivers for increased attention to ecosystems in sustainability

standards (Fig. 3).

Respondents also had the option of filling in any other internal drivers for considering
ecosystems in sustainability assessments, and 15 respondents took this opportunity to provide some
insightful commentary (See Appendix 2). Of particular interest, many noted the importance of being
active environmental stewards for employee happiness and retention; the importance of ecosystem
considerations in focusing on “quality and efficiency”; and the recognition of the opportunity to cut
“operation costs associated with consumption of energy and water.” This suggests companies are
indeed beginning to recognize significant internal benefits to ecosystem services considerations in

corporate sustainability strategy.
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Internal Drivers 42

Rising costs of production due to loss or — 41%

degradation of ecosystem service

Impending scarcity of raw materials due to _ 460/
0

loss or degradation of ecosystem service

D e . e 30/,

are increasingly bio-based

R O O I e 5
0

commitment to common standards

Other — 38%

0% 10%  20%  30%  40%  50%  60%

*39 Respondents, 85 responses

Fig. 3. Surveyed companies’ internal drivers for considering ecosystem services.

Of the 33 respondents who said they recognize external actors pressuring their company to
act on behalf of ecosystems, 70% (23 respondents) identified customers as a strong external actor
(Fig. 4). This demonstrates the influence of a value-chain approach to sustainability within the
outdoor industry. Companies pay attention to the demands of those they sell to, particularly
companies whose dominant role in the value chain is that of a supplier. Another significant external
driver according to survey respondents is consumers (Fig. 4), suggesting consumer preferences for
ecosystem-friendly products are also monitored by outdoor industry companies. Other notable
external drivers for considering ecosystems in sustainability assessments include non-governmental

organizations, Boards of Directors, and investors (Fig. 4).

Overall, these responses are consistent with the findings of the literature review, suggesting a
wider array of stakeholders are beginning to pressure businesses to better account for and manage

ecosystems in their corporate sustainability plans. A particularly surprising finding, however, is that
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very few respondents identified government (at the local, state, federal, and international levels) as a
43
strong external driver for ecosystem services considerations (Fig. 4). This again emphasizes the

importance and prominence of market-based approaches to ecosystem services valuation and

management.

Respondents also had the option of filling in any other external drivers for considering
ecosystems in sustainability assessments, and 8 respondents took this opportunity to provide some
insightful commentary (See Appendix 2). Of particular interest, some noted the “going green trend”
portrayed in the media. Such comments counter the findings of my literature review, suggesting that
the importance of incorporating ecosystem services into corporate sustainability practice lies in
product marketing and company branding rather than in risk mitigation or business opportunity

realization.
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Fig. 4. Surveyed companies’ external drivers for considering ecosystem services.

2. Interview Results

To further understand these ‘on-the-ground’ trends regarding drivers for incorporating

ecosystem services into corporate sustainability, follow-up interviews with volunteer participants

from five outdoor apparel and equipment companies were conducted. These companies represent

the broad demographics of the outdoor industry, with large and small companies, equipment and

apparel companies, as well as domestically and foreign-based companies participating. Through
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these interviews, many differentiating factors as well as many common trends amongst various types
45

of companies were discovered.

The interviews highlighted how companies of different sizes experience different types of
drivers for considering ecosystem services in their corporate sustainability assessments. Smaller
companies are more likely to identify external drivers for ecosystems consideration, while bigger
companies identify internal drivers for ecosystems consideration. For example, a small apparel
company identified governmental regulation and/or industry conversation as the primary driver for
all environmental considerations. Similarly, a small equipment producer noted consumers as a
primary driver for ecosystems considerations, noting that “the primary driver for us to reduce
environmental impact in general is marketing.” Another small equipment producer also discussed
external drivers for considering ecosystem services. Understanding that economics are absolute
drivers of behavior in companies, the company representative noted the importance of considering
impending resource scarcity and “building capacities within our organization and managing it

[scarcity] ahead of the curve rather than be whipsawed by commodity costs or scarcities.”

On the other hand, larger firms seemed to identify stronger internal drivers. One larger
company that produces both apparel and equipment said, “Sustainability is pro-active, you have to
do it ahead of time.” Similarly, another large company acknowledged ecosystem services concepts as
a new opportunity to more holistically account for ecosystems and environmental values on internal
balance sheets. The company representative recognized this as something that “allows you to make

more informed decisions.”

The follow-up interviews also revealed an interesting common trend amongst the various
types of companies: The incorporation of ecosystem services and improvements in environmental

externalities quantification is largely viewed as a business opportunity by those within the outdoor
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industry. For small companies, improvements in sustainability assessments of this kind are
46
“opportunities to be more responsible to our customer, the board, and the general world in which
we live. It gives us the ability to really do things smarter and find competitive niches.” Small
companies also emphasized the potential business opportunities in improved ecosystem services
valuation methodologies, with one small firm noting, “It fundamentally comes down to economics —
whatever it is, somehow we’ve got to start applying real dollars to these inputs that we’re using in
our industrial systems.” Similarly, large companies expressed a belief that the constant advancement

of sustainability assessments enables support for corporations to “make the right decisions for the

company and the environment alike.”
3. Drivers in Practice: Implications & Conclusions

The survey results and follow-up interviews shed light on the trends currently driving the
. . . o L e
on-the-ground’ incorporation of ecosystem services into corporate sustainability, providing insight

from the outdoor apparel and equipment industry.

e For the most part, participants’ responses support the findings of the literature review,
indicating a mix of internal and external drivers encouraging a more holistic approach
to ecosystem services management in corporate sustainability.

e While some drivers, such as rising costs and increased scarcity, suggest risk mitigation is
driving these considerations in the outdoor industry, interviews reveal that ecosystem
services valuation is also widely seen as a business opportunity within the outdoor
industry.

e Finally, the surprisingly low emphasis placed on regulatory drivers suggests that market-

based approaches and industry-led initiatives are the most important and prominent
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driver for the outdoor industry to incorporate ecosystem services in its sustainability
47

assessments today. R

B. Tools

1. Survey Results

Despite the progress implied by the analysis of emerging stand-alone; corporate-ready; and
LCA-compatible ecosystem tools, my survey of outdoor industry companies suggests that corporate
ecosystem services valuation is not yet common practice in corporate sustainability processes. Of the
85 respondents who answered the ecosystem services portion of the survey, over half were not sure
if their company has a working definition of ecosystems and only 15% reported that their firm does
have a working definition of ecosystems (Fig. 5). These definitions ranged from very broad
descriptions of “the world that we are living in,” to more scientifically sound definitions of “a

biological community of interacting organisms and their physical environment.” (See Appendix 3)

Does your company have a working
definition of ecosystems that you use?

M Yes
® No

M Not sure

Fig. 5. Percentage of surveyed companies that have a working definition of ecosystems.
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Most companies that did have a working definition of ecosystems are suppliers, again
48
emphasizing the importance of a value-chain approach to corporate ecosystem valuation (Fig. 6).

The survey also revealed that larger outdoor companies (between 101 and 500 employees and over

10,000 employees) are more likely to have a working definition of ecosystems (Fig. 7).

Companies that have a definition of
ecosystems, by type

H Apparel

B Footwear
m Equipment
M Retailer

B Supplier

m Other

Fig. 6. Surveyed companies that have a definition of ecosystems by type of company.
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Companies that have a definition of 49
ecosystems, by number of employees

M Less than 10
m 10to 50

m 51 to 100

W 101 to 500

m 501 to 1000

® 1001 to 5000
= 5001 to 10000
10000+

Fig. 7. Surveyed companies that have a definition of ecosystems by size of company (number of
employees).

Despite these findings, 57 outdoor companies did identify which ecosystem services are
most important to their firm, with almost half acknowledging watershed services as the most
important (Fig. 8). Almost a quarter of these respondents identified climate stability as the most

important (Fig. 8).
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Which ecosystem service is most 50
important to your firm?

B Water and Watershed
Services

Ml Resource
Replenishment
I Habitat Replenishment

B Climate Stability

m Other

Fig. 8. Highest priority type of ecosystem service for surveyed companies.

82 respondents elected to answer about whether their company has a supply chain risk
mitigation plan, with only 33% responding that yes, their company did (Fig. 9). Another 43%
responded that their company does not, and neatly a quarter of respondents were not sure if their
company has a supply chain risk mitigation plan. Of the 27 respondents who responded they did
have a supply chain risk mitigation plan, only 15% reported that this supply chain risk mitigation
plan addresses ecosystem services (Fig. 10). 58% responded that their supply chain risk mitigation

plan does not address ecosystem services, and 27% were not sure.
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Does your company have a supply 51
chain risk mitigation plan? E—

M Yes
H No

m Not sure

Fig. 9. Percentage of surveyed companies’ that have a supply chain risk mitigation plan.

If yes, does that supply chain risk
mitigation plan address ecosystem
services?

HYes
H No

® Not sure

Fig. 10. Of the surveyed companies that have a supply chain risk mitigation plan, the percentage which
address ecosystem services within such processes.
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Respondents also provided insight into whether the outdoor apparel and equipment industry
52
finds conventional environmental impact assessment tools, such as Life Cycle Assessment, as
adequate for addressing ecosystem risks across their supply chains. Of 82 respondents, over half
were unsure, 33% felt as though they were not, and only 15% felt that conventional environmental
impact assessment tools were adequate for addressing ecosystems risks across the supply chain (Fig.
11). Responses such as these re-emphasize why this industry has come together under common

consortia to build stronger sustainability assessment tools for industry-wide adoption, pooling

resources and capacity to address shortcomings of current sustainability assessments and standards.

Does your company find that conventional
environmental impact assessment tools adequately
address ecosystem risks across your supply chain?

M Yes
B No

[ Not sure

Fig. 11. Surveyed companies’ responses regarding adequacy of conventional environmental impact
assessment tools in addressing ecosystem services.

2. Interview Results

To further understand these ‘on-the-ground’ trends regarding tools for incorporating
ecosystem services into corporate sustainability, follow-up interviews with volunteer participants

from five outdoor apparel and equipment companies were conducted. The companies represented a
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vast array of demographics within the outdoor industry, including large and small apparel and
53

equipment companies. Through these interviews, many differentiating factors as well as many

common trends amongst various types of companies were discovered.

Similar to the insight provided by the Drivers section of the interviews, speaking with
company representatives about the tools available to them for ecosystem services consideration
highlighted a number of differences between large and small companies. In particular, barriers to
ecosystem tools’ access and implementation differ between companies of different sizes. Overall,
larger firms seem to have more internal capacity to adopt and implement ecosystem valuation tools.
For example, one large company reported building an environmental management accounting
system that, “taken broadly, is an accounting system that also values environmental impacts or
savings through a supply chain approach.” This same company also reported that they have done a
few product life cycle assessments in the past to help guide their environmental decisions, but that
product-level LCA alone does not incorporate enough of the financial side of environmental
decisions is therefore not a valuable stand-alone tool. Similarly, another large company reported

using LCA sparingly because the development of common industry tools more efficient and ‘usable’.

On the other hand, smaller firms may face stronger barriers to individually implementing
sustainability tools; thus, smaller firms seem more likely to implement ecosystem services valuation
tools when they are adopted at an industry-wide level. For example, one small company reported
that participating in the development of common tools via industry consortia is what enables them
to employ comprehensive sustainability measures. They successfully piloted the first Eco-Index, and
“incorporated much of what we found into business practice.” Similarly, another small company
also emphasized the importance of collective industry (rather than individual company) action. This

company noted that in order to price carbon, water, coral reefs, and other common environmental
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goods, “establishing costs for these things as externalities in our industry world is the only way we’re
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going to get around to really fixing things.”

A common theme regarding the current corporate sustainability toolkit amongst all five
participants was the problem of managing a complex supply chain. Even if companies have the tools
to measure environmental and ecosystems impacts, it is often still a challenge to mine the data out of
an often murky supply chain. As one company noted, “The supply chain is distant, murky, complex,
and not well understood.... The challenge is to understand the supply chain.” Similarly, another
company reported being able to successfully implement environmental management plans in its
domestic facilities, but struggling when it begins to explore its supply chain abroad. The company

hopes that its membership in industry consortia can assist with this challenge.
3. Tools in Practice: Implications & Conclusions

The survey results and follow-up interviews shed light on the trends currently driving the
‘on-the-ground’ incorporation of ecosystem services into corporate sustainability, providing insight

from the outdoor apparel and equipment industry.

e Despite the wealth of ecosystem services tools and quantification approaches discovered
in the literature review and tool analysis, participants’ responses to questions regarding
their access to and use of ecosystem services accounting tools imply that these tools are
not yet put into practice within the outdoor industry.

e Although many companies recognize the importance of various ecosystem services to
their corporate processes (Fig. 8), many companies still do not have a working
definition of ecosystems (Fig. 5). Moreover, only a third of participating outdoor

companies have a supply chain risk mitigation plan (Fig. 9), and only of these



Ecosystem Services and Corporate Sustainability: In Theory and Practice

supply chain risk mitigation plans address ecosystem services (Fig. 10), suggesting these
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considerations are not yet thought about or managed across the supply chain.
Nonetheless, the results of this section suggest demand for industry-wide
adoption of corporate-ready ecosystem services valuation tools may grow in
coming years. Surveyed companies identify a number of external and internal forces
pressuring them to better account for ecosystems; yet only 15% felt that conventional
environmental impact assessment tools were adequate for addressing ecosystem services
risks across the supply chain.
Moreover, the follow-up interviews emphasize the importance of industry-wide

adoption of all environmental management tools to overcome capacity challenges

as well as establish industry competition.
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V. CONCLUSIONS c6

The current unsustainable use and degradation of the majority of the world’s valuable ecosystem
services has inspired expanded research into better understanding the flows of services between onr societies,
cconomies, and ecosystens. The field of ecosystem services is bringing nature’s flows in our economies
and societies to the forefront, quantifying the scientific and monetary values of healthy ecosystems’
contributions to human systems. This research is not only enabling better environmental and
sustainability management, but it is also becoming increasingly relevant for a number of corporate

stakeholders and processes.

The growing study of ecosystem services is becoming especially relevant in corporate sustainability.
Businesses are beginning to recognize that the degradation and loss of natural services that support
productivity and welfare come with serious human and economic costs (TEEB, 2011; Chouinard et
al., 2011; BSR, 2011). With increasing evidence that overlooking the value of ecosystem services in
market transactions “may result in perverse decisions that encourage reliance on deteriorating
ecosystem services,” (Zhang et al. 2010a) businesses are increasingly considering ecosystem services

in their sustainability assessments and standards.

This Master’s Project contributes to more fully understanding why and how ecosystem services are
being considered in corporate sustainability. Through thorough literature reviews, tool analyses, and
primary data collection from surveys and interviews of outdoor industry companies, the report
provides a briefing on the trends driving ecosystem services considerations in corporate
sustainability; the tools enabling ecosystem services valuation in corporate processes; and the current

‘on-the-ground’ state of ecosystem services considerations within the outdoor industry.
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The research presented here has a number of implications for corporate sustainability practice.
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e TFirst and foremost, the contrast between the secondary data analysis (literature reviews and
methodological analyses) and primary data analysis (survey and interviews of participating
outdoor industry companies) suggest that ecosystem services quantification theory is

ahead of ecosystem services quantification practice.

e However, this does not imply that ecosystem services considerations in corporate
sustainability are nonexistent or stagnant. Indeed, the research presented here indicates that
ecosystem services are becoming increasingly considered in corporate sustainability
metrics and processes.

e The scientific research and technical capacity for corporate-ready ecosystem services
quantification and valuation are such that ecosystems considerations are increasingly
feasible in corporate sustainability metrics and processes.

e Moreover, environmental researchers, business experts, and individual companies alike are
recognizing the need to manage ecosystem services for risk mitigation (as indicated by
the literature review and survey results) as well as opportunity realization (as indicated by
the literature review and follow-up interviews).

e As these conditions continue to encourage integration of ecosystem services into corporate
sustainability processes, industry will continue to adopt advanced tools for improved
assessment (as illustrated by the emerging approaches to LCA and the corporate-ready
tools that incorporate ecosystem services) and pursue unique approaches to enhanced

standards (as demonstrated by the innovative consortia of the outdoor industry).
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Given the many drivers and technical quantification capacities for integrating ecosystem services into corporate
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sustainability practice presented here, industry actors should anticipate increased consideration for ecosystem

services in emerging sustainability assessments and standards. (Fig. 12)

e Production processes’ use of and impact to ecosystem services are likely to become
better quantified and thus internally accounted for and managed.

e Ecosystem services are therefore likely to become an increasingly important
consideration corporate sustainability, whether they are managed within a risk
mitigation or opportunity realization framework.

e The implications of this trend are tremendous for all industry actors, but especially
prominent for those production processes that use large amounts of land,
freshwater, and non-renewable energy sources.

e Most importantly, the emerging reality of internally accounting for and managing
ecosystem services implies a more holistic approach to firm- and product-level

corporate sustainability strategy and practice.

Ecosystem services
considerations within corporate

sustainability are likely to be . Ve
.. /resulting in
— ecosystem-
~ Increasingly inclusive
. incorporated approach to
into corporate
corporate sustainability
Better sustainability
_quantified, &  assessments
thus
internally
accounted
for and
managed

Fig. 12. Anticipated evolution of ecosystem services considerations in corporate sustainability.
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VI. Appendices
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Appendix 1: Duke Institutional Review Board Approvals: Survey & Follow-Up

Interviews

[IRB]Exemption Approval

IRB ADMINISTRATOR ors-info@duke.edu *1/&/1

to Rachel, Debbie, Jay, Tara, Robinson
Protocol : [A0824] Risks & Opportunities in Sustainable Supply Chains and Ecosystem Services

Researcher(s) :
Jay Golden(Research Staff)

Tara O'Shea(Graduate Student Researcher)
Debbie Breisblatt(Graduate Student Researcher)
Rachel Lichte(Graduate Student Researcher)

Anniversary Date : 11/7/2012

Your Request for a Screening for Exemption has been approved.

Exempt research does not require continuing review; however, you will be contacted at one-year
intervals to ask if the research is still active. We encourage you to let us know when the research
has been completed. Write to us at ors-info@duke.edu.

When conducting research approved as exempt, it is essential that researchers:

e Submit proposed changes to the IRB for review. The form,Request to Amend an
Exemption, may be submitted via email. No signatures are required. The form can be
found at <http://www.ors.duke.edu/Research-with-Human-Subjects/forms>.

There are two possible outcomes of the review of the request:
1. The proposed changes are such that the research no longer qualifies for
exemption.You will be asked to submit a Request for protocol
Approval:Expedited Review or Full Review.

2. The proposed changes do not change the status of the research as exempt.


http://ors-info@duke.edu/
http://www.ors.duke.edu/Research-with-Human-Subjects/forms

Ecosystem Services and Corporate Sustainability: In Theory and Practice

If this is the case, you will receive an Exemption Amendment Approval
notice when the amendment is approved. 60

o Notify the IRB immediately at lorna.hicks@duke.edu if there are any unanticipated risks
to subjects or deviations from the research procedures described in the protocol.

o Retain all research data,including signed consent forms, for at least five years, as required
by Duke's Data Retention Policy.

[IRB]Exemption Amendment Approval

IRB ADMINISTRATOR ors-info@duke.edu 22" 1°

to Rachel, Debbie, Jay, Tara, Lorna

Protocol : [A0824] Risks & Opportunities in Sustainable Supply Chains and Ecosystem Services

Researcher(s) :
Jay Golden(Research Staff)

Rachel Lichte(Graduate Student Researcher)
Debbie Breisblatt(Graduate Student Researcher)
Tara O'Shea(Graduate Student Researcher)

Anniversary Date : 11/7/2012

Your request to amend the exemption has been approved.
As noted in the approval of your research, it is essential that you:

e Submit additional requests to amend the protocol if further revisions to the research are
anticipated. The form,Request to Amend an Exemption, may be submitted via email. No
signatures are required. The form can be found at <http://www.ors.duke.edu/Research-
with-Human-Subjects/forms>.

« Notify the IRB immediately at lorna.hicks@duke.edu if there are any unanticipated risks
to subjects or deviations from the research procedures described in the protocol.

« Inaccordance with Duke policy, retain all research data,including signed consent forms.
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http://www.ors.duke.edu/Research-with-Human-Subjects/forms
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Appendix 2: Survey Questions & Results
61
Ecosystem Services Section and Results Raw Data Tables

Ecosystem services refer to “the benefits people obtain from ecosystems”[1]. Numerous
ecosystem services are vital to global supply chains, including water provision and filtration, climatic
stability, and resource availability. Despite this vitality, the majority of the world’s ecosystem services
are being degraded or used unsustainably. A growing body of scientific study and practical evidence
is beginning to identify overuse of deteriorating ecosystems as a significant risk to global production
processes and businesses.

Various industry stakeholders are therefore starting to recognize the critical linkages between
ecosystem services, supply chain risk, and sustainable sourcing. Through the following section of
the survey, we aim to better understand how industry members are identifying and coping with
ecosystem service risk and opportunity throughout their supply chains. We also aim to better
understand how the Apparel Index can support industry members as they begin to address
ecosystem service risks and opportunities.

[1] See Millennium Ecosystem Assessment (2005), p. 26.
http://www.maweb.otg/en/Condition.aspx

22.) Does your company have a definition of ecosystems that you use?
85 Respondents — 67%

Answer | | Response
| | | |

1 | Yes 14 17%
2 | No 59 70%
3 | Not sure 11 13%

Total 84 100%

23.) If yes, what is that definition?
10 Respondents — Out of 14 — 71%

Table Options
Text Response

It's not broadly communicated - but, we subscribe to the definition in the MEA.

the world we are living in

through bluesign certification

we are a direct supply chain working with 9000 famers in Indonesia supporting organic and sustainable farming and harvesting
The system in which business is run including the water sources, the light sources, the air , soil and people

Air, water, carbon, energy

Definition of an ecosystem is: a biological community of interacting organisms and their physical environment. Yes we use
them

Environmental impact categories
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we use an eco balance and various audits for a range of "eco" certifications
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We are a B-Corp. All our employees, vendors and the communities they do business, are important in our executive decisions.

24.) Does your company feel internal or external pressure to consider ecosystems
within sustainability and environmental assessments?
82 Respondents — 66%

e Amswer | |Response] % |

1 | Yes, internal pressure only 16%
2 | Yes, external pressure only 6 7%
3 | Yes, both internal and external pressure 28 34%
4 | No, neither internal nor external pressure 27 33%
5 | Not sure 8 10%
Total 82 100%

25.) What internal actors are pressuring your company to act on behalf of
ecosystems? (Check all that apply)
39 Respondents -- Out of 41 — 95%

Table Options
| Responsef %
| Il |
Rising costs of production due to loss or degradation of ecosystem service (e.g., need to now filtrate water
1 . - 16 41%
that was once naturally filtrated). Please explain.
Impending scarcity of raw materials due to loss or degradation of ecosystem service (e.g., low fiber crop
2. - - - 18 46%
yields due to loss of pollinator species). Please explain.
3 | Supply chain energy and material resources are increasingly bio-based (e.g., biofuels). 14 36%
4 | Need to meet internal or industry-wide commitment to common standards. 22 56%
5 | Other 15 38%
6 | None 0 0%

Impending scarcity of raw materials
due to loss or degradation of
ecosystem service (e.g., low fiber crop|
yields due to loss of pollinator

ies). Please explain.

Rising costs of production due to loss or
degradation of ecosystem service (e.g.,

need to now filtrate water that was once
naturally filtrated). Please explain.

basically just me pressuring the company

Employees are interested in working for a
company that supports the environment

Basic factors for business and societal
continuity - some actions are simply from
the perspecitve of longer term operating
capacity, rather than on behalf of
ecosystems
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ny conscience
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focus on controls that effect ecosystems is
consistent with focus on quality and
efficiency

Operation costs associated with
consumption of energy & water.

personal/business orientation to understand
ecosystem impacts as fully as possible

Vendor based issues based on supply and
demand of resources.

Cost continue to rise and more and more

Energy costs going up Scarcity =rising costs. g e e s

our own beliefs

I wish we could prove any of these in a
buseinss savvy way

Our own need to be thoughtful and
conscientious in regard to making our
products.

cost saving from alternative resources and
energy savings

For our company the pressure comes from
knowing it's the right thing to do.

The phrasing of the question makes it
challenging to answer if responder is not a
manufacturer.

high demand of all things coocnut on

Limited coconut supply the market

If we damage and over use the resources, | good example: palm oil - we don't use
they are harder to find, therefore cost it b/c forests are being destroyed to
more. grow palms.

Need to maintain water quality for
manufacturing processes

26.) What external actors are pressuring your company to act on behalf of
ecosystems? (Check all that apply)
33 Respondents -- Out of 34 — 97%

-_-
1 | Local government 18%
2 | State government 5 15%
3 | Federal government 6 18%
4 | International governmental organizations 6 18%
5 | Non-governmental organizations 15 45%
6 | Environmental activists 14 42%
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7 | Consumers 17 52%
8 | Customers 23 70% 64
9 | Investors 9 27%
10 | Board of Directors 10 30%
11 | Other 8 24%
12 | None 0 0%
Other
The Media

no one is actually pressuring but going green is the trend

There is no direct pressure but do feel indirect pressure from reporting bodies
employees

partners

Me, President of the Company

Foreign governments

Our own interest in being as environmentally friendly and sustainable as possible.

27.) Does your company have a supply chain risk mitigation plan?
82 Respondents — 66%

Table Options
# Answer | | Response | 9% |
1| Yes 27 33%
2 | No 35 43%
3 | Not sure 20 24%
Total 82 100%

28.) Does that supply chain risk mitigation plan address ecosystem services?
26 Respondents — Out of 27 — 96%

L # Answer || Response]
Yes 4

1 15%
2 | No 15 58%
3 | Not sure 7 27%

Total 26 100%
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65

29.) Does your company find that conventional environmental impact assessment
tools, such as LCA, adequately address ecosystem risks across your supply chain?
82 Respondents — 66%

[ # Answer || Response ] % |
1

Yes 12 15%
2 | No 27 33%
3 | Not sure 43 52%
Total 82 100%

The following questions refer to a variety of ecosystem services, assuming an understanding that:

- Watershed services refer to the provision and filtration of water by functional ecological
systems throughout the various stages of the water cycle;

- Resource availability refers to functional ecosystems' provision and replenishment of natural
resources, including soils, fibers, minerals, and pollination;

- Habitat provision refers to the role of functional ecosystems in providing habitat for various
species, including keystone, threatened, and commercial species;

- Climate stability refers to the stabilizing role functional ecosystems play in global climate,
including carbon sequestration.

30.) Please rank the following ecosystem services by their importance to your firm,
with 1 being the most important. (If you are not sure, you may continue on to the
next question.)

Table Options
i Answer
| | | | | | |
1 | Water and watershed services 28111, 9 4 3 55
2 | Resource replenishment 8 (2314 6 |1 52
3 | Habitat provision 17 |14 23| 3 48
4 | Climate stability 13 /13 11|15 5 57
5 | Other 7 0 1 1 12 21
Total 57 | 54 | 49 | 49 24 -

Statistic Water and watershed servicesResource replenishment/Habitat provision/Climate stabilit
1 1 1 1 1

Min Value
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Max Value 5 5
Mean 1.96 2.40
Variance 1.48 0.91
Standard Deviation 1.22 0.96
Total Responses 55 52

3.42

0.80

0.90
48

2.75

1.72

131
57

66

3.52

3.56

1.89
21

31.) Would your firm be interested in participating in a follow-up interview with
DCSC Fellow Tara O’Shea on ecosystem service considerations in your sustainability

standards and / or supply chain management?

Table Options
Answer | | Response
| | | |

1 | Yes 26
2 | No 52
Total 78

Statistic

Min Value 1
Max Value 2
Mean 1.67
Variance 0.23
Standard Deviation 0.47
Total Responses 78

If yes, please provide your contact information below.

33%
67%

100%
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