
Ecological Economics 69 (2010) 680–689

Contents lists available at ScienceDirect

Ecological Economics

j ourna l homepage: www.e lsev ie r.com/ locate /eco lecon
Survey

A conservation industry for sustaining natural capital and ecosystem services in
agricultural landscapes

Wanhong Yang a,⁎, Brett A. Bryan b, Darla Hatton MacDonald b, John R. Ward b, Geoff Wells c,
Neville D. Crossman b, Jeffrey D. Connor b

a University of Guelph, Guelph, Ontario, Canada N1G 2W1
b CSIRO Sustainable Ecosystems, PMB 2 Glen Osmond, South Australia 5064, Australia
c University of South Australia, North Terrace, Adelaide, South Australia, 5000, Australia
⁎ Corresponding author. Department of Geography,
Canada N1G 2W1. Tel.: +1 519 824 4120x53090; fax: +

E-mail address: wayang@uoguelph.ca (W. Yang).

0921-8009/$ – see front matter © 2009 Elsevier B.V. A
doi:10.1016/j.ecolecon.2009.11.028
a b s t r a c t
a r t i c l e i n f o
Article history:
Received 1 June 2009
Received in revised form 24 November 2009
Accepted 25 November 2009
Available online 12 January 2010

Keywords:
Agri-environment
Policy
Conservation industry
Market
Institutions
Society
Business
NGO
Government
Investment
Conservation investment in agricultural landscapes has evolved to take a more market-based or business
approach. However, current levels of conservation investment are not likely to mitigate degradation to
natural capital and ecosystem services. We propose the further evolution of a conservation industry to
generate substantially increased investment in conservation in agricultural landscapes, particularly from the
private sector. A mature conservation industry is envisaged as comprising of investors, producers, and
service providers who produce conservation products and services, exchanged via market transactions. A
number of requirements for a viable and effective conservation industry are identified including institutional
infrastructure (conservation market institutions and regulatory systems), information provision (quantifying
benefits, business models, and accounting and auditing standards), and facilitation (entrepreneurship
incubation and capacity building). A conservation industry requires careful design and planning in order to
operate effectively. Whilst it is not without risk, a conservation industry has the potential to increase
participation and investment in conservation actions and enhance the sustainability of agricultural
landscapes.
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1. Introduction

Ecosystems can be considered as a fund of natural capital stocks
generating flows of intermediate and final ecosystem goods and
services through time (Millennium Ecosystem Assessment, 2005;
Fisher et al., 2008, 2009; Lant et al., 2008). Natural capital stocks
include renewable and non-renewable resources such as biotic,
geologic, water, atmosphere, and land resources. Flows of ecosystem
services are classified as supporting (e.g. nutrient cycling, primary
production), regulating (e.g. natural hazard mitigation, water quali-
ty), cultural (e.g. spiritual values, recreation), and provisioning (e.g.
food, fresh water) services (Millennium Ecosystem Assessment,
2005). Stocks and flows are highly interdependent. Depreciating
stocks jeopardizes the future yields of flows, which, if beyond
replacement rates, in turn degrade the viability of the natural capital
stocks (Lant et al., 2008). In agricultural landscapes, development has
generated significant economic and social benefits but these benefits
have often come at high costs associated with deterioration of natural
capital and ecosystem services through processes such as soil erosion,
reduced quantity and quality of fresh water, salinity, and biodiversity
depletion (Tilman, 1999). From one economic perspective, degrada-
tion of natural capital and ecosystem services in agricultural land-
scapes is primarily a result of missing markets (i.e. the presence of
externalities). Hanley et al. (1997) and Bromley (1991) argue that
missing ecosystem service markets are pervasive due to a lack of fully
articulated property rights assigned to common pool resources, and
costly or incomplete information.

As a corollary, environmental markets have not evolved to a scale
sufficient to achieve levels of natural capital and production of
ecosystem services in agricultural landscapes corresponding to
prevailing social values (Kroeger and Casey, 2007). Efficient markets
require the absence of public goods, low transactions costs relative to
benefits, and adherence to the conditions of rationality, price taking,
complete information, and a complete set of markets (Ciriacy-
Wantrup, 1971; Ciriacy-Wantrup and Bishop, 1975; Common,
1995). Violation of these conditions may occur due to a range of
legal, cultural, and institutional factors. Markets for many natural
capital and ecosystem services have not fully evolved because they
breach a number of the conditions described above.

In agricultural landscapes, many provisioning services are har-
vested or extracted as discrete goods, meeting the excludability and
rival criteria of private goods (e.g. fish, timber, water, food crops). The
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values of these marketed services are revealed through the process of
mercantile exchange and the price signals of market transfer. In
contrast, flows of other non-market ecosystem services are generally
non-excludable (or costly to exclude relative to benefits) and rival in
consumption, which are attributes of common pool resources (Fisher
et al., 2009). Due to the difficulty in assigning a private right to
common pool resources, the price signals of markets do not accurately
reveal the value of the management or production of these non-
market goods and services. Ready access to market exchange results in
managers of privately owned natural capital stocks preferentially
producingmarketed ecosystem services at the expense of non-market
services. Over time, this results in the under-supply of the latter and
the long term deterioration of the natural capital stocks and
ecosystem service flows (Lant et al., 2008).

Widespread conservation measures are required to achieve
socially optimal levels of natural capital and ecosystem services and
hence, the sustainability of agricultural landscapes. In this study, we
define conservation in agricultural landscapes as the stewardship and
enhancement of privately owned natural capital stocks through
management actions such as land management, weed removal, fire
management, erosion control, restoration, and water quality man-
agement. Natural capital stocks enhanced through conservation can
increase flows of ecosystem services. However, in many agricultural
landscapes there has been an under-investment in conservation by
owners of private natural capital stocks due to the high cost and loss of
long term revenue from foregone extractive and production oppor-
tunities (Bryan et al., 2008). The private on-site benefits of
conservation are generally regarded as insufficient compensation.
The reality has been that, whilst the private owner generally incurs
the costs of conservation, many of the benefits are often uncertain,
realized over long time periods, and accrue predominately off site to
the wider community who do not share the costs.

Measures to correct this imbalance have relied on investment by
both government and non-government organizations (NGOs) as a
source of compensation for private conservation actions and/or a
change to property rights stipulating obligations of duty of care and
stewardship. Existing conservation programs in agricultural land-
scapes remain largely an adjunct component of government, reliant
on discriminatory administrative allocation as the dominant mecha-
nism for conservation investment. Governments have established
large-scale agricultural stewardship programs to provide financial
incentives to farmers for implementing conservation practices
(Heimlich and Claassen, 1998; Dobbs and Pretty, 2004; Baylis et al.,
2008; Claassen et al., 2008; Hajkowicz, 2009). In parallel, NGOs have
made considerable conservation investments in agricultural land-
scapes (Edwards and Sharp, 1990; Jepson, 2005). Market-based
approaches such as auctions, tenders, taxes and subsidies, cap and
trading schemes, and industry barrier removal have been increasingly
used to enhance the cost-effectiveness of investment in conservation
(Di Leva, 2002; Grafton, 2005; Connor et al., 2008). The primary
motivation of market-based approaches is to encourage conservation
through the price signals of markets rather than through explicit
directives associated with regulatory control (Stavins, 2002). In
theory, if environmentally appropriate behavior can be made more
rewarding to land managers, then land management behavior will
better align with more socially desirable alternatives.

In the absence of effective markets, achievement of socially
optimal levels of natural capital and ecosystem services would require
large investment of scarce public funds which are subject to
competing demands. Despite advances in the design and implemen-
tation of conservation investment through market-based approaches,
the scale and stability of public funding is not likely to be sufficient to
achieve sustainability in agricultural landscapes (McNeely and
Weatherly, 1996; Ellison and Daily, 2003; Martin, 2007). Hence,
new thinking is required on the development of institutions with the
potential to substantially increase investment in conservation of
natural capital and ecosystem services in agricultural landscapes
(Turner and Daily, 2008; Daily et al., 2009).

In this paper, we suggest an alternative approach to prime and
facilitate the further development of markets and complementary
institutions towards a conservation industry. A conservation industry
relies on market institutions to both stimulate substantially increased
and persistent conservation in agricultural landscapes and sufficiently
compensate the owners of private natural capital (Dietz et al., 2003;
Lant et al., 2008). Existing conservation markets are largely ad hoc,
periodic, and of limited scale and participation. The next crucial step
for decision makers in governments is to establish broad-based,
ongoing market institutions for the large-scale production and
exchange of conservation products for enhancing natural capital and
ecosystem services in agricultural landscapes.

We review the evolution of conservation investment in agricul-
tural landscapes and establish the need for an alternative approach. A
conceptual framework describing the operational elements of a
conservation industry is then developed. We envisage a mature
conservation industry comprising many investors, producers, and
service providers. These agents exchange conservation products (e.g.
hectares of habitat restored, units of water quality improvement) and
services (e.g. brokerage, information provision, contractors) produced
in response to price signals that conserve the functional integrity of
natural capital and the production of ecosystem services. A number of
requirements for the evolution of a conservation industry are then
outlined. Specifically, there will need to be, institutional infrastructure
including market institutions and regulatory systems; information
provision including the clear quantification of environmental and
social benefits and costs, development of business models, and
accounting and auditing standards; and stimuli to promote entrepre-
neurial incubation. The lack of a naturally evolvedmarket implies that
a conservation industry is likely to require careful design and planning
in order to operate effectively to minimize perverse outcomes, market
distortions and degrees of market failure (Edwards, 1995; Di Leva,
2002; Gatzweiler, 2006). Extending the co-development theories of
Rosenstein-Rodan (1943) and Scitovsky (1954) to missing conserva-
tion markets provides some insight into the role of governments in
developing the rules of exchange, information provision and regula-
tions to foster the development of a conservation industry. Finally, key
challenges and cautions associated with a conservation industry are
identified and discussed.

2. Evolution of Conservation Investment

2.1. Government Investment

Government programs including agricultural stewardship schemes
and payments for ecosystem services aim to motivate conservation
actions on private land generating substantial public benefits, often
occurring off-farm or downstream. In the United States, government
conservation programs such as the Conservation Reserve Program
focus on soil conservation, water and air quality improvement, and
wildlife habitat management (Claassen et al., 2008). In the European
Union, agri-environmental schemes aim to improve the multi-
functionality of agricultural landscapes (Dobbs and Pretty, 2004;
Baylis et al., 2008). The main objectives of Australian natural resource
management programs have been to reduce salinity, improve water
quality, and protect biodiversity (Hajkowicz, 2009).

A countervailing view criticizes government for not taking
sufficient account of cost-effectiveness in conservation investment
(GAO, 2002, 2006; Kirwan et al., 2005; ANAO, 2008; Baylis et al., 2008;
Hajkowicz, 2009). Whilst some improvements have been made,
several dominant institutional barriers continue to limit the cost-
effectiveness of government agricultural conservation programs. First,
dual and often conflicting goals of producer support and environ-
mental improvement have been common amongst conservation



682 W. Yang et al. / Ecological Economics 69 (2010) 680–689
programs (Baylis et al., 2008; Claassen et al., 2008). The benefits of
agricultural production may trump the environmental benefits of
investment when the two goals conflict. Second, limited spatial
targeting of government investment in conservation programs has
resulted in overpayment in some locations and underpayment in
others, relative to the environmental benefits achieved (McCann and
Easter, 2000; McCann et al., 2005; Baylis et al., 2008; Claassen et al.,
2008). Third, limited monitoring and enforcement has also reduced
the effectiveness of conservation programs due to inappropriate land
management actions and non-compliance with contractual obliga-
tions (Claassen et al., 2008). Fourth, indices of program performance
typically include the total number of participants, area covered, or the
amount of funding spent (Heimlich and Claassen, 1998) rather than
return on investment. In addition, the short term nature of funding
cycles has often prioritized the timely acquittal of funds ahead of
maximizing environmental benefits.

2.2. Markets for Conservation

The innovative use of market-based approaches to government
investment in conservation has made substantial advances towards
improved cost-effectiveness (daMotta et al., 1999; Stavins, 2002). The
United States Conservation Reserve Program exemplifies an early
application of a market-based instrument approach. Within the
program, farmers with eligible land voluntarily submit bids for
conservation contracts. These bids are screened based on an
environmental benefits index (EBI) that is composed of erosion,
water quality, air quality, wildlife, cost, and other factors, and
contracts with EBI scores above a cutoff level are selected to be
enrolled into the program (Claassen et al., 2008). These market-based
programs have since expanded into other countries, including
Australia (e.g. Stoneham et al., 2003; Windle and Rolfe, 2008). The
most comprehensive experimentation was conducted in Australia
through the National Market-Based Instruments Pilot Program.
Instruments trialed included auctions, cap and trade, offsets, leverage
funds, and conservation insurance. Environmental problems
addressed include biodiversity conservation, salinity mitigation,
wetland rehabilitation, environmental water allocation, and in-
stream nutrient reduction. Market-based instruments, particularly
through competitive mechanisms and measurement of environmen-
tal benefits, have led to some increases in cost-effectiveness of
conservation investment despite high transaction costs (Grafton,
2005; Connor et al., 2008; Ward et al., 2008; Windle and Rolfe, 2008).

Independent environmental markets have been established for
biodiversity (Stoneham et al., 2003; ten Kate et al., 2004; Carroll et al.,
2007), wetlands (Robertson, 2004; Ruhl and Gregg, 2001), point and
non-point source pollution (Martin, 2007), water (Bjornlund, 2003),
carbon (Wara, 2007), and ecosystem services (Tallis et al., 2009). A
promising opportunity for expanding and integrating these markets
has emerged in compliance markets under the Kyoto protocol.
Certified projects in developing countries are being established
under the Clean Development Mechanism or CDM (Kirby, 2008).
The primary objective of the CDM is to reduce greenhouse gas
emissions with flow-on benefits to developing countries in terms of
technology transfer and local economic development. In some cases,
some CDM projects that include land management and reforestation
efforts will produce attendant biodiversity benefits. However, the
strict requirements and high transaction and compliance costs have
limited the number of CDM projects (Kirby, 2008). In parallel, there
has been rapid evolution of voluntary carbon markets and various
carbon verification and accreditation systems, such as the Voluntary
Carbon Standard that uses some CDM methodologies in its accred-
itation protocols. The Gold Standard, another voluntary carbon
system, has an independent verification, registry and tracking of
emission reductions. There is potential for the development of
biodiversity accreditation systems. The Community, Conservation
and Biodiversity Alliance provides add-on accreditation to Voluntary
Carbon System projects with social and environmental benefits. There
is room in the carbon market for rigorous accreditation systems for
complementary biodiversity and conservation efforts. Accreditation
will not fully address under-investment due to the public good nature
of the actions but will define a credible product for the market
segments that exist. Incentives or regulation (underpinning cap and
trade) will be required to achieve optimal investment from the
perspective of society.

2.3. Non-Government Organizations

Non-government organizations have also made significant con-
servation investments in agricultural landscapes, particularly in land
preservation. The Nature Conservancy, Sierra Club, and World
Wildlife Fund have international reach and have developed extensive
land reserves (Edwards, 1995; Jepson, 2005). These NGOs receive
funding from individuals, corporations, governments, and other
sources. NGOs have typically developed their own conservation
investment niche that reflects the interests of donors, including
special interest groups. For example, Ducks Unlimited specializes in
protecting wetland habitat for waterfowl and natural values (Gabor et
al., 2004). These organizations have applied business strategies and
models to conservation investment such as raising funds, identifying
spatial priorities for conservation investments, working with private
land managers on program implementation, and monitoring and
evaluating outcomes (Edwards, 1995). Conservation investment by
NGOs supplements government programs and is playing an increas-
ingly important role in the conservation of agricultural landscapes
(Jepson, 2005).

2.4. Private Investment

Various forms of private investment have already contributed to
conservation in agricultural landscapes. Landholders, acting either
individually or in cooperatives, have invested in agricultural conser-
vation. There has also been an increased focus on green investment by
financial institutions motivated by corporate social responsibility,
public image, and/or regulatory requirements (Reinhardt et al.,
2008). In recent years, private enterprises have emerged with the
dual aims of turning a profit and producing conservation benefits
(Bishop et al., 2008). For example, the Conservation Fund in the
United States provides loans specifically for conservation projects
(Salafsky et al., 2002). In Hawaii, a timber extraction business was
developed to profit from a portion of Koa forest with income used to
protect a larger area of forest for biodiversity (Goldstein et al., 2006).
These developments represent a new direction in conservation
investment.

2.5. Business Approaches to Conservation

Above we describe the evolution of a business approach to
conservation that places cost-effectiveness at the center of investment
planning — but where to from here for conservation in agricultural
landscapes? It is likely that governments will continue to be the
primary investor in conservation, complemented by NGO and private
investment, unless there are significant changes to national regulatory
frameworks with respect to requirements for private investment.
Some potential exists for the further development and application of
market-based instruments and removal of institutional barriers to
achieve greater environmental benefits from government conserva-
tion investments (Mulder and Coppolillo, 2005). However, it is
unlikely that government investment will be able to meet the
increasing societal demands for conservation (Martin, 2007) to halt
the degradation of natural capital and ecosystem services in a timely
manner.
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An alternative approach is to refocus government conservation
investment towards market evolution and the establishment of a
fully-fledged conservation industry. In the long term, development of
a conservation industry with the capacity to attract large-scale
investment from non-governmental sources is required to ultimately
secure the natural capital and ecosystem services, enhance the
sustainability of agricultural landscapes, and support productivity
and stability of the broader economy. Below we describe the key
elements necessary for establishing a viable and effective conserva-
tion industry that increases and sustains large-scale investment in
conservation.

3. Elements of a Conservation Industry

A conservation industry (outside box in Fig. 1) would include
corporate enterprises, private landholders, NGOs, government, and
the general public. As shown in Fig. 1, these agents can take on
different roles including investors, producers, and service providers
(internal boxes in Fig. 1). Agents are connected through markets
where exchanges of conservation products and services, information,
and money occur (arrows in Fig. 1).

3.1. Conservation Investors

Conservation investors, including governments, NGOs, and private
investors provide funds to other agents for producing conservation
products. Traditional conservation programs have invested directly in
on-groundworks that enhance natural capital and ecosystem services
without defining tradable conservation products. It is likely that
governments will continue to be a significant investor in conservation
Fig. 1. A conceptual framework
as a substantial proportion of benefits derived from the conservation
of natural resources accrues to the general public. However, it is not
necessary that governments fund all conservation measures
(Edwards, 1995). There needs to be a substantially increased role
for private investment in order to address the large-scale degradation
of natural capital and ecosystem services in agricultural landscapes.

Private conservation investments can be motivated by a range of
factors including social responsibility, reputation, risk management,
public image, and regulatory requirements. In particular, regulation is
a key mechanism for transforming public conservation goods into
private goods for which a market could form. On one hand, regulation
generates demand, and therefore value, for conservation products and
induces private investment in conservation. On the other hand,
regulation also facilitates the development of trading rules for market
transactions. Internationally, the Kyoto protocol and caps on emis-
sions have fostered the definition of carbon credits as conservation
products and related carbon trading in order to meet regulatory
requirements with cost savings (Wara, 2007; Kirby, 2008). In the U.S.,
wetland mitigation banking as a business opportunity is possible only
because of wetland mitigation requirements under the Clean Water
Act (Ruhl and Gregg, 2001). Likewise, water quality trading typically
involves point sources, which are regulated with respect to discharge.
In a limited number of cases point sources have been allowed to meet
water quality requirements through purchase of credits from diffuse
sources such as farmers in the same watershed. Changes in land
management are effectively translated into a water quality protection
product (Ribaudo et al., 2008).

Indeed, conservation investment may generate significant eco-
nomic returns in addition to meeting regulatory requirements. For
example, New York City's investment in upstream watersheds
of a conservation industry.
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exemplified the significant cost savings compared with the avoided
cost of new water treatment plants (Chichilinisky and Heal, 1998).
Whilst private businesses cannot fully capture the value of ecological
goods and services due to their public nature, partial realization of
these values through conservation markets could provide measurable
incentives for private investors. In particular, regulations and
institutional arrangements which allow investors to capture potential
savings or capitalize on the heterogeneity of cost savings across
landscapes through trade are crucial. Private conservation investment
not only provides supplementary funds to costly ecosystem conser-
vation and restoration but also helps internalize the negative
externalities of production.

With further development, investment institutions, including fund
managers and corporate enterprises, may increasingly conduct
specialized conservation investment in agricultural landscapes with
business operations similar to that of other investment enterprises.
Ownership equities on conservation investments can be calculated
because conservation products tradable in markets have monetary
values that can enter into business balance sheets as assets and
liabilities. In parallel, financial performance indicators such as return
on investment and cost to benefit ratios of conservation investment
can be evaluated.

Market-based conservation investments may also change the role
of NGOs and governments. Traditionally conservation NGOs provide a
channel for investment to meet societal demands for conservation. A
conservation industry could aim to widen these investment channels
to include a larger number of private agents (McQueen andMcMahon,
2003; Martin, 2007). Furthermore, government funds can be used
strategically to support and leverage conservation investments from
private sources (Murtough et al., 2002).

3.2. Conservation Producers

Producers in a conservation industry centered on agricultural
landscapes will primarily be private landholders but may include
conservation enterprises and NGOs. Conservation products may be
only one of multiple outputs of their business operations (Bryan et al.,
2008). For example, consider a cereal crop farmer who adopted
conservation tillage practices on sloping land to enhance the soil
capital stock. The farmer will continue to produce agricultural
products (i.e. grain — a marketed ecosystem service) but will also
produce other non-market ecosystem services such as soil erosion
mitigation, carbon retention, and water quality improvement as
conservation products (Yang et al., 2005a). The profits of conservation
producers would be defined by the margin between the revenues and
production costs associated with both traditional agricultural and
conservation products. With proper institutional arrangements,
conservation demand for conservation products such as carbon
and/or biodiversity credits can be generated. Then producers would
be motivated to conduct business operations for achieving cost-
effective conservation actions through minimizing production costs
and maximizing revenue from enhanced ecosystem services. The
profit generationmechanism created through a conservation industry
is a shift from previous subsidy type of programs such as the US
Conservation Reserve Program because of the financial flows
generated from increased demand for conservation products. Addi-
tionally, entrepreneurial enterprises could be developed that special-
ize in production of conservation goods. These enterprises would
develop business operations similar to other industries because they
trade conservation products of value. An example is the trading of
biodiversity and carbon credits generated by the ecological restora-
tion of degraded agricultural land either purchased or leased by the
entrepreneurial enterprise.

Conservation products may be considered as enhancements to
natural capital which generate a suite of primarily non-marketed
ecosystem services. A key challenge that producers face is to develop
innovative conservation products that are tradable in a market.
Existing conservation products meet specific demand in conservation
markets, including measured reductions in pollutant concentrations,
carbon credits, biodiversity credits, recreational and amenity oppor-
tunities (Grafton, 2005). However, a wider set of conservation
products that includes non-marketed ecosystem services with both
use and non-use values are currently difficult to capture as tradable
products and exchange between regions and biomes. Much work will
be required to clearly define the property rights associated with the
wider array of conservation products (Edwards, 1995; Murtough
et al., 2002). Creative development of conservation products may
induce further societal demand and attract further investment. For
example, eco-labelling targets a particular market segment that is
willing to pay a premium for energy efficiency or environmentally
sensitive production processes (Diamantis, 1998; Bjørner et al., 2004;
Sammer and Wüstenhagen, 2006).

3.3. Conservation Service Providers

Conservation service providers include governments, NGOs,
research institutions, and consulting firms. Conservation service
providers would specialize in roles that facilitate the exchange of
conservation products. Voluntary carbon markets have demonstrated
that a variety of standards can be developed by NGOs, consulting firms
and others to address the problems of product verification, auditing,
monitoring and accreditation. In this context, the market has
identified the need for environmental products that can be clearly
understood by all participants in mercantile exchange, including
producers, purchasers and regulatory (or sanctioning) agencies. As an
example of a conservation service provider, the Chicago Climate
Exchange Inc. was established as a private carbon market clearance
business to facilitate market transactions for carbon producers and
investors in the voluntary carbon market (Young, 2003).

As a conservation industry evolves, service providers are likely to
display an increasing number of specialized skills to support
conservation producers and investors. Governments and research
institutions will continue to play an important role in providing public
good research such as developing more sophisticated quantitative
measures of environmental benefits and value of conservation
products. Increased demand for conservation products would provide
many opportunities for the growth of conservation service providers.
Growth may be evident in public institutions, private enterprise, and
mixed public–private partnerships. For example, we may see the
emergence of private enterprises that specialize in brokering and
packaging conservation products for investors. Economies of scale
could be gained from coordinating the actions of smaller individual
producers into larger, more targeted and strategic action that achieves
landscape-scale change in specific regions. As a conservation industry
develops, conservation service provision may come increasingly from
the private sector with a market-oriented focus in seeking business
partnerships and commercial arrangements.

3.4. Conservation Markets

A well developed and functioning market is central to a viable and
effective conservation industry. A conservation market provides the
opportunity for producers, investors and service providers to
exchange conservation products in response to information revealed
as price signals. Efficient conservation markets coordinate individual
actions into collective outcomes that correspond with social values.
Initially, market transactions are likely to be limited to a few natural
capital and ecosystem service values. New business opportunities that
cover a broader range of conservation values of producers and service
providers could be realized providing that there are advances in
regulatory design and innovation in the development of conservation
markets. A closer approximation of the economic value and a more
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complete ensemble of ecosystem services may be gradually revealed
and exploited through markets.

Conservation markets may develop and evolve at various spatial
scales due to heterogeneities in agricultural landscapes and environ-
mental and ecological problems.Marketsmay initially develop at local
scales and then extend to or connect with regional, national, and
international markets. In addition, single product (e.g. carbon) and
multi-product (e.g. carbon, biodiversity, and water quality) markets
may also develop due to the interdependencies of natural capital
stocks and the flow of ecosystem services. Ultimately, conservation for
enhancing natural capital stocks and the flow of ecosystem services in
agricultural landscapes may contribute to several overlapping
objectives at multiple scales. For example, the restoration of native
habitat on a portion of farmland may be traded in local soil erosion
and biodiversity markets, basin-wide river salinity, and global carbon
markets.

Conservation markets should provide a competitive environment
for improving cost-effectiveness of a conservation industry. With
numerous conservation producers, competition will motivate inves-
tors to direct funds to projects and areas that maximize conservation
benefits and hence, financial returns, within a finite budget.
Competition will also motivate conservation producers to minimize
costs in benefit provision in order to achieve higher net returns. As in
other business sectors, a conservation industry also provides an
institution for developing entrepreneurship with which innovative
approaches are developed for improving cost-effectiveness of con-
servation investments, production, service provision, and market
transactions (Schaper, 2002).

The development of a conservation industry offers opportunities
for market information development. Conservation agents need to
examine and learn about the price, costs and benefits of conservation
products in order to make market transactions (Edwards, 1995). The
price signals of conservation assets or products may be gradually
established. Price signals may capture heterogeneities of conservation
costs and benefits across projects, sectors, and locations and direct
cost-effective conservation investments.

4. Requirements of a Conservation Industry

4.1. Institutional and Regulatory Systems

4.1.1. Market Institutions
Institutional rules need to be defined for conservation markets to

operate effectively. This includes establishing trading rules, a regime
of clearly defined property rights specific to natural capital and
ecosystem services, and mechanisms to enforce contracts and settle
ownership disputes (Di Leva, 2002; Jenkins et al., 2004). Institutional
rules also determine the transaction costs of conservation (Boyd and
Simpson, 1999). Past government conservation programs have been
characterized by high (or informally quantified) transaction costs of
participation relative to benefits (McCann and Easter, 2000). In past
programs, transaction costs have been incurred in the gathering of
information prior to market transaction, in the process of exchange,
and in the costs of monitoring and enforcement (Connor et al., 2008).
Design principles that minimize the transaction costs of participation
present an opportunity for conservation service providers to develop
new services and approaches (Brown and Mitchell, 2000). In
traditional conservation programs, transaction costs are static which
are part of the conservation investments without financial returns.
Therefore those transaction costs become sunk costs associated with
conservation investments. However, in a conservation industry,
transaction costs become part of conservation services and become
dynamic costs for generating financial benefits from conservation
investments.

Complementing market development, modifications to taxation
systems may be required to govern different conservation agents and
products in different market development stages (e.g. research and
development) to enhance investment in conservation. In addition,
legal frameworks governing the operation of conservation agents
need to be modified. According to business law, a firm has no legal
basis to sacrifice profits for social interests such as environmental or
conservation investments without shareholder knowledge and
approval (Reinhardt et al., 2008). In recent years, environmental
investments of firmswere justified as costs associatedwith promoting
public image or complying with social obligations. Furthermore, there
are no specified rules for conservation products such as pollution
control or biodiversity credits to enter into the asset balance tables of
corporations (Aretino et al., 2001). As a conservation industry
develops, business law needs to evolve to formalize conservation-
based decisions as part of regular business activity and establish
corresponding conservation accounting standards.

4.1.2. Regulatory Systems
Governance and regulatory rules need to be defined to facilitate

the development of private enterprises or public–private partnership,
to establish a marketplace (virtual or physical), and support product
certification, monitoring, and enforcement. Regulation will also need
to be in place to prevent perverse outcomes such as the monopoli-
zation and continued degradation of natural capital and ecosystem
services. Governments will need to have an ongoing watchdog role to
ensure market equity in ownership of public goods and prevent land
management actions that have unintended deleterious impacts to
natural capital and ecosystem services. There are existing regulatory
authorities that have a market watchdog role. For example, the
Australian Competition and Consumer Commission administers the
Trade Practices Act 1974 that ensures individuals and organizations
comply with competition, fair trading and consumer protection laws.

Regulation is essential for creating value by quantifying the
scarcity of natural capital and ecosystem services and generating
investment in conservation in agricultural landscapes. One regulatory
mechanism for informing agents of relative scarcity and value in
common pool resources has been the establishment of a cap on
resource use. Generally, cap and trade schemes distribute a quantum
of resource credits to scheme participants with an obligation to
surrender that quantum at the end of a stipulated accounting period.
Participants are able to choose to manage so as to produce a surplus,
which is available to trade with those that choose to manage so as to
be in deficit. Caps on use of natural capital assets and ecosystem
services may be established at a range of scales. For example, Ward
et al. (2008) established a cap on drainage in a small catchment in
southern Australia to mitigate dryland salinity. A cap on diversions
has been used to manage water resources and facilitate water trade at
a large river basin scale in the Australian Murray Darling Basin
(MDBMC, 1996). Trade in carbon emission reductions under the Kyoto
protocol is an example of a series of national caps of Annex I countries
(Annex II countries have not accepted emission targets). Minimum
standards (e.g. critical natural capital, targets, minimum viable areas,
etc.) have been widely established to direct conservation and natural
resource management as a basis for ensuring the sustainability of
agricultural landscapes (MacDonald et al., 1999; Bates, 2001; Bryan
and Crossman, 2008). However, these regulatory requirements may
be difficult to implement or enforce over large and heterogeneous
agricultural landscapes. Minimum standards have an important
ongoing role in a conservation industry in providing a basis for
regulation. The identification of critical levels of natural capital given
the inherent uncertainty can inform the setting of regulatory caps at
safe minimum levels. This may both create scarcity and value in
conservation of natural capital and non-marketed ecosystem services.
Efficient market exchange is left to determine the clearance price.
However, a challenge exists in capturing the spatial heterogeneity in
the production and value of natural capital and ecosystem services
across agricultural landscapes (e.g. Meyer and Mullinax, 1999).
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4.2. Information Provision

4.2.1. Quantifying Benefits
Information and uncertainty remain large potential barriers to the

successful evolution of environmental markets. Demand for conser-
vation products will be severely diminished if there is uncertainty
about the key characteristics of the product, such as the certainty
surrounding the environmental outcome. Insufficient information as a
cause of market failure may represent fundamental scientific
uncertainty, or the limits of individual knowledge in a complex and
dynamic world. Rapid and accurate quantification of the benefits of
conservation for natural capital and ecosystem services is a funda-
mental requirement of a viable and effective conservation industry
(Carpenter et al., 2009; Daily et al., 2009). This information provides
the foundation of a conservation industry supporting market
transactions, product definition, cost-effective investment and pro-
duction decision-making, performance evaluation, and accounting
and auditing processes. However, producing robust information of
this kind is challenging because of the temporally dynamic, multi-
scale and interdependent nature of ecosystem processes (Kroeger and
Casey, 2007). Uncertainty and risk associated with conservation
information are likely to be persistent. This is common to other
markets (e.g. financial markets). It is imperative that this uncertainty
does not delay the development of a conservation industry. Rather,
uncertainty in conservation information needs to be built into product
definition and trading. Tools and strategies from other risky markets
(e.g. options, hedging) may also be developed to manage uncertainty
in a conservation industry.

Science underpinning the quantification of the benefits of
conservation for enhancing natural capital assets and ecosystem
services will require further development to support a conservation
industry (Carpenter et al., 2009; Daily et al., 2009). Government
conservation programs have used simplified and indirect measures to
target investment (Hajkowicz et al., 2009). For example, the
allocation of funds in European Union agri-environment policy is
based on the potential to generate environmental benefits from
changes in land management (Baylis et al., 2008). The United States
Conservation Reserve Program targets investment using the Envi-
ronmental Benefits Index. This index employs an array of indicators
including wildlife, water quality, erosion, and air quality to directly
link land management to the provision of conservation benefits
(Claassen et al., 2008). In Australia, the National Market-Based
Instruments Pilot Program has developed methodologies and
indicators for defining environmental benefits of conservation actions
for non-point source pollution, salinity, biodiversity and other
objectives (Grafton, 2005). However, access to information on
conservation outcomes may become necessary for the development
of a conservation industry.

The importance of outcome-based information in agricultural
conservation programs has been recognized. The United States
Conservation Effects Assessment Program was established in 2004
to examine conservation effects with an extensive network of 48
watersheds. Both monitoring and modeling efforts were conducted to
better understand the efficacy of land management actions for
conservation. The Canadian Watershed Evaluation of Best Manage-
ment Practices program was established in 2004 with a network of
seven watersheds across the country. The purpose of this program
was to set up monitoring stations, implementing best management
practices, and evaluating both economic and environmental effects of
best management practices (Yang et al., 2007). New modeling
techniques have recently been presented which enable increased
sophistication in quantifying natural capital and ecosystem service
benefits (Crossman and Bryan, 2009; Nelson et al., 2009). However, a
major problem with outcome-based assessment that must be
managed is that conservation occurs now but outcomes arise well
into the future.
A key issue that will need to be addressed is who provides this
information. In environmental markets characterized by dynamic and
complex processes, government provision and dissemination of
information at economies of scale may be the least cost solution
(Perman et al., 2003). That is, without government underwriting, the
cost to individuals of obtaining accurate information to complete
market transactions may be prohibitive. The incentives for unregu-
lated markets to provide sufficient information may be too weak or
diffuse, introducing the opportunity for governments to catalyze
natural resource markets in a co-development role as proposed by
Scitovsky (1954).

4.2.2. Conservation Business Models
For conservation investors, a typical scenario may be to direct

investments to projects that maximize the value of conservation
products or financial returns. An investment decision model similar to
that of non-conservation businesses may be followed. The basic steps
include specifying investment objectives and constraints, listing
possible options, evaluating and prioritizing options, identifying the
optimal portfolio of investment options, and evaluating investment
outcomes (Possingham, 2001). Spatial targeting is recognized as a
way to improve the cost-effectiveness of conservation investments in
agricultural landscapes (Wünscher et al., 2008; Crossman and Bryan,
2009). Spatial targeting based on maximizing benefit to cost ratios
have been found to be more cost-effective than both benefit
maximization and cost minimization approaches due to heterogene-
ity of landscape conditions (Babcock et al., 1996; Yang et al., 2005b;
Bryan and Crossman, 2008). The prioritization of investment based on
high benefit–cost ratios may achieve greater environmental benefits
and profits for investors.

For conservation producers, business models need to be developed
to guide production processes involving conservationmeasures, input
costs, technology, and outputs in order to maximize net returns from
conservation. For example, net returns of switching from cropping to
tree planting needs to consider opportunity costs (forgone cropping
returns), plantation costs, time period for tree growth, returns from
tree cutting, conservation products as measured by water savings,
water quality improvement, and carbon credits (Bryan et al., 2008).
Also, business models involve developing marketable conservation
products for profit making. For example, an ecotourism business can
define visiting opportunities as a conservation product to attract
customers (Diamantis, 1998).

For conservation service providers, business models need to be
developed that define specialization and expertise for serving
conservation investors, producers, and markets. For example, services
could be developed for data provision, decision support, monitoring,
enforcement, certification, market clearance, advertising, and others
(Edwards, 1995).

Translation of the principles, structure, and elements of a
conservation industry into business practice is likely to generate a
diversity of business models which incorporate, to varying degrees,
trading in a conservation market. Some business models will be
directed to value creation (Martin and Petty, 2000). Firms may
purchase conservation products as inputs to the business such as a
downstream user of water paying upstream watershed custodians for
maintaining water quality. Firms may also develop alliances with
conservation providers to protect their resource base, as in seafood
manufacturers working with sustainable fisheries. Other business
models may be directed to building investment portfolios (Damo-
daran, 2006). For example, firmsmay invest in conservation providers
where projected demand and cash flows indicate an undervalued
stock. Companies which have secured their resource base through
investment and alliances may well attract direct investment because
of their reduced risks and costs, and increased opportunities. Where
conservation markets are brought into existence by government
regulation, similar incentives may apply. For example, firms
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generating value through biodiversity credits where scarcity is
signaled by government policy, may attract investment if they are
seen as undervalued as a well-managed repository of biodiversity
credits is likely to increase in value over time. We note that all these
models, properly defined, enter business analysis through the normal
tools of corporate strategy and finance (Peirson et al., 2006). A full
taxonomy and analysis of conservation business models will be a key
task of subsequent work, informed by the general principles laid out
in this paper.

4.2.3. Conservation Accounting and Auditing
Financial accounting, auditing, and reporting are standard prac-

tices for firms (Bottom, 1998). However, accounting and auditing of
conservation agents may be challenging due to the difficulties in
quantifying conservation products related to natural capital and
ecosystem service values (Burritt and Cummings, 2002). As a result,
conservation programs have commonly been evaluated by simple
measures such as area under conservation, the amount of money
invested, or the number of participants (Christensen, 2003; Claassen
et al., 2008). In recent years, calls for standard practices for
accounting, auditing, and evaluation of conservation of natural capital
stock and ecosystem services have been made (Salafsky and
Margoluis, 2003; Jepson, 2005; Stem et al., 2005; Boyd and Banzhaf,
2007). The emergence of voluntary environmental reporting in
corporate businesses represents a relatively new direction in
conservation accounting and auditing. An example is the new
initiative to have large corporations report on their perceived
corporate risk and exposure to climate change and the carbon
economy. Efforts to standardize the auditing, reporting and manage-
ment options of these risks are central to the aspirations of the Global
Reporting Initiative and Carbon Disclosure Project (CDP, 2009) and
development of tradable environmental goods.

Low cost, robust, and compulsory accounting and auditing systems
will need to be developed for measuring and reporting the
performance of conservation investors, producers, and service
providers. The values of conservation products can be assessed and
entered into asset balance tables of conservation enterprises. Financial
reports or investment reports may be developed to document the
processes of conservation investment, production or service provision
such as input and output relationships and intermediate steps. An
adaptive process to gradually refine accounting and auditing
processes may be needed to overcome early difficulties in book-
keeping (Speckbacher, 2003).

4.3. Facilitation

4.3.1. Incubation of Conservation Entrepreneurship
Entrepreneurship is a concept associated with profit making, early

adoption, and risk taking in business development. Recently, the
concept has been extended to characterize those endeavors that
maximize the social benefits from limited resources as social
entrepreneurship (Schaper, 2002) and ecopreneurship in the context
of green businesses (Isaak, 2002). Innovative business approaches to
conservation in agricultural landscapes have also been characterized
as conservation entrepreneurship (Rinehart and Pompe, 1997). In a
conservation industry, entrepreneurs and entrepreneurial enterprises
seek new business opportunities, assemble resources, conduct
conservation investments, production or service provision, and
achieve both financial and public benefit goals.

Governments have a role in supporting the development of
conservation entrepreneurs, entrepreneurial enterprises, and entre-
preneurship (Seidl et al., 2003). Public resources may be used to
develop incubators that foster innovation in conservation business
enterprises (Friedman, 2000). Government investment may also be
redirected to develop entrepreneurial conservation enterprises
through start-up grants, leverage and venture funds. The conservation
entrepreneurs may be evaluated on their projected financial perfor-
mance and the conservation of natural capital and ecosystem services.

4.3.2. Capacity Building
Capacity building is important for facilitating a viable and effective

conservation industry. It involves equipping investors, producers, and
service providers with the necessary skills for conducting transactions
in a conservation market. Governments have had a long history in
investing in capacity building. Mechanisms such as information
centers and extension networks provide information and other
services to improve private landowners' skills in implementing
conservation practices (Jänicke and Weidner, 1997). NGOs have also
undertaken capacity building activities to help partners implement
conservation projects (Edwards, 1995; Corso et al., 2004). A strong
capacity building program should underpin all aspects of a conser-
vation industry including securing funds, developing businessmodels,
investment decision support, communication, monitoring, accounting
and auditing. Capacity building mechanisms such as extension,
training, support networks, and knowledge brokering need to be
established on national, regional and local levels (Salafsky et al.,
2002). Capacity building may become part of a business sector of
conservation service provision with the maturing of a conservation
industry.

5. Cautionary Notes

Much existing conservation is voluntary and undertaken irrespec-
tive of economic incentives. Typically labor is the major volunteering
contribution, compared to other potential inputs such as materials
and equipment. Caution is required to ensure a conservation industry
does not crowd out, discourage or jeopardize the voluntary
conservation efforts of many private landholders in agricultural
landscapes (Reeson and Tisdell, 2008). For example, over 4,000
community groups involving over 120,000 farmers and other
community members, participated in the Australian Landcare Pro-
gram for sustaining farmland and biodiversity (Curtis and Van
Nouhuys, 1999). Experiences in Australia's Landcare programs have
shown that inadequate resourcing of information, support and
materials can also significantly discourage conservation volunteering
and eventually cause failure in volunteer contribution (Byron et al.,
2001; Byron and Curtis, 2002). A conservation industry has the
potential to provide non-governmental financing of the infrastructure
of voluntary conservation without crowding out labor contributions.
The wider volunteer sector is also a large and important contributor to
conservation programs (Latteier, 2001; Pattengill-Semmens and
Semmens, 2003).

Certification and training is one complementary approach to
encourage involvement of volunteers in data collection, water
sampling, and monitoring of landscape changes. The sequencing of
both financial and non-financial incentives (e.g. through group
payments, social recognition in the community) will need to be
encouraged to maintain existing social cohesion in communities and
prevent crowding out (Ward et al., 2008; Reeson and Tisdell, 2008).
These innovative incentive combinations introduce both pecuniary
and non-pecuniary rewards to private landholders who undertake
substantially more conservation than is required or stipulated as
contractual obligations.

6. Conclusion

Government investment in conservation in agricultural landscapes
has evolved to incorporate market-based approaches that when well
designed and implemented, have the potential to increase scheme
cost-effectiveness. The air of confrontation and conflict that charac-
terized previous attitudes of environmental and non-government
groups towards markets has begun to recede. In parallel with private
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enterprises, many involved in environmental activities have come to
realize that markets can be harnessed and channeled towards the
achievement of environmental goals. The noted change in attitude
culminated in widespread recognition that carefully designed
markets can be turned into a powerful ally and paradoxically correct
past market failures. Subject to controversy and debate a decade ago
(Keohane et al., 1998), markets for conservation have evolved to the
point of becoming received wisdom in many environmental policy
circles (Stavins, 2003). As a result, leading environmental groups and
regulators have more widely endorsed and implemented business
approaches to increase investment in conservation. Whilst these
developments have demonstrated the potential of markets and
business approaches, they have not resulted in conservation invest-
ment on the scale required to mitigate the degradation of natural
capital stocks and flows of ecosystem services, and achieve sustain-
ability in agricultural landscapes.

A conservation industry provides an alternative for increasing and
sustaining investments in agricultural landscapes to meet societal
demand for conservation. A conservation industry has the potential to
engage governments, firms, and the general public to materialize
conservation demand into investment that enhances natural capital
assets and improves the provision of ecosystem services. A conser-
vation industry consisting of investors, producers, and service
providers needs to be supported by institutional and regulatory
systems, information provision, entrepreneurship, business models,
accounting and auditing standards, and facilitation. The novelty of the
proposed conservation industry is to develop a market institution for
conservation investment. Traditional conservation investment from
government and/or NGOs generates public benefits but these benefits
have limitedmonetary values because property rights are not defined.
Previous and existing market-based approaches have explored ways
to define conservation products, trading rules, regulatory support, and
others. However, these experiments are limited in scale and time.
Extending from these developments, the proposed conservation
industry is an established and evolving market institution for
exchanging conservation products and services. The increased
generation of conservation products not only fulfils regulatory
requirements for conserving natural capital stocks and flows of
ecosystem services, but also generating financial returns for continu-
ing investment in conservation.

Whilst the conservation industry is business oriented, we do not
suggest that this is a free market institution due to the uniqueness of
conservation goods and the complexity of landscape processes.
Rather, a conservation industry will need to be tightly regulated and
planned with governments acting as investors, facilitators and
regulators with rights of enforcement and escalating coercion. This
needs to be paired with significant advances in the science and
technology supporting rapid, inexpensive, and accurate quantification
of the benefits of conservation for natural capital and ecosystem
services to support trade. A conservation industry has the potential to
increase participation and investment in conservation actions and
enhance the sustainability of agricultural landscapes but its develop-
ment could be a risky path. However, this may be a pragmatic
approach as the cost of delayed response by waiting for better
alternatives could be even higher.
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