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Payment for Ecosystem Services (PES) is becoming increasingly popular as a way to manage ecosystems
using economic incentives. The environmental economics approach to PES tries to force ecosystem services
into the market model, with an emphasis on efficiency. The ecological economics approach, in contrast, seeks
to adapt economic institutions to the physical characteristics of ecosystem services prioritizing ecological
sustainability and just distribution and requiring a transdisciplinary approach. This paper summarizes the
results of a participatory “atelier”workshop held in Costa Rica. We developed a set of principles (the Heredia
Declaration) for PES systems and report on evolving initiatives in several countries. We discuss how the
distinction between ecosystem goods (which are stock-flow resources) and ecosystem services (which are
fund-service resources) and the physical characteristics of the fund-services affect the appropriate
institutional form for PES. We conclude that PES systems represent an important way to effectively manage
fund-service resources as public goods, and that this represents a significant departure from conventional
market institutions.
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1. Introduction

This paper introduces a special section of Ecological Economics on
payments for ecosystem services (PES). The bulk of the papers are the
results of a scientific atelier (a type of workshop/field-course
pioneered by University of Vermont's Gund Institute for Ecological
Economics) entitled Payments for Ecosystem Services: From Local to
Global, held in Heredia, Costa Rica in March 2007, and authored by
students, faculty, and stakeholders. This workshop also resulted in the
Heredia Declaration on Payments of Ecosystem Services, discussed
below. One paper is from another atelier entitled Greening Awassa:
Investing in Human and Natural Capital in Ethiopia. Two additional
papers contribute important perspectives not covered in the ateliers.

Attesting to the growing attention being paid to payments for
ecosystem services (PES), this is the third special section in Ecological
Economics on the topic in the past two years. Coincidentally, there are
also at least three distinct perspectives on PES. Two of these
perspectives parallel the conflicts between environmental economics
and ecological economics. The environmental economics approach, as
described by Engel et al. (2008) in the first special issue on PES,
prioritizes economic efficiency, and tries to force ecosystem services
into the market model. The ecological economics approach, as
described by Muradian et al. (2010) in the second special issue
focuses on the multiple goals of ecological sustainability, just
distribution and economic efficiency and favors a variety of payment
mechanisms to achieve these goals, both market and non-market.
Appropriate institutions and mechanisms are determined by and
adapted to the relevant characteristics of the ecosystems and services
in question. The third perspective largely rejects PES, and even the
notion of ecosystem services, as the improper commodification of
nature (Kosoy and Corbera, 2010; McCauley, 2006; Robertson, 2006).

The goal of this paper, therefore, is not only to introduce the
Scientific Atelier and the Heredia Declaration on PES and articles in
the special issue to which it gave rise, but also to reconcile these
contrasting views. We take the position that ecosystem services are
essential, non-substitutable and poorly understood, and there are real
costs to their provision and protection. Someonemust pay those costs.
Payments however do not require commodification. Only rarely will
market payment mechanisms be appropriate. Our goal is to present a
unifying framework that adequately addresses all three perspectives
and helps to identify what institutions are appropriate for PES based
on the physical characteristics of the services in question.

In Section 2 we briefly describe the Scientific Atelier on Payments
for Ecosystem Services that led to most of the papers in this volume,
and present the Heredia Declaration on PES. In Section 3, we suggest a
more detailed definition of ecosystem services based on their physical
characteristics, which we believe is more analytically useful than
many popular definitions. Section 4 describes the two different
approaches to PES in theory and practice, while Section 5 comple-
ments Kemkes et al. (2010-this issue) in explaining how the physical
local to global, Ecol. Econ. (2010), doi:10.1016/j.
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characteristics of different services help determine what institutions
are suitable for PES. We argue that the environmental economics
approach is a specific case of the general ecological economics
approach. Section 6 presents a summary and conclusion, and
introduces the papers in this special issue as illustrations of our
central points.

2. The Payments for Ecosystem Services Atelier and the Heredia
Declaration on Payments for Ecosystem Services

A scientific atelier is an applied integrated research and teaching
tool pioneered by the Gund Institute for Ecological Economics. The
main elements of ateliers include: (1) transdisciplinary problem-
based learning and problem solving; (2) community/client sponsor-
ship; (3) deep stakeholder participation; (4) blurring of the distinc-
tions between stakeholders, faculty and student, research and
education; (5) adaptive management and flexible working groups;
and (6) appropriate and practical communication of results. The PES
Atelier introduced the theory behind Payments for Ecosystem
Services and explored case studies of relatively successful applica-
tions. Participants then applied theory and practice to seek solutions
to real life problems. Examples of practical outcomes from the Atelier
include:

• Further development of a proposal for a Brazilian national PES policy
submitted to the Ministry of the Environment, where the lead
author was employed.

• Further development of a proposal for a PES system in the Valle de
Bravo Watershed, Mexico and accompanying documents providing
1) program operating rules; 2) an Inter-ministry agreement; 3) a
legislative act for PES; 4) a legislative act for economic impacts on
ecosystem services and the environmental responsibility of cor-
porations and 5) a governor agreement PES State Commission, all of
which have been presented to policy makers.

• A proposal for an international PES system in the Dominican
Republic that will protect the habitat of a threatened bird native to
the Northeastern US that has already been presented to US
beneficiaries who are considering funding the proposal, as well as
to Forest Trends (the Katoomba group), which may adopt it as a
project.

• This special issue of Ecological Economics;
• The Heredia Declaration on Ecosystem Services, a consensus
statement signed by international and local experts outlining the
mechanisms for successfully implementing PES at the global,
regional and local level, presented here in full:

The Heredia Declaration on Payments for Ecosystem Services
Whereas:

• Ecosystem services (the benefits humans derive from ecosystem
functioning2), and the natural capital assets that produce them,
represent a significant contribution to sustainable human well-
being — larger than the contribution of marketed goods and
services. The dominant economic paradigm does not adequately
recognize these contributions and we therefore need to develop a
new, more comprehensive paradigm.

• Ecosystem services are being threatened and degraded by human
activities.

• Many ecosystem services cannot (or should not) be privately
owned, and are therefore ignored by conventional markets.

• Many ecosystem services are such that providing benefits to one
person does not reduce the amount of benefits available for others
(they are “non-rival”), and therefore they should be provided
cooperatively and not competitively.
2 See more detailed definition below.
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• There are and will remain enormous uncertainties about how
ecosystem services are provided, the magnitude of their benefits,
and how human activities affect their provision. Stakes are high, the
potential for irreversible outcomes are high, and a precautionary
approach to decision-making should therefore be adopted.

• Adaptive institutions need to be developed to adequately deal with
ecosystem services and tradeoffs among services so that their
contributions to human well-being can be sustained and enhanced.
Systems of payment for ecosystem services (PES) can be one
effective element in these institutions.

Based on a thorough review and synthesis of information at a
workshop in Heredia, Costa Rica, March 8–16, 2007, we recommend
the following principles concerning the use of PES systems:

2.1. Measurement

We need to continue to develop better methods to measure, map,
model, and value ecosystem services at multiple scales. At the same
time, we cannot wait for certainty and precision to act. We must
synergistically continue the process of improvement of measure-
ments with evolving institutions that can effectively utilize these
measurements (see 2.7 below).

2.2. Bundling

Most ecosystem services are produced as joint products (or
bundles) from intact ecosystems. The relative rates of production of
each service varies from system to system and site to site, and time to
time, but we must consider the full range of services and the
characteristics of their bundling in order to prevent creating perverse
incentives and to maximize the benefits to society.

2.3. Scale-Matching

The spatial and temporal scale of the institutions to manage
ecosystem services must be matched with the scales of the services
themselves. Mutually reinforcing institutions at local, regional and
global scales over short, medium and long time scales will be required.
Institutions should be designed to ensure the flow of information
between scales, to take ownership regimes, cultures, and actors into
account, and to fully internalize costs and benefits.

2.4. Property Rights

Establishing appropriate property rights regimes is essential for
implementing PES systems. However, given the public goods nature of
most ecosystem services, we can either use existing private property
rights, change property rights, or develop systems that can propertize
ecosystems and their services without privatizing them. For example,
common property asset trusts are one way to effectively do this.

2.5. Distribution Issues

The distribution of costs and benefits from PES systems need to be
carefully considered. Systems should be designed to ensure inclusion
of the poor, since they are more dependent on common property
assets like ecosystem services. In particular, wealthier nations should
be prevented from free-riding, and instead pay for the services they
receive from the biodiverse and ecologically productive ecosystems in
less developed countries (see 2.6 below).

2.6. Sustainable Funding

PES systems should link beneficiaries with producers. In order to
be sustainable, fees should be collected from beneficiaries in order to
m services: From local to global, Ecol. Econ. (2010), doi:10.1016/j.
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pay producers to continue to provide the services — either by paying
private land owners or through investments in commonly owned
natural capital assets.

2.7. Adaptive Management

Given that significant levels of uncertainty always exist in
ecosystem service measurement, monitoring, valuation, and manage-
ment, we should continuously gather and integrate appropriate
information with the goal of learning and adaptive improvement. To
do this we should evaluate the impacts of existing PES systems and
design new systems as experiments from which we can more
effectively quantify performance and learn.

2.8. Education and Politics

Two key limiting factors in implementing PES systems are shared
knowledge of how the systems work and political will. Both of these
can be overcome with targeted educational campaigns, clear dissem-
ination of success and failures directed at both the general public and
elected officials.

2.9. Participation

All stakeholders (local, regional, and global) should be engaged in
the formulation and implementation of PES systems. Full stakeholder
awareness and participation contributes to credible, accepted rules
that identify and assign the corresponding responsibilities appropri-
ately, and that can be effectively enforced.

2.10. Policy Coherence

PES systems will be most effective when they form part of a
coherent set of policies to address ecosystem use and management.
They are less likely to work when other policy instruments are
providing opposing incentives (for example by subsidizing the use of
water, energy etc.) or when legislation controlling allocation is
inflexible.

3. Further Defining Ecosystem Services

We kept the definition of ecosystem services for the Heredia
Declaration concise, as required by a brief declaration. Fisher et al.
(2008) provide an overview of additional definitions, which range
from the MEA's “the benefits people obtain from ecosystems”,
emphasizing what is provided, to their own “the aspects of
ecosystems utilized (actively or passively) to produce human well-
being” emphasizing the production unit, the ecosystem. One unifying
feature of most definitions is that services are defined as processes or
functions of value to humans. The emphasis on value is incorrectly
interpreted by some critics as commodification, leading them to
largely reject the entire concept of ecosystem services (McCauley,
2006). Others recognize the validity of ecosystem services as a
metaphor, but argue that thinking of ecosystems as stocks that
provide flows of benefits can lead us to seek narrow, market based
solutions to ecological problems, blind us to the complexity of
ecosystems, promote an inappropriate partial equilibrium framework
for analysis, and detract our attention from the need for new
institutions for environmental governance (Norgaard, 2010). While
these widely used definitions of ecosystem services are useful for
concise declarations or for popularizing the notion that ecosystems
make major contributions to human well-being, they are excessively
broad, easy to misinterpret, and are of limited use in more detailed
analysis of payment schemes.

To address this, we propose a more useful definition that first
differentiates ecosystem goods as stock-flow resources and ecosystem
Please cite this article as: Farley, J., Costanza, R., Payments for ecosyste
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services as fund-services (in the sense used by Georgescu-Roegen
(1971)) provided by nature. The economic subsystem is connected to
the ecosystem via two distinct types of flows. The first type of flow is
throughput, a physical flow of raw materials and stored energy from
nature transformed into economic products then returned to nature
as disordered waste. Such resources can be used at the rate we choose,
and are physically transformed in the act of production, e.g. forests
into houses. They are quantitatively used up. They can also be
stockpiled when inflows exceed outflows. Georgescu Roegen referred
to such resources as stock-flow in nature. Following Malghan, the
stock x of a stock-flow resource, on either the source side or sink side,
is given by

xðt̃Þ = ∫
t̃

0
½ finðtÞ−foutðtÞ�dt

“where fin(t) is the flow into the stock at any time t and fout(t) is the
outflow from the stock. t̃ is the current time period and x(0) is the
reference stock at time t=0.” (Malghan, 2006, p. 19). We can think of
stock-flow resources from nature as ecosystem goods or ecosystem
structure (Daly and Farley, 2010).

In our definition, ecosystem services by contrast are an example of
a fund-service, which have fundamentally different physical char-
acteristics. Fund-services are a particular type of flow, or flux,
generated by a particular configuration of stock-flow resources.
Malghan gives the example of a car, which is a particular configuration
of glass, metal, plastic and rubber that provides the service of
transportation. A car wreck is a different configuration of exactly the
same components that no longer provides the desired service. In the
same way, ecosystems are a particular configuration of stock-flow
resources that provide a flux of services. Ecosystem services are
available at a given rate over time, and cannot be used as fast as we
wish. When an ecosystem generates services, it is not physically
transformed into the service; it is qualitatively changed, but not
quantitatively used up. We cannot stockpile services. As a result, we
cannot mathematically model ecosystem services in the same way as
ecosystem goods3.

What are the advantagesof our proposeddefinition? First of all,most
PES schemes actually pay for land uses associated with generating the
service, which is to say, they are payments for ecosystem funds. The
fund-service definition makes this linkage explicit. Second, it rather
nicely encompasses existing definitions—for example, Fisher et al.'s
(2008) definition emphasizes the fund side, and the MEA definition the
service side. Our definition emphasizes the fact that the two work
together. The standard classifications of supporting, regulating, cultural
and provisioning services still hold as well; the first three are obvious,
while our definition stresses that provisioning service is the capacity of
ecosystem structure to reproduce itself, rather than the food, fiber, fuel
and water provided (all ecosystem goods). Reproduction in plants and
animals occurs at a rate over time, cannot be stockpiled, and leads to
qualitative change in the parent generation, not quantitative. Third, the
definition focuses on the fund-services' physical characteristics rather
than their explicit value to humans. We simply lack adequate
understanding of ecosystems to know which functions are of value to
humans and which are not, and often only find out after we have
destroyed the ecosystem or species that provided them (Farley, 2008;
Vatn and Bromley, 1994). Rather than leading to their commodification,
defining ecosystem services by their physical characteristics further
emphasizes the fact that they do not blend readily with market
m services: From local to global, Ecol. Econ. (2010), doi:10.1016/j.
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institutions, and other economic institutionsmay be required to protect
and provide them. Fourth, the fact that funds are a particular
configuration of stock-flow resources draws attention to the fact that
ecosystem services are an emergent property of complex systems. Fifth,
the distinction between stock-flow and fund-services stresses the dual
nature of natural resources, and helps clarify why market economies
systematically favor the conversion of ecosystem structure into stock-
flow inputs into economic production over its conservation in
ecosystem funds in order to provide ecosystem services (Farley,
2010). It also helps illustrate the limits of substitution, as stock-flow
and fund-service resources are typically complements4.

4. Two Distinct Approaches to PES

Most of the literature refers to PES as a market based or market-
like mechanism, and followsWunder (Wunder, 2005) in defining PES
as

“(a) a voluntary transaction where
(b) a well-defined environmental service (or a land use likely to
secure that service)
(c) is being ‘bought’ by a (minimum one) service buyer
(d) from a (minimum one) service provider
(e) if and only if the service provider secures service provision
(conditionality).”

The idea is that ideal PES schemes should integrate ecosystem
services into markets, and should be like any other market
transaction. PES should “attempt to put into practice the Coase
Theorem” (Engel et al., 2008 p. 665). The Coase Theorem states that if
private property rights are clearly defined by enforceable contracts,
then the generator and recipient of an externality can, through
voluntary exchange, potentially reach an agreement that maximizes
social welfare. Furthermore, the ultimate level of the externality
generating activity will not be affected by the initial assignment of
property rights. Aside from the enforcement of property rights,
government intervention is not required. This outcomewill only occur
however in the absence of wealth effects and transaction costs (Coase,
1960). While many proponents of this approach do accept some role
for government intervention, most stress defining property rights,
creating enforceable contracts, and reducing transactions costs. They
also frequently claim that private sector PES schemes are more
effective than public sector ones (Wunder et al., 2008).

Associated with this approach is the idea that PES should prioritize
efficiency over poverty alleviation (Pagiola et al., 2005; Wunder,
2008). PES is designed to internalize benefits that are currently
externalized, thus bringing marginal costs into closer alignment with
marginal benefits and increasing economic surplus. Using PES
schemes to also alleviate poverty might reduce the economic surplus
and future scale of PES. The conventional economic wisdom is that
greater poverty alleviation could potentially be achieved by redis-
tributing a larger economic surplus.

However, transaction costs for environmental problems are
typically enormous, and wealth effects extremely important (Brom-
omley, 1991; Muradian et al., 2010). Ironically, Coase himself argued
that “[t]he world of zero transaction costs has often been described as
a Coasian world. Nothing could be further from the truth. It is the
world of modern economic theory, one which I was hoping to
persuade the economists to leave.” (Coase, 1988, p. 174). We also seek
to persuade economists that the Coase Theorem applies to only a very
narrow subset of ecosystem services.

It is not surprising then that in real life very few PES schemes
achieve the standards proposed by Wunder (Muradian et al., 2010;
4 For example, bigger ovens and bigger cooks cannot compensate for inadequate
ingredients in a pizzeria!
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Porras et al., 2008). We therefore follow Muradian et al. in defining
“PES as a transfer of resources between social actors, which aims to
create incentives to align individual and/or collective land use
decisions with the social interest in the management of natural
resources” (Muradian et al., 2010, p. 1205). This approach is far more
in line with ecological economics, in which ecological sustainability
and just distribution take precedence over market efficiency in
furthering social interests (Costanza et al., 1991).

From the ecological economic perspective, Wunder's five rules
may be not only unattainable, but also inappropriate. Generating
adequate resources or ensuring a just distribution of payments may
require non-voluntary approaches such as taxes or mandatory service
charges, which is frequently the case in real life PES schemes.Whether
payments should be voluntary or coerced through taxation should in
fact be determined by the physical characteristics of the resource
(Farley et al., 2010-this issue; Kemkes et al., 2010-this issue): services
dominated by private good characteristics are amenable to voluntary
payments, while services with public good characteristics are not.
After all, few economists call for voluntary payments for human-made
public good services like fire departments, police departments and
national defense. Furthermore, Koellner (2010-this issue) foundmany
private sector firms are reluctant to pay for ecosystem services
precisely because they believe that the public sector should do so.

Ecosystems and the services they generate are complex, and it may
be appropriate to pay even for poorly defined services. For example, in
real life there is considerable uncertainty concerning the water
regulation services provided by forests and other land uses, yet
dozens of schemes nonetheless pay for these services (Porras et al.,
2008). One of the best defined services currently is carbon
sequestration, but payments for this single service can have perverse
outcomes—monoclonal Eucalyptus plantations may maximize carbon
sequestration, but degrade potentially more valuable biodiversity,
water provision and nutrient cycling (Lohman, 2006). Transaction
costs may also increase as services are more explicitly defined
(Rørstad et al., 2007). In the face of ecosystem complexity, we believe
that payments for a bundle of loosely defined services are more likely
to maximize social benefits.

While at least one “buyer” is required for any PES scheme by
definition, schemes like a carbon cap and auction require payments to
the institution regulating access to the service rather than to the
service provider.5

Finally, strict conditionality may not be appropriate. First of all, it
can be expensive to enforce, increasing transaction costs substantially.
Second, the field of behavioral economics offers evidence that
conditional monetary PES (a form of extrinsic motivation) might
actually backfire by “crowding out” the intrinsic motivation to do the
right thing for society (Kemkes, 2008; Vatn, 2010). Numerous studies
show that when people receive a monetary payment for doing
something they would have done anyway, their motivation for doing
it without payment diminishes, they do it less well if they perceive the
payment as inadequate, and they may stop doing it when payment
ceases (Ariely et al., 2009; Frey and Jegen, 2001; Gneezy and
Rustichini, 2000). This is particularly problematic in light of the fact
that PES schemes rarely have permanent sources of funding (Pagiola
et al., 2007). Other studies show that monitoring (which is obviously
essential for conditionality) may reduce motivation and performance
(Falk and Kosfeld, 2006). If payments are seen however as a fair share
of the costs of undertaking a desired activity, the recipients may feel
an intrinsic obligation to reciprocate (Vatn, 2010). We cannot discard
offhand the potential superiority of systems based on reciprocity
rather than conditional monetary incentives. In practice, many PES
schemes are essentially based on reciprocity already, in that they
provide payments up front, often in the form of extension, in the
5 Payments for carbon offsets on the other hand generally do go to the service
provider.

m services: From local to global, Ecol. Econ. (2010), doi:10.1016/j.
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hopes that recipients will reciprocate by protecting or restoring
ecosystem funds (Porras et al., 2008).

If we define markets as systems of voluntary exchange in which
prices are determined by the interplay of supply and demand, then
most ecosystem services have physical characteristics that make them
ill-suited for market provision. Owing to very high transactions costs
when dealing with ecosystem services as well as the realities of
human behavior, there is no particular reason to believe that a market
based approach to PES will be more efficient than non-market
alternatives, and even less reason to believe it will be more
sustainable or just. As economic institutions can be changed while
in most cases the physical characteristics of ecosystem services
cannot, we must adapt the former to the latter, and not vice versa.
5. Economic Institutions and the Characteristics of
Ecosystem Services

Much of the literature on PES explains themarket failures affecting
the provision of ecosystem services (the public good nature of the
services, externalities affecting their provision, incomplete informa-
tion, and so on) then paradoxically proposes PES as a market-based or
market-likemechanism to address the failures (e.g. Engel et al., 2008).
The explanation for this paradox is the belief “that the conditions that
underlie market failure, namely non-rivalry and non-excludability,
are dynamic” (Landell-Mills and Porras, 2002 p. 11). We argue in
contrast that rivalry is a purely physical characteristic, and not at all
dynamic. Excludability is in some cases a dynamic policy variable, but
some ecosystem services are inherently non-excludable as an
immutable physical characteristic (Daly and Farley, 2010; Kemkes
et al., 2010-this issue). These physical characteristics help determine
what economic institutions are appropriate for the sustainable, just
and efficient allocation of resources towards the provision of
ecosystem services, and for the allocation of ecosystem services
among consumers. While PES can play an important role in provision,
it can only address the issues of non-rivalry and inherent non-
excludability to the extent that it differs from conventional markets,
not to the extent that it mimics them.
7 Property rights to land may not limit recreational access, as is the case in Sweden.
5.1. Excludability and Rationing

Markets use prices to allocate resources among different products
and also to ration those products among different consumers. Market
based PES systems must allocate resources towards the provision of
ecosystem services in response to a price signal, and ration access to
funds or services among beneficiaries according to their willingness to
pay; we refer to PES systems that achieve one of these goals as
“market-like”. Excludability6 is a prerequisite for any form of rationing
and hence for market-like PES. Non-excludable resources are open
access by definition. Property rights are a result of institutions (with
enforcement facilitated by adequate monitoring technologies) and
hence a dynamic policy variable. Different institutional arrangements
can lead to different types of property rights and different types of PES.

On the supply side, market-like PES schemes require that the
provider of services have excludable rights to the fund that generates
them. Some PES schemes actually reward service providers with land
tenure as a form of payment (Porras et al., 2008). In general,
transaction costs increase with the number of owners of the fund.
However, property rights need not be private: in Mexico, payments
are made to ejidos, which share certain property rights to forests
(Kosoy et al., 2007), and Brazil's ecological value added tax makes
payments to municipal governments (Loureiro, 2002; May et al.,
2002; Ring, 2008). Sovereign national property rights are ubiquitous
6 The ability of a person or group to use a good or service and prevent others from
using it if so desired.
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(Farley et al., 2010-this issue). Institutional forms can be adapted to
any of these situations.

On the demand side, market-like PES requires excludable rights for
the beneficiaries. Excludability in this case ranges from fairly simple to
impossible, and is heavily influenced by the spatial distribution of the
service in question.

Some ecosystem services are on-site, with the same spatial
distribution as the fund that generates them, and existing property
rights to the fund generally provide rights to the service as well.
Examples include most provisioning services for food, fiber and fuel,
for which payment is taken for granted, as well as many recreation
services, including hunting7 (Ribaudo et al., 2010-this issue). Some
ecosystem services, particularly those surrounding water provision
and regulation, are directional. Water utility infrastructure, hydro-
electric dams and irrigation systems (also fund-services) are
examples of technologies and infrastructure that can create exclusive
intermediaries between service providers and ultimate beneficiaries.
This facilitates the establishment of market-like payment schemes for
this service, even though relationships between land use and water
provisioning services remain unclear and thus poorly defined
(Bruijnzeel, 2004; Porras et al., 2008).

Many regional and global ecosystem fund-services are currently
open access, and excludability requires “propertization” — the
creation of property rights where none currently exist. Propertization
generally requires a collective institution (one representing service
beneficiaries) at the scale of the problem. Possible types of collective
institutions include the public sector, international protocols, con-
ventions, or treaties, or a commons sector (Barnes, 2006). Property
rights can be in the form of property rules, which prohibit others from
using the fund-service in the absence of the owner's consent, or in the
form of liability rules, in which case others can use the fund-service,
but must afterwards compensate the owner8 (Bromley, 1978).
Property rights can be common or private, assigned to the institution
that creates them, assigned to other institutions, distributed equally
among all beneficiaries, or distributed to select groups of beneficiaries.
Service users can then be charged for access.

Existing institutional arrangements have already propertized a
number of formerly open access services, such as thewaste absorption
capacity for various pollutants. Well known examples under the
property rule include the US cap and trade schemes in sulfur dioxide
(Burtraw and Mansur, 1999) and water pollutants (Ribaudo et al.,
2010-this issue), and the European Union Emission Trading System
(Ellerman and Joskow, 2008). Some previously open access funds have
also been propertized. For example, the global agreement on Exclusive
Economic Zones (EEZ) created national property rights to previously
open access coastal waters (United Nations, 1982), which allowed
national governments in turn to propertize certain coastal fish
populations (Bromley, 2005)—limiting access to the fund of fish
populations protects the service of reproductive capacity.

The implicit first step in each of these cap and trade schemes is for
the collective institution to declare property rights for itself so that it
can then determine the supply of the fund-service available for
economic activities, ideally based on the criterion of ecologically
sustainable scale. The next step is to determine distribution—who has
the rights to the resource, and for how long? Distribution is ideally
based on the criterion of justice, though economists focused on
efficiency who misinterpret Coase's work frequently overlook the
importance of this step (Bromley, 1978). The final step, and the only
one involving markets, is to create freely tradable permits. In most
cases, permits have been distributed to firms free of charge in
proportion to current levels of exploitation, in which case payments
8 Note that liability rules do not strictly fit the definition of excludability provided
above, and would not work on the supply side, as service suppliers could not ensure
supply.
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for the fund-services occur only when firms wish to consume more
than their initial allotment. Another option is for the propertizing
institution to retain property rights, then auction them off and decide
how to distribute or spend the revenue, which reverses the second
and third step. Emission or extraction fees or taxes are an example of a
liability rule.

Note that under a property rule, the owner determines the
marketable supply of the service, and prices adjust, while under a
liability rule, supply adjusts to prices.

While cap and trade systems ration existing supply, offset credits
can reward firms for investing in new supplies, allowing supply to
adjust to prices. For example, firms can earn tradable permits by
investing in land use changes that sequester carbon or reduce
agricultural waste and runoff. Similarly, US laws allow developers to
drain wetlands only if they pay for the reconstruction of an equivalent
area of wetland elsewhere, which has led to the creation of wetland
mitigation banks (Ribaudo et al., 2010-this issue). However, in
conventional markets, purchasers suffer a direct loss if the product
fails, and therefore monitor quality. In contrast, once purchasers of an
offset receive certification that the offset has been provided, they
share the costs of failure with society as whole. The institution that
creates the offset scheme is ultimately responsible for monitoring
offset quality, and typically bears the often significant costs of doing so
(King and Kuch, 2003).

Finally, for many services such as climate stability, the role of
biodiversity in supporting all services, gas regulation, protection from
UV radiation, disturbance regulation and so on, non-excludability is a
physical characteristic and not a policy variable. Open access use is
unavoidable and transaction costs of negotiating market solutions
immense. Furthermore, rationing access to the funds that provide the
services may be impractical, especially if the services are global and
the funds under national control (Farley et al., 2010-this issue), or
unjust, especially if those using the fund are less well off than those
using the services it provides. There are real costs to providing these
services, and non-market PES schemes may be the most just and
efficient means to cover them. Payments will require collective
institutions representing and capable of collecting revenue from all
beneficiaries of the service. Rather than trying to commodify the
services and create markets, we must accept that they are public
goods, often global, and focus on the challenges of financing them
accordingly (Kaul et al., 2002). Ecosystems generally provide a suite of
services, many of which are inherently non-excludable, and it may
make sense for collective institutions to take the lead, supplemented
bymoremarket based approaches where possible. It is no coincidence
that so many PES schemes are government sponsored.

Ironically, so called market-like PES solutions such as “green”
certification (Ribaudo et al., 2010-this issue) and other private sector
payments for biodiversity, scenic beauty, and non-excludable water-
shed services only work to the extent that individuals fail to behave as
conventional economists argue they should. In fact, Koellner (2010-this
issue) found that the median for stated motivations for paying for
ecosystem services was highest for intrinsic motivations (human
welfare and ecological responsibility) and lowest for direct financial
benefits. Unfortunately, entirely voluntary payment schemes are likely
to be no more effective than voluntary taxes.

5.2. Rivalry, Scarcity and Rationing

While excludability determines whether or not access to ecosys-
tem services can be rationed, rivalry and scarcity9 determine whether
or not it should be. If rival and scarce resources are not rationed, we
9 A resource is scarce when there is not enough to achieve all desired ends, and
competition occurs. A resource is rival when consumption by one person diminishes
the quantity or quality available for others to use, and non-rival when this is not the
case.
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risk unsustainable overuse, unjust distribution among consumers, and
inefficient allocation among products. As Kemkes et al. (2010-this
issue) explain, rationing a non-rival or abundant resource is inefficient,
as it reduces use and hence value10 by creating artificial scarcity.While
the implications of non-rivalry arewell knownand covered in detail by
Kemkes et al. (2010-this issue), there are at least three reasons that
economists seem to overlook it in designing PES schemes.

First, there is a persistent misconception that rivalry is a dynamic
variable, which apparently results from confusing abundance with
non-rivalry. Much of the economic literature labels some services as
non-rival but congestible, meaning that they are supposedly non-rival
at low levels of use but become rival at higher levels. Examples
include the physical space required for recreation, such as a golf
course or place to lie down on the beach. Such resources are known as
club or toll goods. In reality, these services are rival–when my towel
occupies a space on a beach, it is not available for your towel to
occupy–but fluctuate between abundant and scarce11. As the scale of
the human economy increases relative to the sustaining and contain-
ing ecosystem, more and more formerly abundant services are
becoming scarce (Daly and Farley, 2010). Rivalry is an immutable
physical characteristic to which PES schemes must adapt, while
scarcity is an economic characteristic affected by supply and demand.

Second, the confusion between rival non-rival services extends
beyond the scarcity issue. For example, the literature frequently refers
to carbon sequestration as non-rival (e.g. Corbera et al., 2009).
However, if I use a reforestation project to offset my emissions, it
cannot offset yours as well. When designing PES schemes, we should
not confuse rival waste absorption capacity for which rationing is
desirable with the non-rival climate stability it generates, which
cannot be rationed (Farley et al., 2010-this issue; Kemkes et al., 2010-
this issue). It is helpful to recall the dual nature of natural capital as
stocks capable of providing or stockpiling material flows and funds
that generate non-ecosystem services at rate over time. While many
fund-services are non-rival, all stock-flows are rival. We can ration
rival stock-flows to sustain non-rival funds-services. Atmospheric
carbon is a rival stock-flow capable of accumulation or decumulation
just like stocks of timber and fish, and should be rationed accordingly
to provide the service of climate stability.

Third, economists obsessed with market solutions seem to forget
about the inefficiencies of artificial scarcity. As a concrete example, the
Convention on Biological Diversity together with the World Trade
Organization has propertized rights to genetic information from
endemic biodiversity. As a result, Indonesia recently considered
selling access to a new strain of avian flu to a single corporation to
develop a cure, rather than allowing open access for all scientists.
Indonesia's reasoning was that a cure discovered by the private sector
would be patented and priced too high for Indonesians to afford
(McNeil Jr. 2007). Obviously, rationing access to the virus for research
reduces the chances of finding a cure, and patenting the vaccine to
collect royalties would increase the price, hence pool of unprotected
individuals, hence the chance of a global pandemic. We instead
require the same type of non-market PES schemes as for inherently
open access resources, with payments for conserving genetic diversity
unrelated to marginal use of the service, as pointed out by Kemkes et
al. (2010-this issue). Commodification of non-rival resources is
inefficient and frequently unfair.
is equivalent to consumer surplus, or the sum of marginal values across all units used.
11 It is only quite recently that we realized congestibility is a question of scarcity or
abundance, not rivalry or non-rivalry, which means that even fairly recent publications
by Farley and Costanza, including Kemkes et al. (2010-this issue) still refer to non-rival
but congestible resources.
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6. Summary, Conclusions and Structure of the Special Section

In summary, ecosystem services make significant contributions to
human welfare, some are essential and have no substitutes, and
almost all are becoming increasingly scarce. There are real costs to
providing ecosystem services, and we must develop suitable mechan-
isms for paying for them. Prioritizing efficiency, conventional
economists have pursued market based PES schemes that seek to
commodify ecosystem services to the extent possible. Recognizing the
inherent complexity of ecosystems and prioritizing sustainability and
justice over efficiency, ecological economists favor a more adaptive,
trandisciplinary approach that does not require commodification.
Building on Kemkes et al. (2010-this issue), we argue that the physical
and economic characteristics of ecosystem services can inform the
institutional form of PES schemes, and also make it explicit where
commodification of ecosystem services is impossible or undesirable.
For such services, collective institutions based on cooperation, not
competition, must either create the conditions required for private
sector payments, or accept the public good nature of the services
and pay for them directly. Cooperation should be at the same spatial
scale over which the service is provided. Table 1 summarizes our
results.

However, the fact that market based PES schemes are possible
does not mean that they are desirable. While rival and scarce
resources must be rationed, price rationing weights preferences by
purchasing power, the principle of one dollar, one vote. When a
service is essential and non-substitutable and the distribution of
purchasing power highly unequal, markets favor the provision of
luxuries for the rich over basic needs for the power—croplands and
water for flowers instead of food, for example, as happens in Ethiopia
(Reynolds et al., 2010-this issue). Democratic mechanisms for
allocating essential and non-substitutable resources may be prefer-
able to markets, at least until basic needs are met.

PES systems should prioritize essential, non-substitutable ecosys-
tem services, especially those for which supply is insufficient to satisfy
Table 1
Approaches to PES based on physical and institutional characteristics of the services, with e

Excludable (rationing possible)

Rival and scarce
(rationing desirable)

Potential market services
Market based (“Coasian”) approaches possible,
but may not be desirable for essential and
non-substitutable services.
Examples: Water quality tradinga, wetland banking
and offsetsb (Ribaudo et al.); EU-ETS carbon payments11

if captured by Ethiopia (Reynolds et al.) or Madagascar
(Wendland et al.); industrial water uses
(Daniels et al., 2010-this issue).

Rival and abundant Congestible club or toll services
Treat as public good when abundant, or ration access
to cover maintenance and expansion costs.
Treat as potential market good when scarce.
Examples: Fee-huntingc (Ribaudo et al.); admission
fees to parks.

Non-rival
(rationing not desirable)

Inefficient market services
Commodification is inefficient and potentially unjust.
Should be open access and financed by collective
institutions.
Examples: Property rights to biodiversity (Kemkes et al.);
Patents on technologies that protect and restore ecosystem
services (Farley et al.).

a Price is determined by the interaction of market determined demand and collectively d
b In general, the public sector will remain responsible for monitoring compliance.
c Ribaudo argues that fee hunting is a linked good, wherein by paying for hunting access, h

these linked services are not a hunter's primary motivation. Too many hunters on one farm
d Non-rival, non-excludable resources are conventionally called public goods. However,
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basic needs, or under imminent threat of becoming so. This includes
the regulation of climate and atmospheric gases, the provision of
water and food, and the biodiversity that sustains all other services.
For such immeasurably valuable resources, payment levels should be
determined by costs of supply, not some monetary estimate of
benefits. However, willingness to pay (WTP) inevitably plays a role, as
payments for provision are required, but should be used as a measure
of viability, not value. Considering the nature of most services as joint
products of intact ecosystems and the irreversible nature of their loss,
collective institutions should also take the lead in PES, but we cannot
overlook the potential for augmenting collective payments for public
services with individual payments for individual services.

Kosoy and Corbera (2010) claim that “re-claiming the public good
character of environmental services and discarding any attempt to
price and market them as a way to foster conservation” (p. 1235) is
radical. We conclude that it is not radical, but rather common sense
and necessary.
6.1. Structure of the Special Section

As most of the papers in this section resulted from a self-designing
atelier process, they were not pre-selected to make a specific
argument, though we believe their diversity illustrates a number of
our general points.

The special issue begins with two conceptual papers. Kemkes et al.
(2010-this issue) review the different types of policy tools for
providing ecosystem services and evaluate them according to their
coerciveness, visibility, automaticity and directness. They stress the
Heredia principles of scale-matching and property rights. In a
complementary fashion to this introductory article, they then evaluate
the impact that different physical and economic characteristics of
different services have on the suitability of PES mechanisms for their
provision. Farley et al. (2010-this issue) focus on mechanisms for
providing global ecosystem services, with an emphasis on two of the
xamples from this special issue.

Non-excludable (rationing not possible)

Open access regimes
Rationing requires propertization by collective institutions at the scale of the
problem. Under property rules, collective institutions determine supply,
which if sold determines price. Under liability rules, price determines supply.
Examples: Carbon sequestration capacity: Global (Farley et al.), Ethiopia
(Reynolds et al.), Madagascar (Wendland et al.) and USA (Ribaudo et al.).

Congestible service
Treat as public good when abundant, open access regime when scarce,
if option exists.
Examples: Oxygen (still abundant, inherently non-excludable), collective
institutions must ensure adequate supply; waste absorption capacities for
unregulated pollutants emitted in small quantities.
Public good servicesd

Collective institution finance required and desirable, though the private sector
may voluntarily donate. Open access consumption exists and is desirable.
Examples: Collective institutions: Biodiversity (Farley et al., Wendland et al.)
with scenic beauty and watershed services (Daniels et al., 2010-this issue)
Voluntary private sector: Bicknells thrush habitat
(Kerchner et al., 2010-this issue); organic certification and voluntary carbon
markets (Ribaudo et al.); intrinsically motivated payments for biodiversity,
carbon, scenic beauty and watershed services (Koellner).

etermined supply.

unters also support habitat provision for non-target species. However, we suspect that
would obviously interfere with each other.

all public goods are actually fund-services.
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most essential and non-substitutable—climate stability and biodiver-
sity. They suggest a cap and auction scheme for carbon emissions, with
revenue dedicated to compensating sovereign nations formaintaining
biodiversity habitat, leaving individual nations to decide what specific
mechanisms will work best in the national context. They also call for
global investments in open source technologies that protect and
enhance ecosystem services.

The third paper by Ribaudo et al. describes six different PES schemes
in the US related to agriculture, proving useful examples for the matrix
above, and assesses approaches for expanding them. Though the article
takes a “Coasian” approach, it nonetheless recognizes the critical role of
governments in creating and expanding such markets.

The next two papers focus on measuring benefits and costs of
service provision to target PES schemes. Wendland et al. (2010-this
issue) develop a tool for targeting areas for biodiversity conservation
in Madagascar by measuring their potential overlap with carbon
sequestration and watershed services and accounting for the
opportunity costs of conservation. Kerchner et al. (2010-this issue)
develop a separate tool for identifying the lowest cost approach to
targeting payments for the conservation of Bicknell's thrush habitat.
Though not mentioned in the article, this research arose from
previous research on regional payments for watershed services that
were found to be inadequate to cover upstream service providers'
willingness to accept payments. Combining payment schemes for
different services is more likely to cover opportunity costs.

The sixth paper, by Daniels et al. (2010-this issue), also addresses
measurement, but in this case the challenges of measuring the success
of PES schemes in Costa Rica. The authors conduct a meta-analysis of a
number of papers assessing the impacts of PES with differing
conclusions. Measurement challenges lie in distinguishing between
PES and other policy tools implemented around the same time,
deciding what policy tools actual count as PES, filtering out the
impacts of structural shifts away from an agricultural economy, and in
deciding what constitutes success. They conclude that Costa Rica's
scheme has had a limited impact on protecting standing forests, but
positive impacts on forest expansion on degraded lands.

The seventh paper by Koellner seeks to empirically assess why firms
invest in ecosystem services. Though Koellner begins with conventional
economists consumptions concerning firm behavior, he finds that for
those firms that indicate a willingness to invest, human welfare and
ecological responsibility are on average the dominant motivations, and
financial profit the weakest. He further discovers that Costa Rican firms
aremorewilling to invest in public good services,whichmaybe evidence
that Costa Rica's PES scheme has an impact on intrinsic motivation.

The final paper by Reynolds et al. takes a practical approach to PES.
Participants in an atelier in Ethiopia identified shortages of food, potable
water and energy (firewood), all caused by ecological degradation, as
major threats to their well-being. Addressing the problem requires
investments in natural, human and social capital, but capital invest-
ments require surplus production, unavailable in one of the poorest
countries on earth. The authors therefore propose payments for carbon
sequestration as a revenue source for the necessary capital investments.
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