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a b s t r a c t
An international payment for ecosystem service (IPES) schemes may be one of the only mechanisms
available to stimulate the provision of vital non-marketed ecosystem services at the global level, as those
nations that beneﬁt from global ecosystem services (GES) cannot readily force other sovereign nations to
provide them. Currently, international trade offers trillions of dollars in incentives for countries to convert
natural capital into marketable goods and services, and few payments to entice countries to conserve natural
capital in order to sustain critical non-marketed ecosystem services. We examine the biophysical
characteristics of climate change and biodiversity to understand the obstacles to developing effective IPES
schemes. We ﬁnd that none of the existing schemes for providing GES are adequate, given the scale of the
problem. A cap and auction scheme for CO2 emissions among wealthy nations could fund IPES and
simultaneously deter carbon emissions. To disburse funds, we should adapt Brazil's ICMS ecológico, and
apportion available funds to targeted countries in proportion to how well they meet speciﬁc criteria
designed to measure the provision of GES. Individual countries can then develop their own policies for
increasing provision of these services, ensured of compensation if they do so. Indirect IPES should include
funding for freely available technologies that protect or provide GES, such as the low carbon energy
alternatives that will be essential for curbing climate change. Markets rely on the price mechanism to
generate proﬁts, which rations technology to those who can afford it, reducing adoption rates, innovation
and total value.
© 2010 Elsevier B.V. All rights reserved.

1. Introduction
As described in the introduction to this special issue (Farley and
Costanza, 2010-this issue), one of the most important problems our
society currently faces is how to strike a suitable balance between the
conversion of natural capital to economic production and its
conservation to provide ecosystem services, both of which are
essential to our well-being. One serious obstacle to striking a balance
is the fact that ecosystem services provide beneﬁts at a variety of
spatial scales, ranging from the local to the global (see Balmford and
Whitten, 2003; Ferraro and Kiss, 2002; Sandler, 1993 for estimates of
relevant boundaries). Local efforts to provide ecosystem services are
unlikely to consider global beneﬁts, and global beneﬁciaries are prone
to free-ride on local efforts. The likely result is an under-provision of
global ecosystem services (Farley, 1999; Farley et al., 2007; Ferraro
and Simpson, 2002).
Of the ﬁve mechanisms available for ensuring the provision of
ecosystem services–prescription, penalties, persuasion, property
rights and payments (Salzman, 2005)–only payments are likely to
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be effective at the global level. International law recognizes a nation's
sovereign right to use its own natural resources as it wishes, which
rules out penalties, prescription, and externally mandated changes in
property rights. Low-income nations hold much of the planet's
ecological wealth, and it would be difﬁcult to persuade them to
forgo the beneﬁts of converting it to economic production in order to
maintain global ecosystem services. Payment schemes in contrast
impose fewer threats to sovereignty and are likely to be welcomed by
low-income nations.
A number of international payment for ecosystem service (IPES)
schemes exist, but their impact on ecosystem service provision
remains negligible. Effective IPES schemes face several serious
obstacles. First, such schemes require an institution capable of
collecting payments from global beneﬁciaries, which confronts the
typical challenges of international collective action problems (Balmford and Whitten, 2003; Ferraro and Simpson, 2002; Kaul et al., 2002;
Sandler, 1998). Payments must at least cover incremental costs of
service provision net of any local and national beneﬁts, but should not
exceed net global beneﬁts (Daly and Farley, 2004; Olson, 1969).
Unfortunately, international payments for the raw materials that
serve as the structural building blocks for ecosystems, for agricultural
products from converted ecosystems, and for the fossil fuels and
mineral resources whose waste products destroy ecosystem services
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totals nearly 4 trillion dollars per year (World Trade Organization,
2006). In comparison, direct international payments for the ecosystem services which that structure could otherwise provide, dominated by carbon markets (Huberman and Leipprand, 2006), are
negligible: international payments for both carbon sequestration
and emission reduction projects totaled just over 7 billion dollars in
2008 (Capoor and Ambrosi, 2009). Existing monetary incentives for
allocating natural capital between economic production and vital
ecosystem services are horribly lopsided.
Second, an effective IPES scheme would need to develop an
efﬁcient mechanism for disbursing payments in exchange for the
provision of ecosystem services. Aside from carbon sequestration,
most existing schemes pay for ecosystem services indirectly by
supporting environmentally friendly commercial activities like certiﬁed logging, apiculture, or eco-tourism, but direct payments are likely
to be more effective (Ferraro, 2001; Ferraro and Kiss, 2002). Where
direct payment systems do exist, they typically fund speciﬁc projects
with recipients chosen by centralized organizations, and the information required to decide between competing proposals is immense.
Grant writing skills may play as much of a role in determining what
projects are funded as the quality of the project itself, and transaction
costs can be very high. An effective mechanism should minimize
transaction, implementation and opportunity costs, which requires
decentralized decision-making (Daly and Farley, 2004).
A third obstacle is the lack of well deﬁned property rights within
many countries, a prerequisite for effective market mechanisms,
compounded by concerns in many nations about “ecological imperialism” and threats to sovereignty (Farley et al., 2007). Finally, our
ignorance concerning how ecosystems generate services and how
human activities affect them is a challenge for any PES scheme, and
system uncertainty increases along with system boundaries. This
makes it difﬁcult to decide what activities PES schemes should pay for
and the level of services provided by those activities.
This article proposes an IPES scheme for climate regulation and
biodiversity ﬁnanced by carbon auctions that addresses these
problems. A carbon cap and auction system in the wealthy nations
could generate dramatic increases in funding for mitigating climate
change and biodiversity. Funds would be distributed through an
international scheme based on Brazil's ICMS ecológico (a successful
intergovernmental ﬁscal transfer scheme) to compensate for land
uses that generate a bundle global ecosystem services, such as
reducing emissions from deforestation and forest degradation
(REDD). Funds should also be invested in open source technologies
that protect and provide global ecosystem services. Our recommendations may appear naïve in today's political climate, but global
climate change and biodiversity loss are two of the most serious
threats our civilization has ever faced, and people are beginning to
wake up to this fact. Solving these problems without signiﬁcant
resources may prove impossible.
2. The Status and Nature of the Services
Ecosystem services are frequently deﬁned as “the beneﬁts people
obtain from ecosystems” (TEEB, 2008). A more useful deﬁnition
distinguishes between ecosystems as funds and stocks (GeorgescuRoegen, 1971). An ecosystem fund is a particular conﬁguration of
structural components (water, minerals, soil, plants, animals and so
on) that generates a ﬂux of services of value to humans and other
species. The fund provides services at a given rate over time and is not
physically transformed into the services it provides. Services cannot
be stockpiled. In contrast, the structural components of ecosystems
alternatively serve as stock-ﬂow resources that can be used up at a
rate we choose, are physically transformed into products, and can be
stockpiled.
The waste absorption capacity for CO2 (a service) and biodiversity
(a critical component of ecosystem funds that generates a variety of

services, hereafter referred to as a service) serve as excellent case
studies for IPES schemes for three reasons: they are two of the most
important global ecosystem fund-services and their adequate provision helps protect a number of other services (Balmford and Bond,
2005; IPCC, 2007a; Millennium Ecosystem Assessment, 2005; Stern,
2006; TEEB, 2008; Wilson, 2002); they are the focus of existing PES
schemes (Landell-Mills and Porras, 2002; Pagiola et al., 2002;
Wunder, 2007); and their physical characteristics are sufﬁciently
different from each other so that schemes capable of providing them
both can be generalized to other ecosystem fund-services.
Though fraught with uncertainty, climate models predict potentially catastrophic impacts, including the loss of up to 50% of
biodiversity, if temperatures increase even 3 °C. With a doubling of
CO2 equivalent levels1 (CO2-e) over pre-industrial levels, the IPCC
estimates a 77% chance of temperature rise exceeding 2 °C. Absent
emission reductions, CO2-e levels may double by 2035. We will need
to reduce global emissions by 70% by 2050 and by 80% by 2100 if we
hope to limit CO2-e levels to a 62% increase (450 ppm) (IPCC, 2007d;
Meinshausen, 2006; Stern, 2006). Even current atmospheric carbon
stocks (about 390 ppm CO2, or 430 ppm CO2-e) put us at serious risk,
and some leading scientist call for stabilizing CO2 stocks at 350 ppm
(Hansen et al., 2008)2. An equal per capita distribution of waste
absorption capacity would require wealthy nations to eventually
reduce their emission ﬂows by at least 90% even if we ignore historic
contributions to the atmospheric stock.
The impacts of biodiversity loss are even more uncertain, but
potentially at least as severe (TEEB, 2008). Biodiversity is a complex
multi-level concept, encompassing genetic diversity—the variability
of genetic material within species; species diversity—the variability
among and between species; and ecosystem diversity—the variety
and complexity of communities of species (Clark and Downes, 1996).
Abundant evidence suggests that biodiversity enhances both the
productivity and stability of ecosystems, maintaining resilience in the
presence of shocks and ensuring the continued provision of ecosystem
services (Chapin et al., 1998; Gowdy, 1997; Naeem, 1998; Odum,
1989; Tilman and Downing, 1994; Worm et al., 2006). Biodiversity
therefore acts like an insurance policy against catastrophic change,
and climate change increases the value of biodiversity. Current rates
of species loss are 100–1000 their pre human levels (Pimm et al.,
1995). If we lose enough diversity, we risk catastrophic collapse of the
ecosystem and with it almost all ecosystem services (Millennium
Ecosystem Assessment, 2005; TEEB, 2008).
Both climate stability and biodiversity are essential to human wellbeing, and given their system-wide impacts, it seems unlikely that we
can develop technological substitutes for the beneﬁts they provide
(Stern, 2006; TEEB, 2008). However, their very different characteristics as ecosystem services mean that different mechanisms will be
required to ensure their continued provision.
Climate regulation is a perfect example of a pure global public
good. The service is completely non-excludable; once available it is
virtually impossible to prevent people from using it. It is also
completely non-rival; one person's use of the service has no impact
on the quantity of the service left for others to use. Conventional
markets fail to directly provide pure public goods. However, waste
absorption capacity is a rival good—when an ecosystem absorbs one
country's CO2 emissions, it has a reduced capacity to absorb someone
else's. Waste absorption capacity becomes excludable when governments pass and enforce laws regulating waste emissions, which
creates property rights where none existed previously. While climate
change will have different impacts in different places, the spatial
distribution of greenhouse gas (GHG) emissions does not matter. Such
1
CO2 equivalent (CO2-e) includes the impact of other greenhouse gasses converted
into CO2 equivalents.
2
Note that the Stern Review uses CO2-e, while Hansen et al. refer to CO2, so the
numbers are not directly comparable.

J. Farley et al. / Ecological Economics 69 (2010) 2075–2084

characteristics mean that market allocation of waste absorption
capacity is in theory quite simple, though prone to free-riding when
some countries refuse to regulate emissions.
The physical characteristics of biodiversity in contrast make it
exceedingly difﬁcult to provide through market mechanisms. Like
climate stability, the beneﬁts of biodiversity are inherently nonexcludable, so that it is virtually impossible to develop a market
mechanism through which only those who pay for conserving
biodiversity beneﬁt. There is thus an incentive for some nations and
individuals to free-ride on the conservation efforts of others. Most of the
beneﬁts are also non-rival, so any mechanism that required payment to
enjoy existing beneﬁts would actually reduce the use and hence value of
these beneﬁts. The ecosystem structure that sustains biodiversity is
often excludable and rival, and is already bought and sold in markets.
However, even here private property rights are often poorly deﬁned or
poorly enforced and controlled by different institutions, confounding
efforts to create effective markets. In addition, the beneﬁts of
biodiversity vary considerably across time and space, ignoring political
boundaries. In contrast to reducing greenhouse gas emissions, where
biodiversity conservation takes place has a profound impact on the level
of beneﬁts and their distribution, so that every conservation project
must be evaluated separately, yet in many cases even experts lack the
knowledge to perform accurate evaluations.
3. How Much Should we Dedicate to the Provision of Global
Ecosystem Services? A Qualitative Assessment
While some biodiversity and some climate stability are essential,
we do not know how much of both we should preserve. Economists
argue that we should preserve or restore ecosystems as long as the
marginal beneﬁts of doing so exceed the marginal costs. The challenge
lies in identifying, measuring and comparing the myriad costs and
beneﬁts involved. In complex ecological–economic systems, elements
of this challenge include uncertainty and systemic ignorance
regarding ecological outcomes and technological progress (Faber et
al., 1998), potentially incommensurable values (Martinez-Alier et al.,
1998), and the difﬁculties in comparing future and present values
(Voinov and Farley, 2007).
In deciding how much to dedicate to mitigating climate change,
economists have primarily used cost beneﬁt analysis (CBA). Many of
these studies claim that the net present value of vigorous mitigation
efforts may be negative, and we should focus initially on low or nocost mitigation efforts (e.g. Nordhaus, 2008), which could still reduce
emissions by as much as 23% by 2020 in the USA (Creyts et al., 2007).
Some economists even claim that because climate change primarily
affects agriculture, which is only a small percentage of GNP in the
wealthiest nations, it will have minimal impacts on our welfare
(Beckerman, 1995; see Daly, 2000 for discussion; Schelling, 2007); the
underlying assumption is that all resources have substitutes, even
food. Other studies using lower discount rates ﬁnd that the net
present value of mitigation efforts are positive (Cline, 1992; Stern,
2006). The Stern Review (Stern, 2006), for example, concludes that
without mitigation efforts, climate change by 2050 will reduce GNP by
20% compared to what it otherwise would have been, and argues we
should spend about 1% of gross world product annually to mitigate
this loss. However, the Stern Review assumes that even with
unmitigated climate change, the economy will be more than twice
as large in 2050 as it currently is (which we consider a highly unlikely
assumption), and its authors thus ask the current generation to make
sacriﬁces for much richer future generations.
Unfortunately, such CBA does not hold up well under scrutiny, as
the Stern Review itself explains at considerable length. First,
measuring all values from loss of human life to species extinction in
the same unit (generally money) is morally and scientiﬁcally dubious
(Ackerman and Heinzerling, 2004; Gowdy, 1997; Martinez-Alier et al.,
1998; Vatn and Bromley, 1994). Second, the discount rate is a critical
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variable in CBAs, but there is considerable debate over the proper
discount rate, or even whether a positive discount rate is appropriate
at all when dealing with large systems and the distant future (Portney
and Weyant, 1999; Voinov and Farley, 2007; Weitzman, 1998). Third,
CBAs require that uncertain values be replaced with a “certainty
equivalent” or that extensive sensitivity analysis be done, but in many
cases we have no idea what future outcomes will be, much less their
probability. Fourth, empirical studies have shown that CBAs of
environmental regulations systematically overestimate the costs of
compliance (Ackerman and Heinzerling, 2004; Harrington et al.,
1999). Finally, all CBAs of climate change that we know of assume a
background rate of continued economic growth, which may be
impossible to sustain in the face of environmental degradation and
without continued large scale use of fossil fuels (Deffeyes, 2003;
Heinberg, 2003).
There is considerably less data on how much we should spend to
deal with the global biodiversity crisis, as most studies focus only on
individual ecosystems and species (Turner et al., 2007). Contingent
valuation studies for non-use values suggest that global willingness to
pay for protecting tropical forests ranges from $25–$1400/ha/year
(Pearce, 2007), but these values are probably trivial compared to
biodiversity's indirect use values in sustaining essential ecosystem
services. James et al. (2001) calculate that $317 billion/year would be
required to maintain global biodiversity and evolutionary potential,
and Balmford et al. (2002) ﬁnd that returns on the ﬁrst $45 billion
invested annually would be 100:1. Current expenditures are in the
neighborhood of $10 billion annually (Pearce, 2007).
The most serious challenge to deciding how much we should pay
to protect climate stability and global biodiversity is the level of
uncertainty involved. Future outcomes depend on both evolutionary
and technological change, which are unpredictable by their very
nature (Faber et al., 1998). The global ecosystem is an extremely
complex non-linear system with a sample size of one, and there may
be time lags of decades to centuries before the full impacts of our
activities are felt. At least some level of climate stability and
biodiversity are essential to human survival, and substitution for the
services they provide may be impossible. Services with such
characteristics exhibit inelastic demand, and as their supply dwindles
to critical levels, small changes in quantity will lead to enormous
changes in marginal value. Take for example an ecosystem such as the
Amazon rainforest, a mega-diverse region that helps regulate the
global climate (Flannery, 2005). Studies suggest that if as little as 30%
of the forest is cleared, it will no longer generate enough rainfall to
sustain itself, and may convert into a savannah system. The resulting
loss of ecosystem services could prove catastrophic (Nepstad et al.,
2007; Salati, 1987; Salati and Vose, 1984). As we near this critical
threshold, the marginal value of a forest hectare increases astronomically, and marginal valuation of beneﬁts becomes increasingly
inappropriate (Farley, 2008; Limburg et al., 2002; Pearce, 2007).
Estimating the opportunity costs of protecting these ecosystem
services, as measured by reduced expenditures on other activities, is
subject to much less uncertainty. We have real data on quality of life
for historically lower levels of consumption. The Stern Review claims
that it would require 1% of gross world product annually over the next
50–100 years to stabilize atmospheric carbon at 550 ppm, reducing
the risk of exceeding a potentially catastrophic 3 °C climate change to
32%, according to IPCC models. Had we initiated such mitigation
efforts last year, we would currently be enjoying our living standards
from 4–5 months ago. The estimated costs of stabilizing at 450 ppm,
where there is only a 6% chance of exceeding 3 °C climate change,
range from an additional 0.31%–0.76% of gross world product (Stern,
2006), which would force us to accept our living standards from
8 months ago.
Recent studies have shown that economic growth is not required to
reach full employment, reduce poverty and deﬁcits, or achieve other
important societal goals (Jackson, 2009; Victor, 2008). A growing
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number of economists argue that ecological sustainability and social
justice actually requires degrowth (economic contraction) in the
wealthier nations (Flipo and Schneider, 2008; Rijnhout and Schauer,
2009). The annual increment in per capita economic output from the
World's wealthiest nations (the European Union, the United States,
Japan, Canada and Australia) could provide some $800 billion (2% of
$40 trillion) annually (IMF, 2009) for addressing climate change and
biodiversity loss, much of which could fund IPES. Accepting degrowth in
consumption could generate substantially more revenue. While
historically the poor have suffered the most from unplanned economic
contractions, a planned contraction and reallocation of expenditures can
avoid such outcomes (Victor, 2008).
4. Assessing Existing Global Institutions
Global public goods generated by complex systems with diffused
costs and beneﬁts, biodiversity, and climate stability combine “all the
factors that make it hard to construct successful foreign policy”
(Victor, 2004). As is obvious from their continuing degradation,
existing mechanisms for providing these global public goods are
indeed inadequate.
Effective mechanisms should follow the 10 principles laid out in the
Heredia Declaration on payments for ecosystem services, which are
HP1) measurement of services provided; HP2) bundling of services;
HP3) matching the scale of institutions to services; HP4) establishing
property rights, common or private; HP5) just distribution; HP6)
sustainable funding; HP7) adaptive management; HP8) education to
achieve political will; HP9) broad stakeholder participation; and
HP10) policy coherence (see Farley and Costanza, 2010-this issue for
details).
Mechanisms should also allow micro-ﬂexibility in achieving macro
level goals (Daly and Farley, 2004). Macro level goals should be
determined by the best available science concerning ecological
thresholds (e.g. biodiversity required to sustain critical ecosystem
services and evolutionary potential, the ecological absorption capacity
for carbon dioxide) weighted by global societal attitudes towards risk
and our ethical obligations to future generations (see Rockstrom et al.,
2009 for estimates of relevant thresholds). For both biodiversity and
climate stability, centralized institutions can gather most available
knowledge, serve as a forum for discussing relevant values, and make
the best educated guesses concerning acceptable levels of carbon
emissions and biodiversity loss, as has been attempted with the
Intergovernmental Panel on Climate Change (IPCC), the Convention
on Biological Diversity (CBD), and the Millennium Ecosystem
Assessment (MEA). However, it is considerably more difﬁcult for
any global institution to centralize knowledge about the local costs
and beneﬁts of reducing carbon emissions, increasing carbon capture,
and sustaining biodiversity, which can vary dramatically across short
distances within the same ecosystem. An appropriate mechanism
should, like markets, be able to use “knowledge which is not given to
anyone in its totality” (Hayek, 1945, p. 520).
4.1. Carbon
Climate change can be addressed through combinations of
adaptation and mitigation, but only the latter seeks to provide global
ecosystem services. Mitigation requires either reducing carbon
emissions or increasing absorption capacity. The world's landmark
institution for addressing climate change, the Kyoto Protocol to the
UNFCCC, employs both approaches, taking advantage of the rival
nature of the waste absorption capacity for CO2 and our ability to
create excludable property rights to waste emissions.
Speciﬁcally, Kyoto negotiates macro level caps on carbon emissions (assigned amounts) in the Annex I countries (industrialized and
transition countries obliged to reduce emissions) then allows three
micro-ﬂexibility mechanisms for meeting these caps. The Clean

Development Mechanism (CDM) allows Annex II (most developed)
countries to earn tradable carbon credits (certiﬁed emission reductions or CERs) by funding abatement projects promoting “sustainable
development” in non-Annex I (less developed) countries that
otherwise have no emissions reduction commitments. Joint Implementation (JI) basically allows Annex II countries to do the same for
transition countries, earning in this case emission reduction units
(ERUs). CDM and JI activities can either decrease sources of carbon or
increase sinks to offset emissions in Annex II countries, but must meet
the additionality requirement by providing net reductions relative to
the emissions level expected in the absence of a particular project's
implementation. Emissions trading, launched in 2008 allows those
Annex I countries that exceed their emissions reductions target to
trade permits (assigned amount units or AAUs) with those who fall
short. CERs, ERUs and AAUs are all standardized to one ton of CO2
equivalent (UNFCCC, 1998).
Within their borders, Annex I countries are free to meet their caps
as they see ﬁt, but by far the dominant mechanism to date is cap and
trade, mirroring Kyoto's architecture. The EU's Emissions Trading
System (EU-ETS), launched in 2005, is the world's largest carbon
trading market, covering nearly 50% of EU emissions. In the trial phase
(2005–2007) most permit allocations (EUAs) were given away to
polluting ﬁrms, and actually exceeded business as usual emissions.
After this was revealed in April 2006, prices plunged, approaching
zero by December 2007 (Alberola et al., 2008). In Phase II (2008–
2012) EUA prices have ﬂuctuated widely, declining by 1/2 between
October 2008 and December 2009 as the recession led many ﬁrms to
sell off the EUAs they had received for free. Nonetheless, the EUA
market was worth nearly $92 billion in 2008. Phase III (2013–2020)
will aim to cut emissions to 20% below 2005 levels, falling short of the
25–40% reductions recommended by the IPCC in order to stabilize
atmospheric emissions at 450 ppm. At least half of EUAs will be
auctioned off beginning in 2013, gradually ramping up to 70–80% by
2020 (Capoor and Ambrosi, 2009).
While the emissions trading of the Kyoto Protocol and EU-ETS is in
principle cost effective, the other ﬂexibility mechanisms may not be,
and may undermine macro level caps. Through 2007 some 30% of
CDM projects were based on oxidation of HFC-23, a byproduct of
producing HCFCs, and costs were so low that ﬁrms earned more from
selling CERs than from producing the HCFCs themselves. Simply
subsidizing the costs of oxidization instead of using the CDM would
have saved €4.6 billion to spend on other forms of climate protection
(Wara, 2007). Ozone experts argue that the direct regulations of the
Montreal Protocol are far more efﬁcient than market mechanisms at
reducing emissions, and should be extended to include green house
refrigerants (Tollefson, 2009). Proving additionality is challenging, as
offsets “are an imaginary commodity created by deducting what you
hope happens from what you guess would have happened.”(Welch,
2007) Additionality may even create perverse incentives for countries
to lower environmental standards, so that more projects count as
additional (Mukerjee, 2009). Rapidly cycling biological carbon cannot
meaningfully offset geologic carbon that would otherwise remain
sequestered for millions of years, and there is even evidence that
some offset projects increase carbon emissions through soil oxidation
(Lohman, 2006). Offsets are intended to reduce the cost of meeting
caps, which also reduces incentives to develop alternatives to fossil
fuels. Though two ﬁfths or more of CDM projects may actually involve
no net reductions (Mukerjee, 2009), when we exclude them the
EU-ETS failed to reduce emissions at all through 2009 (Gilbertson and
Reyes, 2009). Finally, many CDM projects may have negative impacts
on the poor (Lohman, 2006), though there is hope that the agreement
at COP 15 in Copenhagen to allow reducing emissions from
deforestation and forest degradation (REDD) may aid the poor
(Coomes et al., 2008) and protect other ecosystem services as well.
Other shortcomings of the Kyoto Protocol from the perspective of
IPES include the lack of participation by some of the worst emitters,
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the extensive inﬂuence of the business sector on emission levels, and
the failure to bundle other ecosystem services with carbon sequestration. The need for the IPCC reports to achieve some degree of
consensus across all participating nations may limit their ability to
educate politicians and the general population on the importance of
climate change.
4.2. Biodiversity
Given the unavoidable public good nature of the problem, “it is no
surprise that private purchasers of biodiversity's beneﬁts are hard to
come by, which explains why there are so few true markets for
biodiversity” (Salzman, 2005, p. 883). Non-market institutions such as
government will almost certainly be required to solve the problem,
but international institutions at the scale of the problem have just
begun to emerge. Owing to space limitations, we focus here only on
the Global Environmental Facility (GEF) which is the ﬁnancing
mechanism for the Convention on Biological Diversity (CBD) and
hence the main source of multilateral ﬁnancing for biodiversity
preservation and conservation.
The Global Environmental Facility became operational in 1992, and
serves as the ﬁnancing mechanism for both the implementation of the
CBD and UNFCCC. The GEF provides “a mechanism for international
cooperation for the purpose of providing new and additional grant and
concessional funding to meet the agreed incremental costs of measures
to achieve agreed environmental beneﬁts” (UNDP-GEF, 1998). Four out
of 15 operational programs focus exclusively on biodiversity, following
CBD guidelines, which emphasize conservation of biodiversity, sustainable use of its components, and fair and equitable sharing of beneﬁts
arising from the use of genetic resources. Funding is disbursed on a
project-by-project basis, each requiring a grant proposal. Proposals are
submitted directly to the UNDP, UNEP, or the World Bank, which are the
implementing and executing agencies. The GEF explicitly strives to
foster market mechanisms for biodiversity goods and services, including
PES.
The GEF is funded by voluntary donations from wealthy nations,
with no guarantee of sustainability. It disburses resources to countries
based on global environmental priorities as measured by the climate
change and biodiversity components of a GEF Beneﬁts Index, and by
country-level performance that ranks countries by their ability to
meet GEF biodiversity objectives. Unfortunately, only one of 15
operational programs targets projects that bundle at least two
ecosystem services. Though the GEF pushes for sustainable ﬁnancing
of protected area systems at the national level, disbursement on a
project-by-project basis fails to assure funding beyond the typical ﬁve
to seven year project cycle. The operational principle of funding only
incremental costs attempts to match institutions to the scale of the
problem. However, the difﬁculties in determining incremental costs
are akin to those of determining additionality, as described above. In
practice, the GEF reputedly calculates the difference between a total
project budget and the national share of that budget, and declares that
sum to be equal to incremental costs.
The bi-annual Conferences of the Parties (COPs) for the CBD
facilitates adaptive management at the institutional level, but the
short-term project time horizons offer little opportunity for adaptive
management within actual projects. The COPs also seek to improve
policy coherence and are currently examining proposals for removing
or mitigating perverse incentives that threaten biodiversity.
The GEF makes abundant educational material available on the Web,
carries out monitoring and evaluation of all its projects, and discloses all
non-conﬁdential information. Participation, ﬂexibility and cost effectiveness are all operational principles of the GEF, but its centralized
nature does little to facilitate them (GEF, 2004; UNDP-GEF, 1998).
Perhaps most problematic, potential recipients must submit
project proposals to a centralized bureaucracy that decides which
projects are best then funds them for a ﬁxed period of time. Proposal
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writing takes considerable effort, and limits funding to those with
writing skills. Reviewing proposals also requires effort, and centralized decision makers inevitably lack the knowledge of local
circumstances that would be required to make the best decisions,
limiting opportunities for micro-ﬂexibility. Once money is disbursed,
there is no guarantee that projects will succeed, in spite of expensive
monitoring and evaluation. The GEF operates as a central authority
with centralized knowledge, and in many ways is the antithesis of a
market mechanism.
5. Possibilities for New IPES Schemes
If we are to build a sustainable future for humanity, we must
develop mechanisms that will ensure the provision of critical global
ecosystem services which existing international mechanisms have
failed to adequately protect. We require both far more resources and
better mechanisms. However, given the urgency of the problem, we
must work with what we have and improve as we go.
Appropriate mechanisms must collect and disburse funds effectively and ratchet funding upwards or downwards as needed to
adequately address the problem. Collecting funds confronts a global
collective action problem. Auctioning off carbon caps or taxing
emissions can simultaneously help stabilize the global climate while
providing funds for global biodiversity PES schemes. Concerning
disbursement, there is still considerable debate at a national level
whether regulations are superior to market mechanisms, and whether
market mechanisms should be based on property rights, incentives, or
disincentives (Coase, 1988; Gustafsson, 1998). The debate is simpler
at the global level: no authorities currently exist capable of imposing
regulations or disincentives and many countries feel threatened by
outright land purchases, which forces us to rely on incentive
mechanisms. We propose adapting an existing policy used in several
Brazilian states, known as the “ecological value added tax”, to the
global level. Biodiversity and carbon sequestration projects should
complement national projects that provide other ecosystem services.
Sequestration projects should not be in the form of offsets, which
substitute for emissions reductions, but rather should complement
such reductions. We also propose an indirect approach to global PES
based on the more efﬁcient production and dissemination of
technological solutions, which requires a fundamental rethinking of
global intellectual property rights.
5.1. Finance: Collecting Adequate Resources while Reducing Carbon
Emissions
Sustainable funding at adequate levels is a prerequisite for any
effective global system of payments for ecosystem services. Mechanisms should be automatic, not voluntary. Suitable mechanisms for
ﬁnancing global public goods include charges for the global commons
(Stiglitz, 1999), international taxation, a Tobin tax on ﬁnancial
transactions (Bezanson and Mendez, 1995), and the re-targeting of
an estimated $950–1450 billion dollars annually in environmentally
perverse subsidies (James et al., 2001). An ideal ﬁnancing mechanism
should meet three key criteria. First, the marginal payment from each
contributor should at least be proportional to beneﬁts received or
harm done. Second, there should be a feedback loop through which
revenue collected increases or decreases along with threats to the
services in question. Third, transaction costs should be minimized,
which is more likely to happen if the collection system piggy backs on
existing institutions or mechanisms.
A charge on global carbon sequestration capacity via taxes or cap
and auction schemes not only helps address climate change, but could
also generate revenue for the provision of other global public goods
(Cooper, 2002). Proportionality of payments is obvious for climate
stability, but also holds for biodiversity. The major threats to
biodiversity loss include climate change, habitat loss and degradation,
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pollution and unsustainable harvest levels (Millennium Ecosystem
Assessment, 2005). Energy (which in modern society means fossil
fuels) is required to do work and work is required to convert habitats
to other uses and to harvest species. Fossil fuels drive climate change
and are a major source of pollution. Carbon charges would therefore
also collect revenue from those who pose the greatest threats to
biodiversity.
Global carbon taxes provide a built-in feedback mechanism for
funding biodiversity—revenues rise and fall with fossil fuel use, so
more resources for PES schemes become available as threats increase.
In cap and auction schemes without offsets, however, supply is
determined by society, not by the market. While the CDM mechanism
theoretically allows the supply of waste absorption capacity to
respond to price increases, it is fraught with difﬁculties as discussed
above. The necessary feedback loop must instead be achieved through
the process of adaptive management, for example through a periodic
Conference of the Parties, which adjusts the socially determined
supply in response to new information. As demand for energy is
inelastic, demand for emissions permits would be as well, and
generating more revenue would require reducing caps. However, cap
and auction provides a better feedback mechanism than taxes for
climate stability, as prices can adjust to caps determined by ecological
criteria much more readily than ecosystems can adjust to emission
quantities determined by prices (Daly, 1997). If the cap were set to
reach the waste absorption capacity for carbon dioxide (about 20% of
current emissions (IPCC, 2007d)) over a given time span, , it would not
need to be changed, while taxes targeting the same emissions level
would need to be readjusted constantly. A number of economists have
argued that taxes produce less volatile prices (e.g. Kahn and
Franceschi, 2006), but variations in supply contribute substantially
to the price volatility of fossil fuels (and other resources exhibiting
inelastic demand), and quotas should reduce this source of volatility.
On balance, we believe that cap and auction is preferable to taxes, but
either is appropriate.
How much money could such schemes generate? Estimates vary
wildly, as we cannot predict new cost-saving technologies. RAND
corporation economists estimate that a $30/ton carbon dioxide tax
(∼$8.70/ton carbon) would reduce emissions by 20% and generate
over $150 billion dollars per year in the US alone (Crane and Bartis,
2007). Though the EU-ETS scheme may have actually given out more
emission permits than required, credit permits markets were
nonetheless worth nearly $125 billion in 2008 (Capoor and Ambrosi,
2009), suggesting that the RAND study may underestimate potential
revenues. We favor caps that reduce emissions by at least 25–40% over
1990 levels by 2025, as called for by the IPCC in targeting 450 ppm
atmospheric CO2 (IPCC, 2007b). Nordhaus claims this target would
require steadily increasing taxes beginning at $300/ton (Nordhaus,
2007), and auctioned permits should cost the same, generating
adequate funding for a meaningful global IPES scheme.
A sticky issue with negotiating such a cap and auction scheme is
the refusal of the US and some other wealthy countries to make
meaningful emissions reductions unless major polluters such as India
and China do so. Developing countries argue that they were not
responsible for current atmospheric stocks, and therefore should not
be forced to curtail current emissions to address the problem. A
compromise is to negotiate a cap and auction system for the relatively
few countries responsible for 90% of global emissions, then allow the
developing countries to spend auction revenue on their own
development needs.
Unfortunately, participation and complete property rights will
remain a problem with this and other strategies as long as countries
continue to prioritize economic growth over ecological life support
functions. The issue is really one of education and politics: neither the
general public nor decision makers appear to be well-informed
concerning the relative contributions of global ecosystem services and
economic growth to our well-being.

5.2. Two Proposals for Alternative Global PES Schemes
Funding a PES scheme is only half the challenge. An efﬁcient PES
system for global public goods also requires an efﬁcient disbursement
mechanism. Our assessment of the GEF found that while it has certain
strengths, centralized decision-making allows little micro-ﬂexibility in
pursuit of macro goals, and creates high transaction, monitoring and
evaluation costs, so that it is unlikely to be cost effective. The GEF is also
ill suited for countries where property rights are poorly deﬁned. We
need instead a system through which appropriate incentives to achieve
global goals are supplied at the global level, but decisions are made at
the local level. The system should also be ﬂexible enough to cope with
poorly deﬁned private property rights and the different legal, economic
and social institutions around the world. Transaction costs should be
minimized, and national sovereignty must be respected.
5.2.1. Brazil's ICMS Ecológico Adapted to a Global Scale
An intergovernmental ﬁscal transfer policy dubbed the ICMS
Ecológico (ICMS-E), used in some Brazilian states to pay for ecosystem
services could be adapted to the global level and should offer
substantial improvements over existing mechanisms. Brazilian states
capture most of their revenue from sales taxes, and by law must
return 25% to municipalities. The states are allowed to determine the
criteria by which 25% of these funds (i.e. 6.75% of the total) are
returned to the municipalities. In 1991, the state of Parana
implemented a law that awarded 5% of ICMS revenue to municipalities in proportion to their protection of watersheds and conservation
areas. The initial goal of this policy was to compensate municipalities
for the opportunity costs of conservation areas and for protecting
watersheds that beneﬁted other municipalities, but the way in which
the law was implemented created signiﬁcant incentives for the
creation of new protected areas. Explicit objectives of the policy now
include increasing the number and area of protected areas; enhancing
the regularization, planning, implementation and sustainability of
protected areas; providing incentives for the construction of ecological corridors connecting habitat fragments; stimulating the adoption,
development and consolidation of state and municipal institutions
relevant to biodiversity conservation; and ﬁscal justice for environmental conservation. The net result is an incentive to maintain and
expand land uses that provide critical ecosystem services through the
provision of natural capital (Grieg-Gran, 2000; Loureiro, 2002; May et
al., 2002; Ring, 2008).
In Parana, there are two basic criteria for disbursing money for
conservation areas. First is the quantitative coefﬁcient of biodiversity
conservation, which is simply the percentage of municipal land area
under conservation corrected by a multiplier that characterizes the level
of restriction on use (e.g. biological reserve, park and so on). Payments to
municipalities are even provided for federal and private protected areas.
Second is a qualitative dimension that assesses the physical and
biological quality of the conservation unit, the quality of water resources
in and around the unit, the extent to which the unit is representative of
ecosystems in the region, the quality of planning, implementation,
maintenance and management, infrastructure, equipment, legitimacy of
the unit in the community, and so on. Municipalities are under no
obligation to create and improve protected areas, but are awarded to the
extent they meet these criteria relative to other municipalities. As only a
ﬁxed pool of money is available in any given year, the municipalities in
effect compete with each other to receive the money (Loureiro, 2002).
So far, the model appears to be quite successful and cost effective.
In Parana, total conservation units increased by over 160% between
1992 and 2007, while municipal protected areas, those most directly
affected by the policy, have increased by over 2500% (Denardin et al.,
2008). Transaction costs have been very low: in the ﬁrst 4 years
following implementation, approximately US$30 million dollars were
redistributed at an incremental administrative cost of only
$30 thousand (Vogel, 1997).
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Conceptually, it would be very simple to adapt the model to the
global scale with a global institution ﬁnanced by carbon charges
allocating its annual budget to countries, states or even municipalities
(hereafter referred to as providers) in proportion to the quantity and
quality of ecosystem services they provide. In practice however, there
would be signiﬁcant problems to overcome.
Lump sum payments to providers who meet speciﬁed criteria
regardless of how or why they do so eliminates concerns over leakage
and additionality by forcing the wealthy countries to pay for all
beneﬁts received, including those they would have received anyway
by free-riding on existing provision. Conditional lump sum transfers
are payments for services currently provided. However, such
payments could be used to fund projects that ultimately degrade
ecosystem services if providers believe these would be eventually
prove more lucrative than payments. An alternative is to earmark
payments for additional investments in ecosystem services. However,
earmarking of funds requires both monitoring of use and veriﬁcation
of outcomes, which are expensive, intrusive and, given the fungibility
of money, quite difﬁcult. Theoretical models indicate that earmarks
are appropriate for activities that increase ecosystem services, while
lump sum transfers are better for protecting existing provision,
suggesting a hybrid approach (Dur and Staal, 2008; Kumar and
Managi, 2009). Whether REDD should be considered existing
provision and funded through lump sum transfers, or as an increase
in services, is subject to debate.
Another option would be to award providers for improvements
over baseline conditions, for services that they would not otherwise
have provided. This would confront the problems of setting baselines
and proving additionality. Furthermore, those countries that have
carefully protected their ecosystems would have no new incentives to
continue doing so, and might even begin degrading ecosystems simply
to become eligible for future compensation (Pagiola et al., 2004).
Yet another challenge is determining actual reward criteria in
addition to monitoring, reporting and veriﬁcation. Criteria should be
determined at the global level by appropriate experts in biodiversity,
ecosystem services, landscape ecology and so on, and would
presumably be a weighted index of area, quality and legal protection.
Measurement must balance accuracy with cost effectiveness and
respect for sovereignty. Remote sensing data and techniques are
already capable of identifying species' habitats, predicting species
richness and detecting natural and anthropogenic change from the
landscape to global levels. While still subject to substantial error,
remote sensing is cost effective, steadily improving (Kerr and
Ostrovsky, 2003) and minimally intrusive on national sovereignty.
As has been the case for the ICMS-E, Criteria can be simple to begin
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with but steadily improved upon as knowledge and expertise
increases (Grieg-Gran, 2000).
Whatever approach is taken, payments should target bundled
services. While targeting forest conservation based solely on carbon
sequestration also improves biodiversity conservation, targeting both
biodiversity protection and carbon sequestration simultaneously may
allow doubling the former at a cost of 4–8% in the latter (Venter et al.,
2009). Currently, carbon sequestration and forest protection (REDD)
projects are considered offsets that substitute for emissions reductions elsewhere, and focus almost entirely on carbon. Instead, such
projects should be funded as complements to binding caps to help
stabilize atmospheric CO2 concentrations below 450 ppm while
simultaneously providing biodiversity habitat and other services.
Local and national governments should also strive to bundle
important local services into IPES schemes.
In spite of signiﬁcant challenges to be overcome, the proposed
policy has important advantages. It operates on a political scale where
property rights are well enforced, eliminating the problems posed by
insecure land tenure. Perhaps most important, the policy allows
micro-ﬂexibility in the pursuit of macro goals while utilizing
institutions at the scale of the problem. Macro goals are set at the
global level along with appropriate criteria measuring the extent to
which they are achieved. Providers have different cultures, legal
institutions and opportunity costs of preserving biodiversity, and the
mechanism allows them to act on local knowledge not available to
any centralized authority and choose appropriate national or local
policies for conserving ecosystem services, helping to ensure policy
coherence. Just as ﬁrms copy industry innovators in conventional
markets, we can expect providers to copy the most cost effective and
successful approaches. Also like conventional markets, providers
would compete for a pool of money, which would provide constant
incentives for greater efﬁciencies through innovation.
5.2.2. Indirect Payments for Ecosystem Services: Open Source Information
Failure to eventually stabilize atmospheric carbon would almost
certainly impose unacceptably high costs on society. However,
stabilization requires net emissions reductions of 80% or more,
which also threatens unacceptable costs with current technologies
(IPCC, 2007c; Stern, 2006). We confront the possibility of conﬂicting
thresholds–a marginal cost curve (supply) and marginal beneﬁt curve
(demand) for CO2 emissions that do not intersect–and no economically optimal solution to the climate change problem with existing
technologies, as depicted in Fig. 1.
While little can be done to change ecological costs of emissions,
the invention, innovation and diffusion of new technologies can help

Fig. 1. Conﬂicting thresholds for CO2 emissions under current technologies, where supply and demand curves fail to intersect. Emissions levels in the absence of regulation
correspond to marginal value of emission permits equal to zero.
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Fig. 2. Technological innovation can shift the demand curve for carbon emissions to the left and make it more elastic.

reduce the economic costs of reducing emissions, shifting the
marginal beneﬁt curve from emissions to the left and making it
more elastic, as depicted in Fig. 2. The lower the level of stabilization
we aim for, the more rapidly we require new technologies.
While there is little doubt that putting a positive price on carbon
emissions will create incentives for the private sector to develop low
carbon energy technologies, there are a number of reasons why
market forces alone are inappropriate for this task (Foxon, 2003;
Stern, 2006). Information has characteristics of a public good. Even
patented information is not completely excludable. Once a technology
is developed by one ﬁrm at high cost, other ﬁrms can cheaply copy it.
The result is under-investment by the private sector in new
technologies (Arrow, 1962). Information is also non-rival, and hence
not scarce in an economic sense. The marginal cost of an additional
user, which is also the efﬁcient price, is virtually zero. A positive price
for information creates artiﬁcial scarcity, reducing both use and
economic surplus, but at the efﬁcient price there is little market
incentive to produce it (Daly and Farley, 2004). Intellectual property
rights (required for positive prices) replace one market failure with
another. Energy technologies are often risky and characterized by
economies of scale, leading to investments in incremental rather than
radical change (Stern, 2006). The basic problem is that private rates of
return to R&D in energy are lower than public rates of return, resulting
in under-investment from the private sector. Empirically, private
sector R&D in the energy sector is low relative to other industries, and
has declined signiﬁcantly since the 1980's (Alic et al., 2003; Stern,
2006).
One commonly proposed policy for increasing private sector R&D
is to strengthen intellectual property rights (IPRs) so that ﬁrms can
capture higher returns on their investments. However, “green” energy
technologies will only mitigate climate change if widely adopted, and
the monopoly prices enabled by IPRs reduce use. Technology in
general and energy technologies in particular are cumulative, and if
patents prevent access to existing technologies, it can slow the
development of new ones (Foxon, 2003; Heller, 1998; Scotchmer,
1991). Private sector scientists competing to patent new technologies
fail to share knowledge, threatening excessive duplication of research.
Another common policy approach supported by most energy
studies is to lower the costs of R&D, typically through publicly
supported R&D. Currently, the public sector accounts for some 2/3 of
energy sector R&D, but total public investments have also plunged
since the 1980's (Doornbosch and Upton, 2006). The Stern Review
calls for doubling global public sector R&D for energy to around
$20 billion per year, in pursuit of a diverse portfolio of new

technologies, and suggests international cooperation to avoid freeriding.
While public sector energy R&D must increase, and international
cooperation is important, it is in one sense impossible to free-ride on
technologies that protect or provide global ecosystem services (GES),
since the more people who use such technologies, the greater the
beneﬁts to all. Echoing Stiglitz' (1999) call for managing information
as a global public good, society should pay for technologies that
provide and protect GES by auctioning off the waste absorption
capacity for CO2 in the wealthy countries, then make them freely
available to all. A global research consortium should determine
appropriate technologies for alternative energy, agroecology, green
chemistry, industrial ecology and so on in collaboration with those
who would use them. These new technologies should be copylefted,
meaning that they are freely available for anyone to use as long as
derivative products are available on the same terms (Bollier, 2002).
The global patent system is a descendant of the Bretton Woods
institutions, which were designed to facilitate the production and
dissemination of market goods in response to economic crisis. We
now need global institutions to facilitate the production and
dissemination of global ecosystem services and other public goods,
in response to our ecological crises (Beddoe et al., 2009).

6. Conclusions
With the loss of global ecosystem services such as climate stability,
biodiversity, screening from ultraviolet radiation and so on, humans
may be facing the greatest threat to their well-being in recorded
history. Though there is evidence that political will to address the
problem is beginning to emerge, it will do little good without tested
and effective policies. Unfortunately few policies have undergone
rigorous evaluation for effectiveness, and such evaluation is desperately needed. The only way to know for sure if a policy works is to test
it; “management actions should be viewed as experiments that can
improve knowledge of social–ecological dynamics if the outcome is
monitored and appropriately analyzed” (Carpenter and Folke, 2006).
Given time constraints, we do not have time to try out dozens of
policies sequentially to see which works best. In the face of potentially
irreversible but highly uncertain biophysical limits, we need to act
immediately. Institutions concerned with global environmental
problems should fund large scale, carefully designed randomized
experiments that compare several promising global PES mechanisms,
including those described in this paper. We must implement the best
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of these policies on a broad scale, and continue to improve them
through adaptive management.
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