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Executive Summary
The purpose of this memo is to provide policymakers with an introduction to ecosystem services (ES), their importance for social welfare, options for and examples of ES markets, challenges for such markets, and recommendations for successful ES markets. Points include:
· ES are components of nature that yield benefits to humans.
· Because ES are public goods, markets fail to provide the socially optimal level of ES.
· Maximization of social welfare requires accurate valuation of and efficient provision of ES.
· Markets for ES must, among other factors, address the issues of precision and targeting.
ES Definition & Examples
Only within the past ten to fifteen years have ecologists and economists collaborated extensively to study and value ES and to advocate their inclusion in environmental policymaking. As a relatively new concept in environmental policy, some disagreement exists over the precise definition of ES, with ecologists and economists sometimes have different views. This memo adopts a definition of ES put forth by economists from Resources for the Future (RFF) since they defined ES specifically in order to facilitate the consideration of ES in standard economic cost-benefit analysis. Boyd and Banzhaf (2006) define ES as “components of nature, directly enjoyed, consumed, or used to yield human well-being.” Table 1 below presents examples of ES according to this definition while Table 2 illustrates the distinction between ecosystem functions and services.
Market Failures

ES are subject to market failure insofar as many ES are public goods or common pool resources. Since ES are, to varying degrees, non-rival in consumption and nonexclusive, in the absence of government regulation, the market will undersupply them. The public-good nature of ES means that owners of property that generates such services cannot fully benefit from the value to others of the services and thus will under-invest in providing them. Salzman (2005) provides examples of how this market failure at work by noting that wetlands provide flood control services which it is impossible to exclude downstream residents from enjoying. Likewise, the ES provided by certain species in terms of existence values are non-rival since the enjoyment of the existence of a particular species by one person does not limit the ability of other people to place the same existence value on the species. 
Policy Relevance

ES have largely been ignored to date by US environmental legislation. The Clean Air and Safe Drinking Water Acts, for example, enact environmental regulation for the purpose of protecting human health without regard to other ES. The Endangered Species Act does not consider the benefits of ecosystems but simply seeks to protect individual species.
Without including and properly valuing ES in cost-benefit analyses or correcting market failures related to ecosystems services, policymakers will fail to maximize social welfare. Moreover, policymakers must understand the various policy instruments available to correct market failures related to ES and to select, design, and implement the most appropriate such instruments.
ES Valuation

Some studies have sought to estimate the total value of all the world’s ecosystems (Costanza et al. 1997). This approach is misguided, however, and not useful for policymakers. Economists and policymakers should rather focus on valuing changes in ES. Like valuing human life, valuing nature and the natural environment raises controversies over the philosophical meaning of value. For the purposes of policymaking and analysis, the value of a change in ES is the amount that people are willing to trade to be equally well-off with as without the change—this is the standard definition of value in economics (Bockstael et al. 2000).
Table 3 below summarizes the different methods available for valuing ES. The specifics of these different methods are beyond the scope of this memo, but one should know that because ES usually do not have market prices, economists must rely on indirect and direct stated preferences. One faces several challenges in applying these economic valuation methods to ES. First, ecosystem values are spatially explicit (Boyd and Banzhaf 2006). For example, the value of an acre of wetlands will vary considerably depending on its location since its flood control is a function of its location. Second, a single ecosystem (e.g. a specific forest or wetland) provides multiple ES, so one must be careful not to confuse the value of one ES with the value of the ecosystem as a whole (NRC 2004). Third, some ES are subject to threshold effects, where the provision of ES may follow a predictable function pattern until a threshold is reached and the function becomes nonlinear or unpredictable (NRC 2004). For example, species populations important for recreation or existence values might be supplied in linear proportion to the quantity of habitat until habitat degradation exceeds some threshold at which point the species populations crash. Fourth, complete ecological understanding of ES provision may be lacking.
Policy Instruments

Salzman (2005) outlines five policy instruments available for addressing market failure related to ES: persuasion, prescription (command-and-control regulation), penalties (taxes), property rights, and payment (subsidies). Persuasion refers to the use of information campaigns and other means to try to convince property owners to increase their provision of ES (e.g. by trying to persuade landowners to preserve habitat or rare species). Since persuasion provides no legal obligation or financial incentive, it has limited efficacy. Prescription can be effective in increasing or preserving the provision of ES, but it will prove highly cost-inefficient when, as in most cases, the regulated entities are heterogeneous and can provide ES at different costs. In the case of heterogeneity, the creation of markets for ES can lead to the cost-effective provision of a desired level of ES. Policymakers can create markets for ES using taxes, subsidies, and property rights.
As discussed below, the most common method for creating ecosystem markets is via payments to the providers of ES. Salzman (2005) argues that payments are an appropriate policy instrument when: (1) government lacks the authority to impose penalties; (2) penalties are politically infeasible; (3) traditional entitlements or duty of care do not require ES provision; or (4) information is costly and asymmetric. The last point is of particular interest. If landowners have more information about the ES provided by their land than the government does (asymmetric information) and it is costly for the government to obtain this information, then payments may prove a more efficient policy instrument since they provide an incentive for landowners who know they have high-value land to self-identify and provide evidence of their high potential for ES provision.
ES markets may face opposition from some parties, however. Salzman (2005) describes some reasons behind opposition to ES payments, in particular. Payments for ES are based on the “beneficiary pays” rather than the “polluter pays” principle often favored by environmentalists. For instance, why pay landowners for managing riparian lands to reduce runoff (and thus increase the provision of clean water) when it may be the landowners activities that create the runoff in the first place? Payments for ES may strike some as rewarding landowners who failed to act in accord with an ethic of land stewardship. Even without changing the property rights regime, by paying for ES, governments effectively redefine landowners’ entitlements.
Examples of ES Markets
There are several examples of ES markets in the US and abroad, mostly based on payments for ES provision. The descriptions below cover some of the most well-known ES markets.

New York City Drinking Water

The Safe Drinking Water Act requires water suppliers to filter their water or show that they have undertaken other steps to ensure its safety. In the late 1990s, New York City faced the prospect of having to spend $4-6 billion building water-filtration plants that would cost $250 million per year to operate. Instead, New York City implemented a plan to protect the watershed in the Catskill mountains that provide New York City with its drinking water. New York City spent $250 million to buy land in the Catskills and pays farmers $100 million per year to change their practices to minimize agricultural run-off into the watershed (“Served”). Rather than spending billions on traditional water-filtration plants, New York City was able to avoid these treatment costs by creating a market for ES (i.e. clean water provided by forest, wetlands, etc.).
US Wetlands Mitigation Banking

Section 404 of the Clean Water Act prohibits the filling of wetlands without a permit. Developers must often demonstrate that they have offset the destruction of wetlands in one area with the restoration or creation of wetlands in another area. A market has sprung up where firms restore or create wetlands to generate credits that can be sold in a market to developers in need of mitigation credits to obtain their Clean Water Act permits. The unit of measurement for wetland mitigation banking is a rough one, simply acres of wetlands.
US Conservation Reserve Program
In the 1980s, the US enacted the Conservation Research Program (CRP) which provides annual payments to farmers for land taken out of cultivation and used for specific conservation purposes. The program includes payments for ES related to soil erosion prevention, water quality, and wildlife habitat with payments of $1.6 billion in 2005. The CRP uses a reverse auction in which farmers submit bids the amount of payments that they would accept to put specific acreages of land into conservation. The government uses an Environmental Benefits Index calculated based on land characteristics to rank bids based on the value of ES likely to be provided. Political pressure from agricultural lobbies have made broader participation of farmers a political goal of the program.
Australian BushTender
In 2002, Australia started a program to pay landowners to preserve areas of native vegetation out of a concern for wildlife habitat and water quality. Like CRP, BushTender uses a reverse auction and employs a methodology for scoring land to assess its likely provision of ES.
Challenges for ES Markets
Theory and practical experience with ES markets like those described above reveal several challenges to design and implementation of efficient programs.
 ES markets must properly value ES. The US Wetlands Mitigation Banking program, for example, does not differentiate between wetlands that provide high levels of ES and those that do not. Unlike in standard markets for private goods and services, the sellers of ES have no incentive to ensure that they actually provide the services for which their counterparty pays (Kroeger 2006). Holdouts may be a problem when government seeks to procure ES that rely on the participation of contiguous landowners (e.g. habitat preservation for values species). The problem of rent-seeking refers to the tendency of landowners to try to shape an ES market program to their advantage—e.g. the US CRP has become a broadly available subsidy program rather than a targeted program focused on cost-effectiveness. Additionality is the issue of whether landowners have managed their land to optimize ES irrespective of payment. If they would have, payments for ES are wasted since their provision is not additional to what would have been without them. Policymakers must also consider whether an ES market creates perverse incentives. Do ES markets undermine an ethic of responsible land management? Do they punish those who managed their land responsibly (e.g. CRP eligibility requires that land was planted for several seasons thus making ineligible farmers who had been practicing good land stewardship).
Policy Recommendations


Lessons learned from existing ES markets and recommendations based on economic and ecological theory. Salzman (2005) suggests ways that policymakers can overcome political opposition to payments for ES. By making ES payments a transitional policy with payments to be phased out over time and replaced by a more stringent duty of care for landowners, policymakers could limit the problem of payments redefining the entitlement of landowners to degrade ES. Furthermore, policymakers could combine payments and prescription by setting regulations that apply to landowners with the worst lands stewardship and making payments to the landowners who exceed minimum standards of ES provision. Policymakers must design ES markets with targeting and precision in mind (Alpízar et al. 2007). Precision refers to the accuracy with which ES are quantified and valued. In particular, policymakers must develop methods (such as multi-criteria rating formulae) that distinguish among high- and low-value lands without incurring excessive transaction costs in program administration. Ideally, the ES assessment methodology should be simple and inexpensive enough for landowners to apply it themselves to determine if their property provides high or low value ES (Kroeger 2006). Targeting means focusing the program on paying for additional ES. This can be done by rating and ranking areas for potential payments based on their vulnerability to ES degradation—e.g. by identifying land’s alternative uses. In ES markets that rely on trading credits (e.g. the US wetland mitigation market), policy design must consider the spatially explicit values of ES by, for example in the case of wetlands credit trading, limiting trades to within the same watershed (Kroeger 2006). Lastly, because ES markets are relatively new and because of the complex and often nonlinear dynamics of ES provisioning, policymakers should adopt a strategy of precaution and adaptation with continual refinement in light of new evidence and experience (Arrow et al. 2000).
Table 1: Ecosystem Services Examples

	Human Benefits
	Ecosystem Services

	Harvests
	Managed commercial
	Pollinator populations, soil quality, shade and shelter, water availability

	
	Unmanaged marine
	Target marine populations

	
	Pharmaceutical
	Biodiversity

	Amenities & Fulfillment
	Aesthetic
	Natural land cover in viewsheds

	
	Bequest, spiritual, emotional
	Wilderness, biodiversity, varied land cover

	
	Existence benefits
	Relevant species populations

	Damage Avoidance
	Health
	Air quality, drinking water quality, land uses or predator populations hostile to disease transmission

	
	Property
	Wetlands, forests, natural land cover

	Waste Assimilation
	Avoided disposal cost
	Surface and groundwater, open land

	Drinking Water Provision
	Avoided treatment cost
	Aquifer, surface water quality

	
	Avoided pumping, transport cost
	Aquifer availability

	Recreation
	Birding / Hiking / Angling
	Relevant species populations, natural land cover


Source: Boyd and Banzhaf (2006) p.
Table 2: Examples of Related Ecosystem Functions and Services
	Ecosystem Function
	Ecosystem Service
	Human Benefit

	Habitat for pollinator species
	Pollinator Species
	Harvests of crops

	Absorption of wave energy and buffering of tidal surges
	Coastal wetlands
	Avoided/reduced damage to humans, human structures, crops, livestock


Source: Adapted from Kroeger (2006) p. 12
Table 3: Methods of Ecosystem Service Valuation

	 
	Revealed Preferences
	Stated Preferences

	Direct
	Market Prices
	Contingent Valuation (open-ended)

	Indirect
	Household Production 

Function Models

· Time allocation

· Travel cost

· Averting behavior

· Hedonics

Production Function Models

Referendum Votes
	Contingent Valuation (discrete choice and interval response formats)

Conjoint Analysis


 Source: NRC (2004) p. 101
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� Unless otherwise noted, the ecosystem service market examples are based on descriptions found in Salzman (2005).


� Except where otherwise noted, the challenged discusses herein were described in Salzman (2005).
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