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I. InTRODUCTION

By most measures, modern American environmental law has
been a great success. With few exceptions our air is cleaner, our
water purer, than in 1970.! Despite these achievements, however,
the last decade has witnessed repeated calls for a significant shift in
regulatory emphasis. The top managers and scientific advisors in
the United States Environmental Protection Agency (EPA) have
consistently declared that maintenance of productive natural sys-
tems demands more attention and should, in fact, become one of
the agency’s highest priorities.? In recommending that reduced
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1. Passage of the Clean Air Act is often considered the start of the medern era of
environmental law, representing the advent of national, uniform pollution control stan-
dards. Se eg., U.S. ENvrL. PROT. AGENcY, EPA-454/R-95-011, NarnioxaL Air PoLLuranT
Erassion Trenps, 1900-1994, ES-1 to ES-5, 3-1 to 45 (1995) (presenting and discussing
trends in emissions of several major air pollutants); Office of Water, U.S. Envil. Prot.
Agency, Clean Water Act: A Brief History, hup://www.epa.gov/owow/cwa/shistory.htm
(describing water quality major improvements in twenty-five years since passage of the
Clean Water Act in 1972).

2. Sez, eg, U.S. EnviL. ProT. AGENcy, EPA/600/R-98/086, EcoLocleal RESEARCH
StratEGY E-1(1998) (noting that “[e]cosystems provide valuable renewable resources and
services such as . . . water storage and flood control” and acknovledging “great interest in
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ecological risk become a primary focus of EPA,? its scientists and
managers have revealed the single greatest failing of modern envi-
ronmental law and its greatest challenge today—the inadequate
protection of ecosystems and the services they provide.*

Largely taken for granted, healthy ecosystems provide a variety
of critical services. Created by the interactions of living organisms
with their environment, these “ecosystem services” provide both
the conditions and processes that sustain human life—purifying air
and water, detoxifying and decomposing waste, renewing soil fertil-
ity, regulating climate, mitigating droughts and floods, controlling
pests, and pollinating plants. Although awareness of ecosystem ser-
vices dates back to Plato, ecologists, economists, and lawyers have
only recently begun systematically examining the extent and impli-
cations of these services’ valuable contributions to social welfare.
Not surprisingly, recent research has demonstrated the extremely
high costs to replace many of these services if they were to fail, on

the concept of ecosystem management. . ..”) [hereinafter EPA EcoL. Res. STrAT.]; Ecosys-
tem Protection Workgroup, U.S. Envtl. Prot. Agency, Toward a Place-driven Approach:
The Edgewater Consensus on an EPA Strategy for Ecosystem Protection (March 15, 1994),
(discussed and cited at http://www.epa.gov/ecoplaces/intro.html (last visited March 15,
2001) (declaring that the EPA’s ultimate goal should be healthy, sustainable ecosystems
and advocating 2 “place-driven” approach to management, driven by the environmental
needs of communities and ecosystems) [hereinafter The Edgewater Consensus].

3. See EPA EcolL. Res, STRAT., supra note 2, at 3-1, 3-32 (identifying the assessment of
ecological risk as one of four areas in the EPA’s core research programy); see also, e.g., U.S.
Envd. Prot. Agency, Watershed Ecological Risk Assessment, at http://www.epa.gov/ncea/
weracs.hum (last modified May 3, 1999) (explaining that ecological risk assessments will be
used to improve decision-making in five watersheds).

4. Consider the blunt conclusion of EPA’s senior managers in their widely circulated
1994 statement known as The Edgewater Consensus. They declared that

[b]ecause EPA has concentrated on issuing permits, establishing pollutant limits,

and setting national standards, the Agency has not paid enough attention to the overall

environmental health of specific ecosystems. In short, EPA has been ‘program-driven’ rather

than ‘place-driven.’

Recently, we have realized that, even if we had perfect compliance with all

our authorities, we could not assure the reversal of disturbing environmental

trends.

(emphasis added) The Edgewater Consensus, supra note 2.

The concern for the overall health of ecosystem extends beyond the EPA senior man-
agers. The Clinton Administration, for example, formally adopted an ecosystem approach
and created an Interagency Ecosystem Management Task Force in 1996. See INTERAGENCY
EcosysteM MANAGEMENT Task FOrck, 3 THE EcosvysTEM ApproAcCH: HEALTHY ECOSYSTEMS
AND SusTAINABLE EconoMies, Case Stupies 1 (1996) (presenting background, discussing
issues, and making recommendations regarding seven ecosystems: the Anacostia River Wa-
tershed, Coastal Louisiana, Great Lakes Basin, Pacific Northwest Forests, Prince William
Sound, South Florida, and Southern Appalachians).
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the order of many billions of dollars in the United States for water
purification alone.® Such estimates are inherently uncertain,® but
the extraordinary costs required to substitute for many important
services by artificial means are beyond dispute.?

Our unthinking reliance on ecosystem services is due in part,
no doubt, to society’s dissociation between the milk carton and
medicines in our home, on the one hand, and the services of nutri-
ent cycling and biodiversity, on the other, that made these possible.
Thus it is perhaps not surprising that many children, when asked
where milk comes from, reply without hesitation, “from the gro-
cery store.”® Given their significance, one might expect that ecosys-
tem services would be prized by markets and explicitly protected by
the law. With few exceptions, however, neither has been the case.

Despite their obvious importance to our well being, ecosystem
services have largely been ignored in environmental law and policy.
Provision of services is only rarely considered in cost-benefit analy-
ses,? preparation of environmental impact statements,'® wetlands
mitigation banking,’? Superfund remediations,'* and oil spill

5. For example, in 1997, the EPA estimated that $34.4 billion was nceded to replace
and build infrastructure necessary to continue to provide water that meets all regulatory
standards, with $138 billion needed to maintain that infrastructure through 2015. THe
Trust For PuBLIC LAND, PROTECTING THE SOURCE: LAND CONSERVATION AND THE FUTURE OF
AnEerica’s DRINRING WATER 5-8 (1997) [hereinafter ProTECTING THE SOURCE]. In 1998, the
American Water Works Association estimated capital needs at $325 billion through 2014.
AnmERICAN WATER WORKS ASSOCIATION, INFRASTRUCTURE NEEDS FOR THE PusLic WATER Sur-
PLY SECTOR S-2 (1998) [HEREINAFTERAWWA].

6. SeeDavid Pearce, Review of “Auditing the Earth: The Value of the World's Ecosystetn Ser-
vices and Natural Capital”, 40 Env't 23 (1998) (critiquing monetary estimates of the abso-
lute dollar value of services but supporting the effort); sez also, AWWA, supra note 5. The
AWWA atiributes their higher estimate of capital needs for water to the use of a wider
range of data and more realistic assumptions about costs.

7. For discussions of the value of pollinator systems, see Gordon Allen-Wardell et al.,
The Potential Consequences of Pollinator Declines on the Conservation of Biodiversity and Stakility of
Food Crop Yields, 12 ConservaTION BloLoGy 8 (1998) (establishing a consensus regarding
the extent and magnitude of declines in pollinators, and resulting declines in pollination
services); Claire Kremen & Taylor Ricketts, Global Perspectives on Pollination Disruptions, 14
CONSERVATION Brorocy 1226 (2000) (summarizing studies from around the world that as-
sess the vulnerability of pollinator systems).

8. Linda C. Puig, The Udder’ Side of Education, THE San Dieco Unton-TrisunE, Oct. 18,
1985, at B1.

9. SeeJames Salzman, Valuing Ecosystem Services, 24 EcoLocy L.Q. 887, 899 (1597) (ex-
plaining why economic valuation of services is so difficult).

10. See Robert L. Fischman, The EPA’s NEPA Duties and Ecosystem Services, 20 Stax.,
ExvrL LJ. 497 (2001).

11. See].B. Ruhl & R. Juge Gregg, Integrating Ecosystem Services into Environmental Law:
A Case Study of Wetlands Mitigation Banking, 20 Stan. Exvre LJ. 365 (2001).
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clean-ups.’® Nor have significant markets arisen that capitalize on
the commercial value of these services. We have no shortage of
markets for ecosystem goods (such as clean water and apples), but
the services underpinning these goods (such as water purification
and pollination) are free. The services themselves have no market
value for the simple reason that no markets exist in which they can
be exchanged. As a result, there are no direct price mechanisms to
signal the scarcity or degradation of these public goods until they
fail. Partly as a result, ecosystems are degraded.

An explicit ecosystem services perspective provides two obvious
benefits. The first is political. Understanding the role of ecosystem
services powerfully justifies why habitat preservation and biodivers-
ity conservation are vital, though often overlooked, policy objec-
tives. While a wetland surely provides existence and option values
to some people, the benefits provided by the wetland’s nutrient
retention and flood protection services are both universal and un-
deniable. Tastes may differ over beauty, but they are in firm accord
over the high costs of polluted water and flooded homes.

The second benefit is instrumental. Efforts to capture the value
of ecosystem services may spur institutional designs and market
mechanisms that effectively promote environmental protection at
the local, regional, national, and international levels. To realize
this potential, however, we must first create market mechanisms
and institutions that can capture and maximize service values. If
given the opportunity, natural systems can, in many cases, quite
literally “pay their way.” The key challenge is how to make this
happen.

The study of ecosystem services and their implications for envi-
ronmental protection is a nascent field and we still have much to
learn.'* There has been a great deal of enthusiasm surrounding an
ecosystem services approach, and in many cases this may be thor-
oughly warranted. Yet such an approach offers potential pitfalls, as
well. Recognition of the value provided by specific ecosystem ser-
vices may offer persuasive reasons to strengthen existing protec-
tions and resist further encroachments, or it may not. In some

12. SeeJanet S. Herman et al., Groundwater Ecosystem Services, 20 STaN. Envry L J. 479
(2001).

13. See James Salzman and Juge Gregg, Ecosystem Services and the Exxon Valdez Restora-
tion, in IMPROVED EcosvsTEM MANAGEMENT THROUGH EcosysteM Service VALUATION
(James Salzman ed., forthcoming 2001).

14. See generally NATURE’S SERVICES: SOCIETAL DEPENDENCE ON NATURAL EcosysTEMS
(Gretchen Daily ed., 1997).
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cases, perhaps many, a focus on services will not justify conserva-
tion of biodiversity or certain natural habitats. In other cases, the
services will not be amenable to market or legal-based solutions
and will be largely irrelevant to environmental protection efforts.
Thus, while a focus on ecosystem services provides great latent po-
tential to promote environmental protection, its practical implica-
tions remain largely unexamined.

There are several important questions that need to be an-
swered. Can we develop robust methodologies for the valuation of
services? Absent these, how can we compare the costs of degrading
an ecosystem and its service provision with the benefits of the of-
fending activity? If ecosystem services have real but uncaptured
value, what are the necessary conditions for market creation to ex-
change valuable services? And, critically, is the science good
enough to tell us how to manage ecosystems for reliable service
provision?

This issue of the Stanford Environmental Law Journal explores our
current state of knowledge, presenting the results of interdiscipli-
nary research conducted over the past three years on the legal, sci-
entific, and economic aspects of ecosystem services. The articles
that follow are the result of an EPA Science to Achieve Results
(STAR) grant and an interdisciplinary workshop held at Stanford
University in November, 2000.'* In probing the implications of an
ecosystem services approach, Parts II and III of this article explore
the ecosystem services of water purification and flood control,
describing efforts to capture their value and the resulting chal-
lenges. Part IV describes a range of initiatives around the globe to
value and protect nature’s services. Part V considers the steps nec-
essary to integrate the emerging science and economics of ecosys-
tem services valuation within a legal framework of rules and
incentives. The challenges of valuing and protecting ecosystem ser-
vices are surely significant, but the potential is there to transform
the explicit management of services from enticing anecdote to
widespread practice.

II. THr SERVICE OF WATER PURIFICATION

Of all ecosystem services, water purification might provide the

15. The STAR program grant, R82612-01, was directed by Jim Salzman. The co-au-
thors organized the workshop, held November 16-17, with financial support from the EPA,
the Rocky Mountain Mineral Law Foundation, and Stanford Law School’s Environmental
and Natural Resources Law & Policy program.
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greatest chance for galvanizing market or regulatory action aimed
at protecting ecologically important lands.!® The value of safe
drinking water is undeniable and universally recognized. Interna-
tionally, water contamination is one of the greatest causes of
human disease, illness, and death.!” Domestically, drinking water
quality is high relative to that found in much of the world, but
close to a million Americans still become sick each year as a result
of drinking contaminated water, and hundreds die.'® Surveys, not
surprisingly, repeatedly show that safe drinking water is among the
most important environmental issues to the American public. If
any ecosystem service is likely to capture the public’s attention,
water purification is it.

The linkage between watershed protection and drinking water
quality is also clear. When land in the vicinity of a waterway is devel-
oped, the uses to which the land is put frequently add contami-
nants to the waterway. Nonpoint pollution, in the form of runoff
from agriculture, livestock operations, construction sites, parking
lots, roads, and other uses, as well as the leaching of waste from
septic tanks, is today the major threat to the nation’s waterways.!?
Undeveloped land, moreover, helps reduce contamination. Both
wetlands and soils filter out nutrients and other contamination
from runoff before the runoff reaches the main course of a water-
way.?° Vegetation slows down runoff, permitting solid pollutants to
settle out, and stabilizes soil, thus reducing contamination from
siltation.?! Land preservation thus performs double duty in protect-

16. For a lengthier discussion of the opportunities to promote watershed preserva-
tion by demonstrating to water suppliers the importance of watershed lands to water qual-
ity, see Barton H. Thompson, Jr., Markets for Nature, 25 WM. & Mary EnvrL. L. & PoL’y Rev.
261, 293-307 (2000); Robert L Fischman, The EPA’s NEPA Duties and Ecosystem Services, 20
Stan. Envre. L. 497 (2001).

17. See WorLD HEALTH ORrRGANIZATION & UNITED NaTiOoNs CHILDREN'S FUND, GLOBAL
WATER SUPPLY AND SANITATION ASSEsSMENT 2000 ReporT v (2000) (noting that 2.2 million
children die annually from an insufficient supply of safe drinking water and related
problems), available at http://www.who.int/water_sanitation_health/Globassessment/
GlobalTOC.htm.

18. See Erik Olson & Diane Cameron, The Dirly Little Secret About Our Drinking Waler 4
(Natural Resources Defense Council 1995) (citing a 1987 study by the Centers for Disease
Control).

19. THEe TrusT FOR PUBLIC LanD, AN OUNCE OF PREVENTION: LAND CONSERVATION AND
THE PrOTECTION OF CONNECTICUT'S WATER QUALITY 9, 11 (1998) [hereinafter AN Ounce
OF PREVENTION]; PROTECTING THE SOURCE, supra note 5, at 6-8.

20. See AN OUNCE OF PREVENTION, supra note 19, at 9; PROTECTING THE SOURCE, Supra
note 5, at 14-17; Katherine C. Ewel, Water Quality Improvement by Wetlands, in NATURE'S SER-
VICES, supra note 14, at 329, 330-31, 334-36.

21. See AN OUNCE OF PREVENTION, supre note 19, at 9.
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ing water quality: it eliminates a major source of contamination,
while also protecting the waterway from those nonpoint sources of
contamination that do exist.

Recognizing the value to water quality of natural watersheds, a
number of water suppliers for years have tried to protect water-
sheds from development.?* Although the typical water supplier
owns only about two percent of the land in its watersheds of supply,
water suppliers in some regions of the country own a much larger
percentage, sometimes including a majority of the remaining open
space.?® The interesting question is whether government can use
the value of natural water quality services to encourage water sup-
pliers to take additional steps today to preserve ecologically valua-
ble watershed lands.

New York City has inspired hope by embarking on a $250 mil-
lion program to acquire and preserve up to 350,000 acres of land
in the Catskills watershed, one of three major basins from which
the city obtains its water supply.2* A combination of federal regula-
tion and cost realities drove New York City to this program. Under
the federal Safe Drinking Water Act, municipal and other water
suppliers must filter their water supplies unless they can demon-
strate that they have taken other steps, including watershed protec-
tion measures, that protect their customers from harmful water
contamination.?® Presented with a choice between building a filtra-
tion plant and preserving the watershed, New York City easily con-
cluded that the latter was more cost effective. New York City
estimated that a filtration plant would cost between $6 billion and
$8 billion to build and another $300 million annually to operate.®®
By contrast, watershed protection efforts, which would include not
only the acquisition of critical watershed lands but also a variety of
other programs designed to reduce contamination sources in the

22. See NaTioNAL ResearcH CounciL, WATERSHED MANAGEMENT FOR PoTaBLE WATER
SuppLy: AssessING THE NEw YORk Crrv STrATEGY 23 (2000) (citing the efforts by Pordand,
San Francisco, and other cities); AN Ouxce oF PREVENTION, supra note 19, at 3, 6, 9 (dis-
cussing purchases of land by water companies since the mid-19th century).

23. PROTECTING THE SOURCE, supra note 5, at 3, 14.

24. See NaTIONAL RESEARCH COUNCIL, supra note 22, at 45-87, 517 (describing New
York City’s program).

25. 42 U.S.C. § 300g-1(b) (7)(C) (i) (1994); Surface Water Treaunent Rule, 40 C.F.R.
§ 141.70-.75 (2000) (amended Jan. 6, 2001, 66 Fed. Reg. 3466, 3496 (2001), cffective May
16, 2001). See NaTioNaL ResearcH COUNCIL, supra note 22, at 108-15 (summarizing the key
provisions of the Safe Drinking Water Act and its implementing regulations).

26. Sez Graciela Chichilnisky & Geoffrey Heal, Economics Returns fram the Biosphere, 391
Nature 629, 629 (1998).
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watershed, would cost only about $1.5 billion.?’

New York City’s Catskills efforts raise a number of issues. First,
are New York City’s efforts anomalous, or are they an example of a
growing interest in preserving watershed lands for water quality
purposes? In the late 1990s, EPA estimated that more than 140 cit-
ies were considering watershed conservation as a means of ensur-
ing high drinking water quality.?® The Appendix to this article
provides approximately a dozen important examples of this phe-
nomenon. Few of these efforts, however, come close to New York
City’s preservation actions in scale or importance. And water sup-
pliers in a few areas of the country actually are divesting themselves
of watershed lands.?®

Several factors helped make New York City’s decision to pre-
serve watershed lands for water quality purposes relatively easy.
First, New York City is the dominant beneficiary of Catskills preser-
vation efforts. New York both draws sizable quantities of water from
the Catskills and dwarfs all other cities drawing drinking water
from the watershed. As a result, New York City gets virtually the
entire benefit in improved water quality of its preservation efforts.
A smaller city that draws on only a small portion of the supply from
a watershed would face a tougher choice because only a fraction of
the water-quality benefits from land preservation would go to it. In
deciding whether to acquire land on its own, a smaller city might
decide that the benefits were not worth it, and efforts to forge a
coalition with other water suppliers drawing water from the same
watershed might fail as a result of free-rider problems. Second, in
deciding to protect the Catskills watershed rather than build a fil-
tration plant, New York City benefited from century-old regulatory
authority over the watershed. New York City is protecting the water-
shed partly through land acquisition and preservation and partly
through local land-use incentive programs, but also through regu-
lation of local uses. Whether New York City would have found it
worthwhile to protect the watershed through economic means
even if it had not enjoyed the regulatory power is an unaddressed
question. Third, most of the land that New York City has slated for
preservation is in areas that are still not highly populated and, thus

27. Id.

28. See PROTECTING THE SOURCE, sufra note 5, at 20; Chichilnisky & Heal, supra note
26, at 630.

29. Ses, e.g., AN OUNCE OF PREVENTION, supra note 19, at 3, 7, 13-14 (noting that water
companies in Connecticut sold off approximately 2,000 acres of land from 1991 through
mid-1997).
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