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I.

Introduction: The Importance of Urban Ecosystem Services

Nature is important to cities, not only for environmental protection but also for economic
productivity, fiscal soundness, community life, and governance. We tend to take nature’s ecological
systems – or ecosystems – for granted, but they provide critically valuable services to society and to urban
areas. Ecosystems help to control natural hazards and climatic threats, such as storm surges and floods,
temperature variation, and wind. Ecosystems provide clean water by filtering out pollutants from
stormwater runoff, streams and rivers, aquifers, and drinking water supplies. They provide refuge and
reproduction habitat for plants and animals, facilitating biodiversity. They create a sense of place and
recreational opportunities, contributing to quality of life by enhancing human physical and psychological
health. They facilitate food production and local food economies. Well-functioning ecosystems not only
are better able themselves to adapt to disturbances but they also strengthen the resilience and adaptive
capacity of human communities and cities to disturbances and catastrophes.
Economists, ecologists, landscape planners, and legal and policy scholars often use the umbrella
term “ecosystem services” to refer to the wide range of values and benefits provided by nature. City
officials and the public often refer to specific urban ecosystem services with terms such as green
infrastructure, low impact development, parks, stormwater best management practices (BMPs), urban
trees and forests, watershed management and conservation, wetlands, agricultural lands and soils, and
others. Regardless of the different terms, the constant factor is that communities rely heavily, indeed
fundamentally, on nature for the continuing benefit from such services.1 As Gretchen Daily has observed,
“Unless humanity is suicidal, it should want to preserve, at the minimum, the natural life-support systems
and processes required to sustain its own existence... This is not an academic issue but a matter of social
choice today in the context of humanity's cultural heritage.”2
This is particularly true for cities, where economic productivity, fiscal soundness, community life,
and governance are tied to natural surroundings in distinct, unique and generally under-appreciated ways.
Because the urbanized world depends on ecosystem services – both inside and outside of city boundaries
– investing in the provision of ecosystem services will often be more cost-effective than response actions,
such as treatment, restoration, and disaster response. For example, a city’s use of green infrastructure to
control and manage stormwater runoff often outperforms conventional “grey infrastructure” such as
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pipes, channels, and treatment facilities. Natural systems can help reduce the impact of hurricanes, floods,
and droughts by storing storm water and providing natural floodplains or reservoirs and storm breaks in
coastal areas.
Given the importance of urban ecosystem benefits to surrounding populations, we might expect
that ecosystem services would play a prominent role in the formulation of urban policies, plans, and laws.
However, with rare exception, they do not. To be sure, some cities sustain critical watershed protection
lands set aside a century ago; some are pursuing policies to provide and protect ecosystem services and
green infrastructure. Many cities, though, are experiencing declines of the ecosystems that sustain them.
Across the country, we see degradation and destruction of natural features in our urban environments, as
well as inefficient allocations of land uses and development. Metropolitan areas are losing open space,
farmland, and environmentally sensitive lands.
In some cases, this is driven by existing legal frameworks that favor property rights or a strong
loyalty to Euclidean zoning preferences, in others by a bias to invest capital in grey infrastructure, the
frequently occurring mismatched scales between ecosystem functions and governance structures, or other
drivers. The net result is preference for the built rather than the natural environment. To be sure,
sometimes this is perfectly appropriate and cost-effective; yet, in many cases investing in natural systems
can provide services to urban communities for less expense than traditional built approaches and with
significant additional public benefits.
Even where cities provide natural features and benefits, they may provide them inequitably and
inefficiently. For example, low-income and minority communities often have received a
disproportionately smaller allocation of park resources, stormwater control features, and other green
infrastructure features. In part, space limitations in urban areas have obstructed the development of
diverse urban forests. Politically, residents of more affluent, suburban areas have been more apt to
demand tree plantings and maintenance than urban dwellers, and in any event, city officials often lack
sufficient information about environmental benefits and ecosystem functions for effective use in urban
planning decisions.
Moreover, there are mismatched scales between the services about which people care and the
governance structures with the authority to manage the natural capital that provides these services. Even
where the geographic scale is right, responsibilities for management and policy decisions fall into
separate agency or professional/disciplinary silos that ignore the interrelationships among their
governance or management functions in an interconnected environment. There are often legal
uncertainties about how to implement policies, and whether local officials have the necessary authority to
use certain governance or management tools. In sum, our cities are less livable, less economically
vibrant, less ecologically and humanly healthy, and less socially just than they could be.
As America, and indeed the rest of the world, becomes increasingly urbanized, these issues are of
the first importance in seeking to improve quality of life. The scholarship in the area, though, has been
fragmented by discipline. Some scholars are increasingly studying the relationships between urban
governance (including law and urban planning) and ecosystem services. Others have developed
assessment, decision making, implementation, and even structural tools that can aid cities to provide and
protect ecosystem services.3 However, this literature remains nascent. Much remains to be done. First
and foremost, we must identify the pressing research needs.
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This article brings together the collective insights of scholars and practitioners from a wide range
of disciplines – lawyers and urban planners to ecologists and economists. Taking a comprehensive and
wide-ranging view of the field, we identify the most important research questions that should shape the
future of scholarship on urban ecosystem services. In doing so, we seek to help shape the trajectory of
research across multiple disciplines in this growing and critical area.
Section II of the article provides a literature review, identifying the key publications to date and
setting out gaps in the legal literature. In Section III, we explore three major categories of research – 1)
equitable provision of ecosystem services in urban settings; 2) who pays for ecosystem services and how
they pay; and 3) governance structure and institutions. For each of these, we explain what is known, what
we need to know, and the proper framing of relevant research questions. Section IV concludes.

II.

The State of the Literature on Urban Ecosystem Services and Governance

The literature on urban ecosystem services, law, and urban policy is growing but remains patchy
and incomplete. The field continues to build on economic and ecological studies establishing benefits of
ecosystems to society in general,4 urban-specific research regarding the benefits of ecosystem services,5
and the benefits of specific ecosystems, such as watershed lands6 and urban forests.7 In many cases,
research is applicable to ecosystems located within urban areas and also to regionally-significant
ecosystems that serve urban areas, such as regional farmland and soils that provide locally-grown food
supplies to cities.8 In the legal arena, much of the pathbreaking work on ecosystem services and law has
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occurred in the context of federal environmental law and state common-law property doctrines, such as
nuisance and the public trust doctrine.9
A number of seminal publications, such as The Law and Policy of Ecosystem Services,10 Markets
for Nature,11 and Creating Markets for Ecosystem Services12 provided in-depth analyses of legal regimes
and provision of ecosystem services. The role of urban legal systems in regulating, protecting, and
valuing ecosystem services is less well understood. The ground in this area was broken in 2001 with the
Stanford Environmental Law Journal article “Protecting Natural Capital through Ecosystem Services
Districts.”13 Geoff Heal, Jim Salzman, Gretchen Daily and others provided an overview of ecosystem
services and the issues involved in designing laws and institutions for ecosystem services, while
contemplating the ways in which existing legal regimes act as barriers for effective ecosystem
governance. ”Protecting Natural Capital” and other articles in the same issue of the Stanford
Environmental Law Journal for the first time identified the relevant laws and policies promoting the
range of ecosystem services.14
The 2007 article, “The Structure of the Land Use Regulatory System,” provided a second
systematic example of how legal scholars have addressed the role of ecosystem services in urban planning
and governance.15 Tony Arnold explored the structural opportunities for and barriers to local
governments incorporating ecosystem services protections into their land use planning and regulatory
activities.16 The article demonstrated how cities are increasingly using a wide variety of land-use
planning and regulatory tools to conserve ecosystems and capture the services ecosystems provide to
society, with a focus on watershed planning and governance as an adaptive and promising means for local
government integration of ecosystem services policies into local planning and law.17
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The 2011 article, “Sustaining Ecosystem Services through Local Environmental Law,” tackled
the extent to which local law and governance can sustain the socially and economically valuable services
that ecosystems provide to human communities.18 Keith Hirokawa linked the literature on the law of
ecosystem services with local environmental law, conceiving local ecosystem services protection as a
matter of local governance that uses the whole range of legal and policy tools available to localities, not
just land use planning and regulation. The article presented detailed examples of local laws that protect
ecosystem functionality.19
In the urban planning, context, scholars have begun to develop a body of literature addressing the
importance of ecosystem functions to land use planning, albeit not always by explicitly addressing
ecosystem services. Under the guise of planning principles for the “ecological city” or the “biophilic
city,” this literature is exploring the benefits of ecosystems to urban development.20 The “Smart Growth”
urban planning literature gives some effective attention to ecosystem services by emphasizing the value of
open space and farmland preservation21 but less attention to other aspects of ecosystem services, such as
water and watersheds,22 or how high-density development could adversely affect urban ecosystem
functions.23
The most intentional and extensive work incorporating ecosystem services into urban planning
focuses on the social, economic, and environmental benefits of “green infrastructure.”24 The term “green
infrastructure” has been used broadly to encompass natural systems and features that have been protected
from alteration, restored natural systems and features, and humanly created or engineered bio-physical
18
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systems and features. The term is used most often to refer to increasingly favored techniques,
technologies, and management approaches to reduce or manage stormwater runoff without relying
primarily or solely on traditional pipe and concrete “grey infrastructure.”25 The City of Philadelphia, for
example, is often praised for its comprehensive, long-term, and innovative green-infrastructure program
to control runoff and protect water quality.26 However, green infrastructure is much broader than rain
gardens and bioswales, and provides many more benefits than stormwater runoff control. For example,
urban trees help not only to control runoff but also to moderate temperatures, contribute to psychological
health, minimize soil erosion, sequester carbon, reduce energy costs, enhance the walkability of the
streetscape, support urban biodiversity, and provide aesthetic beauty.27 Green infrastructure now plays an
important role in urban planning principles.28
Researchers have also developed a significant number of assessment and/or decisional tools to aid
urban officials in valuing and protecting ecosystem services.29 As with other areas of environmental and
land-use decision making, there remains concern about the accuracy or utility of these tools.30 Recent
scholarship follows the “no-panaceas” approach of scholars who study complex environmental-social
dynamics,31 recommending a toolbox or multimodal approach over an optimal policy design approach.32
This pluralistic approach matches a policy context in which many different values are important, where
various ecosystem services might have to be traded off against one another, yet the complexity of
interconnected systems elevates the risk that any single policy choice will suddenly and unexpectedly fail
due to unanticipated disturbances and responses.33 In this setting, social-ecological resilience and the
25
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adaptive capacity of institutions become particularly important.34 Hence the urban ecosystem services
literature is beginning to link the literatures on resilient cities, social-ecological resilience, adaptive
governance, adaptive management, and adaptive planning.35
In sum, the role of ecosystem services in urban settings has been attracting increasing interest but
has not yet matured to the point where one can speak meaningfully of the field of “urban ecosystem
services.”

III.

Promising Research Areas

This section explores in detail the three broad research areas of urban ecosystem services. Part A
considers the distributional impacts of service provision and the challenges posed by the pursuit of
environmental equity. Part B turns to financing questions. While attractive in theory, providing urban
ecosystem services on the ground requires effective funding mechanisms that work across jurisdictions,
government silos, and private and public ownership. These raise very real concerns over who pays, who is
paid, and the constraints created by legal requirements and inertia of the status quo. Part C considers
issues of governance, examining the institutional challenges in providing services meaningfully in the
urban landscape. In each part, we explain the basic issues and then identify particularly promising
research questions.
A.

Equitable Provision of Urban Ecosystem Services

One of the central questions for urban ecosystem services is how these services can be provided
in both an environmentally beneficial and socially equitable manner. Environmental inequality occurs
when certain sectors of the population—predominantly low-income and minority populations—either
bear a disproportionate burden from industrial pollution sources or receive fewer of the benefits from
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environmentally beneficial projects. Environmental justice is "the principle that all people and
communities are entitled to equal protection of environmental and public health laws."36
Since the 1980s, a robust literature has examined the distributional and social justice impacts
from environmental hazards and burdens, including health disparities in the population that are
exacerbated by the built environment, to social science research focused on the causes of environmental
inequality and legal scholarship focused on how to alleviate it.37 Research considering the equitable
provision of ecosystem services has been far less common.38 The paragraphs below identify the key
research findings to date.
Environmental Equity and Urban Forest Cover.
Research at the urban level often focuses on urban forest issues. Perkins et al. examine the
outcomes of a municipal tree planting program in Milwaukee and find that programs promoting private
participation in tree planting can create inequalities because lower-income neighborhoods with primarily
renter-occupied housing may not participate in tree planting programs.39 Heynen et al. examines the
overall distribution of trees in the Milwaukee area and finds disparities in urban tree cover that are
attributable to housing dynamics, household income, and racial and ethnic factors.40 Landry and
Chakraborty find that in Tampa, FL, tree cover on public rights of way is significantly lower in
neighborhoods with higher proportions of African-American, low-income, and non-home owner
residents.41 In a similar study, Flocks et al. find that in the Miami-Dade area predominantly white
neighborhoods tend to have greater tree cover, canopy density, and tree species diversity as well as
greater energy savings from urban tree cover.42 They attribute the uneven distribution of urban tree cover
to socioeconomic factors such as housing patterns, residential control over the physical environment,
financial means, and pre-existing levels of environmental inequality due to the location of environmental
hazards. As a result, neighborhoods in urban areas with little vegetation are more vulnerable to extreme
heat events, making low income and minority residents more vulnerable to climate change.43
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Environmental Equity and Greenspace/Park Access.
Other research focuses on the unequal access to urban parks and has been spearheaded by federal
agencies in developing national strategies to alleviate environmental inequalities in park access. The
National Park Service’s recent Healthy Parks, Healthy People Science Plan compiles extensive evidencebased social science research that identifies “[r]elationships between socio-economic status and
participation and access to green space and outdoor recreation.”44 For example, NPS reports that “[g]reen
spaces and parks, which promote good health, can play an important role in alleviating socioeconomic
health disparities.”45 The overriding concern of the report is that people of color and low income
populations still face disparities regarding both health and access to parks, since “the communities with
the least amount of access to parks and open space tend to have higher rates of childhood diseases related
to obesity such as diabetes.” According to NPS, for example, “36 percent of black and 35 percent of
Hispanic high school students nationwide are overweight or obese, while 24 percent of non-Hispanic
white high school students suffer from these conditions”46
Environmental Equity and Legal Frameworks.
A final area of focus for equity and urban ecosystem services research is the development of legal
and policy strategies to address these distributional problems. Much of this work has evolved from the
advocacy efforts of researchers such as the late Luke Cole and non-profit organizations such as The City
Project, located in Los Angeles.47
There is scant environmental justice legislation, so advocates have been creative, relying on a
wide range of laws. The first is the Clinton-era Executive Order 12898 on Environmental Justice, which
requires each federal agency to “make achieving environmental justice part of its mission by identifying
and addressing, as appropriate, disproportionately high and adverse human health or environmental
effects of its programs, policies, and activities on minority populations and low-income populations.”48
Title VI of the Civil Rights Act of 1964 may also be applied to prevent minority communities and lowincome communities from being subject to discriminatory effects. Title VI and its regulations also
promote equity in ecosystem services by prohibiting recipients of federal financial assistance (including
presumably all state, regional, and local park agencies) from discriminating based on race, color, or
national origin in their programs or activities.49 Finally, the Affordable Care Act provides protections
44
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against health discrimination based on race, color, national origin, limited English language proficiency,
immigration status, and other characteristics in Section 1557 that may enable advocacy focused on
achieving greater access to park resources in disadvantaged communities.50
The City Project has developed a framework for using the Civil Rights Act of 1964 and its
implementing regulations, the federal Executive Order 12898 on environmental justice and health,
sections of the Affordable Care Act, and parallel state laws to advocate successfully for greater park
access in Los Angeles County.51 In other cities, grassroots advocates and government leaders or planners
have relied on a variety of planning and legal tools in pursuing fairness and community health in urban
ecosystem services policies.52 The results may provide an empirical foundation for pursuing new and
innovative research into the ways law can facilitate distributional equity.
The following questions identify the most pressing research issues concerning the equitable
provision of ecosystem services in urban areas.


How should cities incorporate environmental equity into their planning for ecosystem services?



Should certain ecosystem services (e.g., parks and green space) be prioritized over others
according to the preexisting levels of environmental inequality in a community?



If certain ecosystem services are targeted based on the preexisting levels of inequality, how do
cities and local governments decide which inequalities to address first? For example, does a city
prioritize alleviating urban heat island effects in more vulnerable communities to allow those
communities to better adapt to climate change? Alternatively, does the city prioritize providing
green space and park access to communities?



Often the natural infrastructure that supports targeted ecosystem services (e.g., increased storm
water retention) will provide additional co-benefits (e.g., reduced local heat island effect,
improved air quality, and expanded recreational opportunities). What policies could enhance
choices that achieve greater environmental equity as well as other goals of urban communities?

Preventing unintended consequences
The provision of urban ecosystem services through green infrastructure often offers the positive
externality of environmental amenities. When these environmental amenities are substantial enough to
alter property values, some segments of the population (renters for example) may be priced out of the
very same low-income and minority communities that the ecosystem services were originally intended to
50
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help. Research is needed to better understand the dynamics of gentrification and displacement and how to
ensure that the low-income and minority communities are able to stay in their neighborhoods to enjoy the
benefits of ecosystem services.53

B.



What is the empirical evidence of green infrastructure or other projects that provide greater
ecosystem services in the community leading to gentrification or displacement of disadvantaged
communities?



Are there policy mechanisms around the country that cities have used successfully to prevent
gentrification and displacement following the introduction of environmental amenities?



What authorities do cities need to prevent gentrification and displacement resulting from an
expansion of ecosystem services in the community?



Do cities have these necessary authorities in place and, if not, what would be required to adopt
them?

Payments for Urban Ecosystem Services

Green infrastructure such as watershed protection areas and parks have traditionally been
financed and maintained as part of city infrastructure supported by taxes, fees or public bond measures.
However, many types of ecosystem services can only be provided on a meaningful scale if they take place
across a mix of public and private lands. For example, effective green infrastructure programs to reduce
runoff and stormwater flows require city-wide deployment of green rooftops, rain gardens, rain barrels,
and permeable pavement, among other measures. This section explores some of the approaches
government entities may use to fund ecosystem services directly and tools they can use to encourage
private property owners to pay for the provision of such services in the urban environment, highlighting
areas where additional research is needed.
The incorporation of ecosystem services into the urban landscape will generally require a change
in land use practices or in the pattern and location of developed areas and the installation of physical
assets to provide the desired benefits. As a result, an initial concern is whether the party receiving the
ecosystem services should pay for the service itself or for the land use practices and physical assets that
are required to provide the service, i.e., for the green infrastructure or the service provision. For example,
if wetlands are created or restored to address water quality issues, the cost of the initial construction of the
wetland can far exceed the ongoing maintenance costs that will be incurred once the wetland is
established and providing ecosystem services.54 In these cases, if the entity paying for ecosystem services
is limited to paying for the services themselves, the payments offered may be insufficient to encourage
53

Recent studies suggest that neighborhood gentrification does not always displace residents and can actually
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Infrastructure 2 (), available at http://water.epa.gov/grants_funding/cwsrf/upload/Green-Infrastructure-OMReport.pdf. See http://www.water.ncsu.edu/watershedss/info/wetlands/manage.html.
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private landowners to provide the initial ecosystem service benefits. Without financing to address up front
costs, fees collected may also be insufficient to support ecosystem services benefits from public or private
infrastructure.
Co-benefits for private property owners can provide one strategy to make urban ecosystem
service provision more attractive investments. For example, while a private property owner cannot
prevent the public as a whole from benefitting from the storm water reduction benefits of his rain garden
(as positive externalities), the property owner may obtain other aesthetic, recreational and property value
benefits that offset his capital costs to provide the ecosystem service. Alternatively, cities might offer
property owners reduced stormwater fees if their properties provide floodwater services.
While there have been several studies on the cost-effectiveness of green infrastructure to mitigate
storm water impacts,55 there is sparse literature on the long-term costs of maintaining these ecosystem
services as well as the costs to install and maintain other natural infrastructure such as parks, urban trees,
and stream buffers, to provide ecosystem services beyond storm water mitigation in the urban
environment.


Research on the costs of providing ecosystem services should focus on the costs of installing and
maintaining the assets that provide ecosystem services and comparing these costs to the
monetized benefits of ecosystem services (which can include the public’s willingness to pay for
the benefits) to determine whether potential payments for ecosystem services would be sufficient
to cover the capital costs required to provide them.



Research on the additional ecosystem service benefits provided by green infrastructure would be
useful in assessing the level of stormwater surcharges that may be necessary to encourage
property owners to implement green infrastructure measures to mitigate stormwater. Similarly,
analysis to quantify the co-benefits of other natural infrastructure (e.g. street trees, green roofs,
etc.) can help inform policies that support those structures.

Accounting also matters. The Government Accounting Standards Board (GASB)56 uses
traditional accounting for infrastructure, which does not allow for inclusion of the broader suite of
benefits that green infrastructure provides.57 As a result, the broader benefits green infrastructure can
provide to the public and differences in maintenance approaches are not included in determining the value
of these assets and thus can make it difficult for municipalities to consider these values in their decisions,
whether that is for development of new green infrastructure, replacement of grey built infrastructure, or
maintenance of existing assets. GASB has been exploring how a broader “ecosystem services”
accounting method might work.58


Research should support the efforts of GASB to explore the development of practical standards
for green accounting that would recognize the costs and benefits of ecosystem services as assets.

55
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Public Funding of Ecosystem Services Projects
Municipalities, in particular, face limitations on the sources of funding that may be available to
implement ecosystem services programs. Because many states and municipalities are unable to run
budget deficits, any funding for ecosystem services must be backed by an accompanying revenue
stream.59 Thus the two primary mechanisms for public funds to support ecosystem services projects
would be either allocating a portion of tax revenue to ecosystem services projects or issuing revenue
bonds. While the authors are currently not aware of any legal restrictions that would broadly prevent the
allocation of general tax revenues to ecosystem services projects, in the current climate of constrained
municipal and state budgets, it is not likely that many governments will be able to allocate significant tax
revenue to ecosystem services projects.
If states and municipalities turn to revenue bonds to fund ecosystem services projects, there are
significant limitations on bonding authority that may impair their ability to obtain sufficient funding. For
example, the Internal Revenue Code imposes limitations on the use of tax-exempt bonds to raise funds for
projects that will occur on private property.60 This limits the ability of cities to raise capital for activities
like rain gardens, green roofs, and retention basin retrofits by private home and business owners. The
Texas Constitution expressly prohibits the expenditure of public funds for the improvement of private
property.61


Research should review municipal bonding rules in the various states in order to understand the
full extent of the limitations on the use of revenue bonds to fund green infrastructure projects as
well as the additional costs involved if taxable bonds must be issued.



Does public ownership of an easement avoid the Internal Revenue Code restrictions on the use of
tax-exempt bonds for private property projects?



If public financing is used to support projects on private property, research will be needed on
verification procedures or mechanisms.

Another significant issue that arises when revenue bonds to fund ecosystem services projects is
what portions of those projects the bonds can actually pay for. The provision of ecosystem services
typically requires the installation of some type of physical infrastructure as well as the ongoing
maintenance of that infrastructure. In many cases, funds raised by revenue bonds can be used for the
acquisition of new physical capital, but there may be restrictions on using bond funds to pay for ongoing
operations and maintenance costs associated with the provision of ecosystem services.
EPA’s recent report on green infrastructure notes that to date, most operations and maintenance
costs for green infrastructure projects are estimates based on engineering estimates and that additional
experience with actual projects is needed to verify the costs of maintaining green infrastructure.62 As a
result, there are not yet sufficient data to determine whether operations and maintenance costs associated
with ecosystem services projects pose a significant impediment if public funds are not available to cover
the ongoing costs.
59
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60
See 26 U.S.C. § 150(b)(5).
61
Tex. Const. Art. 16 § 6.
62
EPA, supra note 1, at 7.

13



Research should evaluate the extent to which the expenditure of municipal bond funds can be
used to support ongoing operations and maintenance expenditures.



Research is required to understand better the actual operations and maintenance costs associated
with maintaining ecosystem services projects once they are constructed.

Regardless of whether funding is derived from taxes or revenue bonds, some states and
municipalities may face legal restrictions on their ability to spend public funds for provision of urban
ecosystem services. Utility regulatory commissions are typically charged with procuring the lowest cost
service available in order to protect consumer rate payers. Therefore, if green infrastructure programs for
stormwater retention, for example, are selected as an alternative to large, traditional “grey” infrastructure,
states and municipalities may be limited in their ability to adopt such programs or fund any costs that go
above and beyond those required by a non-ecosystem services approach.63 Not all states are uniform in
their requirements to provide the lowest cost service, however. Some states provide for consideration of
other factors in the public interest beyond the lowest cost service, such as the need for diverse energy
sources.
Municipalities that directly operate public utility services may have opportunities to charge
special fees that provide a source of revenue for ecosystem services projects. For example, some
municipalities impose a surcharge for stormwater that is related to the amount of impervious surface on a
property. These funds could be used to provide public funding for green infrastructure projects that
minimize stormwater flows. In Philadelphia, non-residential properties are charged a stormwater utility
fee based on the amount of impervious surface on a property, and property owners may reduce their
stormwater fees by implementing green infrastructure projects on their property.64


Research should review public utility commission regulations to determine whether legal reform
is necessary to permit payment for ecosystem services.



What happens if government agencies invest in advanced planning and public infrastructure
development only to find that the need for these projects and fees to pay the debt on them fail to
materialize or decline over time?

Encouraging Private Parties to Pay for Ecosystem Services
Given the limitations on the use of public funds for ecosystem service activities, the ability of
states and municipalities to create incentives for private parties to invest in the infrastructure and land
management practices is critical. Possible strategies range from voluntary conservation easements to
additional regulations that require investment in or preservation of ecosystem services.
Private sector investment in ecosystem services can prove attractive for compliance purposes
when they can be demonstrated to result in lower costs for regulated entities than conventional
approaches. There are numerous examples of parties adopting ecosystem services practices to fulfill
requirements under the Clean Water Act, including using riparian shade to address thermal total
maximum daily load requirements. For example, ATI Wah Chang, a specialty metals manufacturer, and
Weyerhauser joined with the cities of Albany and Millersburg, Oregon, to formulate a unique solution to
63
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excessively warm effluents into the Willamette River. They constructed 39 acres of wetlands designed to
cool effluent and meet the requirements of the applicable TMDL.65 The resultant Albany-Millersburg
Talking Water Gardens is designed to cool nearly 13 million gallons of water from industrial and
municipal sources each day and also provides co-benefits such as nutrient removal prior to discharge.66
Traditionally, conservation easements have been used to preserve open space in rural settings.67
The property owner generally agrees to preserve the land as open space in exchange for a direct payment
from the government, a tax benefit, or some other benefit conferred by the government.68 The same
concepts could be applied in the urban environment to create space for ecosystem services. For example,
where open space exists along floodways, municipalities could seek the voluntary dedication of
easements to leave such space open as a spillway for flood waters.69 Similarly, municipalities could
potentially seek dedicated conservation easements over green roofs, requiring owners to maintain them
over time. For the property owner to receive tax benefits, though, the conservation easement must be
dedicated to a government entity or to a qualified land trust, and the receiving entity must satisfy a set of
rigorous practices for the establishment, monitoring, and maintenance of the easement to ensure that the
conservation goals continue to be served and that IRS standards have been satisfied.70


More research is needed to understand the extent to which conservation easements or similar
voluntary easements could be employed in urban settings to enhance the provision of ecosystem
services.



Such research should include geospatial and ecological analyses to determine where opportunities
for easements exist and their potential for resilience to changing conditions, economic analysis to
determine what types of incentives may be necessary to secure the voluntary dedication of
easements, and legal research to better define the structure of such easements—particularly if
they are applied to novel ecosystem services such as green rooftops.

States and municipalities may also be able to use their land use planning authorities to incorporate
space for ecosystem services into city general plans and master plans for larger developments. In
amending city general plans, there may be opportunities to designate particular tracts of land for
ecosystem services, requiring future development to meet certain conditions that secure the desired
ecosystem services.71


What are the specific opportunities for cities to incorporate ecosystem services requirements into
their master plans?

65

Talking Water Gardens Technical Profile, 1 (City of Albany 2010), available at http://twg.cityofalbany.net/wpcontent/uploads/2010/08/Talking-Water-Gardens-Technical-Profile-August-2010.pdf.
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Will incorporation of ecosystem services into master plans increase adherence to and enforcement
of plans.

States and municipalities could also condition future development permits on the adoption of
particular measures to promote ecosystem services. This can be done through municipal ordinance, on a
permit-specific basis, or as a combination of the two. For example, Atlanta has a post-development
stormwater management ordinance that requires new development and redevelopment projects to
implement measures to control stormwater runoff once construction is complete.72 This ordinance was
recently modified to require that projects treat the first inch of stormwater with green infrastructure.73
While such permitting requirements have the potential to be important tools, they are subject to legal
restrictions under the takings doctrine. Technically, requirements to install or preserve ecosystem
services would be exactions, which are only valid to the extent that they have a significant nexus with and
are roughly proportional to the projected impacts of the proposed development.74 For example, requiring
a new development in a flood plain to leave open space to serve as a spill way would be constitutional so
long as the amount of open space required was roughly proportional to the projected additional impacts
caused by the proposed development. The Supreme Court’s recent decision in Koontz held that
requirements to pay money can be exactions, also subject to takings analysis.75


In light of recent case law, additional research can provide clarity on the constitutional limits of
municipalities’ ability to require the provision of ecosystem services or related in lieu fees as a
condition of new development permits.



Empirical research on cities’ practices with respect to green-infrastructure exactions is also
needed. For example, following the Dolan decision, social scientists discovered that cities had
mostly been under-exacting, not over-exacting, and the decision proved actually to empower
cities to seek more exactions, contrary to some commmentators’ initial concerns.76

Liability, Compliance, and Insurance Issues
A significant number of recent green infrastructure projects undertaken by municipalities have
arisen from obligations under legal settlements, often addressing cities’ liability for discharges from their
stormwater or combined sewer outfalls that exceed the limits set in permits issued under the Clean Water
Act. The consent decrees settling these lawsuits may call for some elements of green infrastructure to be
included in plans to reduce a city’s stormwater discharges. For example, the recent modification to the
consent decree for the City of Chicago requires the implementation of a Green Infrastructure Plan.77 The
Plan itself has a number of required elements including that the city agency “work with partners and
stakeholders to plan legal and institutional mechanisms (1) to preserve and maintain constructed green
infrastructure projects that are put in place under Section III and (2) to ensure that future site or land use
changes do not result in the loss of the runoff reduction benefits of Green Infrastructure projects.”78
72
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Similarly, the recent modification to the consent decree for Seattle encourages the city to use green
infrastructure measurements as appropriate in its long term control plan, and the 2010 modification to
New York City’s combined sewer overflow consent decree calls for the replacement of some grey
infrastructure with green infrastructure projects.79 The threat of financial liability for city agencies or
utilities creates both legal and political justifications either for charging fees to sewer users, for example,
that can be used for green infrastructure projects or using general funds for liability-offsetting green
infrastructure.
Research into the source of funding used to meet consent decree obligations may shed light on
mechanisms that could be used for public financing of ecosystem services projects. Relying on urban
ecosystem services to meet compliance obligations could provide an important incentive for increased
provision of services, but this raises a host of challenges.


What is the potential for an opportunistic strategy of using consent decrees to drive major
investments in urban ecosystem services across cities?



To promote greater reliance on urban ecosystem services for regulatory compliance, consistent
and credible compliance metrics must be developed for urban ecosystem services.



In the event that green infrastructure measures fail or do not provide the expected level of
services, what are the consequences of noncompliance? Can municipalities still be required to
make additional investments in traditional “grey” infrastructure to meet the substantive
requirements of the law?



Apart from consent decrees, what other alternative compliance and enforcement pathways for
ecosystem services approaches are feasible?



If natural infrastructure fails to provide the expected benefits, who bears the liability for that
failure?

The above examples raise a number of interesting questions that will be applicable to all
ecosystem services projects. These questions include how to handle liability for ecosystem services
projects, what types of insurance may be available to protect a party in the event of an ecosystem services
failure, and how compliance with ecosystem services requirements can be measured.
While the proliferation of green infrastructure requirements in Clean Water Act consent decrees
provides an important example of the opportunities to increase the application of ecosystem services, it
also demonstrates a genuine liability limitation. The general framework of the major environmental laws
in the United States relies on compliance with substantive numeric standards as measures of both
environmental quality (e.g. the National Ambient Air Quality Standards or Water Quality Standards) and
facility specific compliance (typically through the application of facility-specific emission rates). In
addition, the legal framework imposes separate and distinct numeric standards for each pollutant, often
ignoring co-benefits of green infrastructure that might improve environmental performance across several
measures but fail to meet all numeric standards. While ecosystem service programs can be designed to
meet particular environmental quality objectives, research on their ability to meet specific numeric

79
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performance criteria is limited.80 As a result, entities using ecosystem services to meet substantive legal
obligations may find that they are left with residual risk and additional compliance cost if the ecosystem
services projects fail to function as designed.
Entities adopting ecosystem services approaches to meet legal obligations may wish to purchase a
type of pollution liability insurance that would provide protection in the event that the project fails to
deliver the required services. Moreover, when ecosystem service projects require financing for major
physical infrastructure, it may be impossible to finance a project if it cannot be insured.
While in some respects uncertainty over the performance of ecosystem services seems like a
novel risk, all pollution control technologies have some risk of failure from mechanical breakdowns.
Viewed in this light, the risk of using ecosystem services for compliance can be managed in much the
same way that the traditional risk of pollution equipment failure is and theoretically should be insurable.
A further complication arises when many of the activities needed to guarantee the provision of an
ecosystem service are outside of the control of the entity with the compliance obligations. For example, a
municipality using green infrastructure to comply with a Clean Water Act stormwater requirement must
rely upon the actions of many individuals on their private property to insure that the stormwater reduction
benefits are achieved.
Another way to address the risk of provision failure is through the issuance of time-limited credits
that can be re-issued if a project continues to perform the ecosystem services expected of it. For example,
in Washington, D.C.’s stormwater program, a landowner can be issued tradable credits for green
infrastructure installed on his private property.81 The credit is valid for a three year period.82 If during
that three-year period the District government learns that the landowner has not maintained the project,
the landowner is required to pay back any funds received through the sale of the stormwater credit.83 If,
at the end of the three-year period, the project continues to function as intended, a new credit can be
issued after inspection by the District government.84 The research questions below highlight the need for
more research on the insurability of ecosystem services.


What types of insurance products are appropriate for urban ecosystem services? Would insurance
cover the physical aspect so the ecosystem services project itself or just the service that it is
supposed to be providing?



Can insurance provide meaningful coverage or are new products needed? If insurance is
infeasible, is self-insurance by the party responsible for providing the service possible?



Can insurance protect against the risk of failure or noncompliance if private landowners do not
maintain their components of the ecosystem services project? What contractual terms could
provide adequate protections against this risk in case of payments for ecosystem services?



What are the costs of monitoring green-infrastructure projects for performance and the related
administrative costs of administering a time-limited credit system?

80

Note that EPA but much work remains to refine the design of projects to ensure that they can meet numeric,
legally enforceable performance criteria.
81
D.C. Municipal Regulations Ch. 5 Tit. 21, available at
http://ddoe.dc.gov/sites/default/files/dc/sites/ddoe/page_content/attachments/2013%20SW%20Rule.pdf
82
Id. at § 531.10.
83
Id. at § 532.5
84
Id. § 531.10.
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C.

Governance

The services that ecosystems provide to urbanized areas are both dynamic and multifaceted,
varying in scale and effectiveness. As a result, identifying the appropriate governance structures to ensure
the provision of ecosystem services to urban is complex. By “governance,” we mean the institutional
arrangements, both governmental and civic, as well as the associated processes that achieve and maintain
urban ecosystem services. The paragraphs below set out the key research areas surrounding the
institutional aspects of ecosystem service provision as well as specific questions that merit further study.
Scale of action
Ecosystem services can be provided at various spatial and temporal scales depending upon the
type of service. Water filtration services from forested lands within a watershed often occur at a regional
scale spanning multiple political jurisdictions. Services provided more locally, such as bio-retention
swales or rain gardens to mitigate stormwater flow, are often within the control of a single entity. Services
also vary across time scales. For example, management decisions about the mix of ecosystem services
provided today may impact the extent of ecosystem services available to future generations. As a result,
governance of urban service provision cannot be one-size-fits-all. The list below highlights the key
research questions raised by spatial and temporal aspects of service provision.


Are services that are provided locally (such as green infrastructure at the site level) more
efficiently provided by municipal officials than services that are provided regionally
(such as the filtering of precipitation by forested lands in distant areas within a large
watershed)?



When service-sheds cross political boundaries, does that impede ecosystem service
protection efforts? If so, how have actors overcome this challenge? Is voluntary,
intermunicipal cooperation a viable option?



Are particular levels of government more effective in administering particular policy
mechanisms (e.g., property law, zoning, voluntary programs, payment for ecosystem
services, etc.)?



How do governance mechanisms address temporal challenges of service provision where
near-term needs of the current generation are valued more than long-term needs of future
generations? How is this affected by the perspective of current actors involved in
provision and consumption of ecosystem services?



How does the flow of information between various levels of governance actors either
promote or impede provision of ecosystem services?

Parties
Ecosystem service stakeholders span a wide range of actors, including providers, beneficiaries, and
institutional intermediaries. How these parties interact and communicate is critical to the management
choices that determine the governance of service provision. The list below identifies key questions about
the role of parties in the provision of urban ecosystem services.
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How does the structure and financing of utilities/agencies influence their efficiency and
effectiveness in protecting ecosystem services?



How can future generations be represented at the table during policy discussions regarding
ecosystem services?



Does the scale or type of ecosystem at which governance activities occur affect which
stakeholders participate in governance and the degree and methods of their participation?



What mechanisms can serve as scale-crossing agents, i.e., able to provide information and
perspective on how aggregated development decisions at the site-level scale influence the
provision of ecosystem services at the municipal or regional levels?



Which participatory processes will engage a wide range of stakeholders effectively in ecosystem
services governance over time? How do legal actions (e.g., litigation, legislation, regulation)
affect stakeholder participation and cooperation, as well as governance efficacy? Which
participatory processes are most adaptive to changing conditions over time?

Service targeted
Different ecosystem services vary in their characteristics, operating across different spatial scales,
locally to globally, as well as in their economic value and relationships with the legal and economic
institutions and norms. Some services are given a strong value by existing policy/regulation (e.g., the
Clean Water Act gives value to stormwater mitigation), while others do not have a clear regulatory
mechanism giving value to them. The questions in this section consider how the key characteristics of an
ecosystem service affect programs targeted to maintain or enhance that ecosystem service.


Should specific urban ecosystem services be prioritized for management, and if so, how does this
influence governance structure?



Which ecosystem services are highly valued by current law and policy? Are there “gaps” in
coverage that allow some important ecosystem services to be overlooked by policymakers?

Environmental objectives across government silos
The links between human land management actions and the level of ecosystem function are quite
complex, depending on the ecosystem function in question, local ecological context, and specific
characteristics of management actions. Moreover, management of lands to maintain or enhance a
particular ecosystem function may have tradeoffs, degrading ecosystem function in other respects. The
questions in this section describe how land managers consider these complexities in achieving specific
environmental objectives, given that institutional structures are not generally designed to address these
cross boundary interactions.


What is the link between resource management and service provision? How do governance
structures influence what is measured and how this is counted?



How can actors overcome “silo” agency configurations with a narrow focus to promote multifaceted ecosystem service provision (e.g., not just stormwater here, habitat there)?
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Are there examples of cities with strong sustainability (or similar) offices or plans able to
overcome agency silos? Are these offices effective? If so, why are they effective?



Are comprehensive and individual-agency planning processes capable of optimizing multiple
service provision simultaneously? What roles do or can adaptive planning processes have?

Accounting for Ecosystem Services
Provision of ecosystem services may compete with traditional infrastructure in competitive budget
environments to help defray compliance obligations already faced by a government entity. Moreover,
regulatory systems have not traditionally focused on green infrastructure as a means to achieve
compliance. Part of this is due to inadequate information.
Characterization of the services that are provided in urban areas can facilitate a location–specific
valuation and help discern the conditions of ecosystems in local areas and their relationship to
communities. Specifically, such characterization can assist communities in prioritizing trade-offs from the
menu of ecosystem services that are subject to local pressures and needs. Some communities have
partnered with governmental and nongovernmental entities to value the ecosystem services of particular
resources in particular locations. Examples include the work done to value urban forest services, the longstanding and continuing work of wetlands value in the context of artificial wetlands and wetland
enhancements, and the varieties of open space values and storm water control benefits through green
infrastructure. Overall, though, little is understood about the ways and methods that ecosystem service
values might be incorporated into local decision-making. At a minimum, there needs to be a much more
grounded understanding through detailed case studies of how local governments practically rely on
ecosystem services.


To assist understanding of urban ecosystem trade-offs, researchers should compile an ecosystem
services inventory the relative costs and benefits of service provision, and how provision of
services can conflict.



Economic studies to fill gaps in the valuation of urban ecosystem services can lead toward the
development of robust meta-analysis and reduced uncertainty in benefit-transfer methods for
urban systems, reducing costs and time associated with monetizing services.



What are the traditionally leveraged policies for provision of ecosystem services? What nontraditional approaches have been employed and could be translated to more widespread
implementation?



How can information on the efficacy of specific ecosystem services be provided among different
actors so that the governance system is able to adapt to changing circumstances?

Ownership, enforcement and sanctioning
Both scholarship and anecdotal evidence note multiple instances of ecosystem services being
impeded by “administrative silos.” Ecosystem services require very different administrative structures and
management than that associated with traditional gray infrastructure. Scales and maintenance
requirements differ as do both affected and responsible individuals. Particularly in situations involving
multiple individuals or communal ownership, such as distributed green infrastructure in urban
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environments, identification of responsible parties and enforcement of management responsibilities can
be a challenge.


What are the pathways for management of urban ecosystem services? Are there examples of
decentralized management of services, and if so, how have these been initiated/implemented?



How is enforcement and ownership structure tied to compliance?



What can the behavioral sciences tell us about the methods that best develop environmentally
responsible behaviors among individuals and organizations? Do these behavior-shaping methods
include robust stakeholder participation in rule development and/or participation in rule
enforcement? What are the implications for the cognitive framing of ecosystems and their values
to urban communities?

How does governance influence adaptive management?
There is an established and expanding literature on the subject of adaptive governance and ecosystem
resilience. Implementing multiple management strategies or adopting new governance structures is easier
said than done, however. In light of the benefits identified with adaptive management and adaptive
governance structures, how can real-world constraints be overcome to better accommodate the provision
of ecosystem services?

IV.



Given institutional constraints, how can governance structures be better designed to accommodate
adaptive management of urban ecosystem services? What are the abilities of a given governance
structure to revisit decisions affecting service provision?



What are the relationships among adaptive management, adaptive planning, and adaptive
governance, particularly at the local scales at which cities operate?



Given uncertainties in ecosystem dynamics and their thresholds, how can resilience science be
employed practically and concretely to identify specific thresholds in urban ecosystems that could
trigger their collapse or substantial transformation if crossed, and how can those thresholds be
integrated into urban ecosystem services policies?

Conclusion

Whether described as green infrastructure, urban ecosystem services, or some other term, there is
undeniably growing interest across the country in the use of natural features and managed landscapes to
provide valuable services to city residents. In certain circumstances, the benefits nature provides for
human health and well-being are likely to be both extensive and important in urban spaces. Not
surprisingly, the challenges of providing urban ecosystem services to date have largely been analyzed
through the perspective of specific disciplines – legal scholars writing for lawyers, urban planners writing
for their community, etc. This article has sought to bridge disciplinary divides, bringing together active
researchers from a range of fields to identify the most important research questions raised by the
provision of urban ecosystem services. Our hope is that the issues and challenges identified above will
catalyze directed research in this burgeoning and important field.
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