


 

lower overall. A better understanding of the use and implementation of ecosystem 

services can clarify best practices for leveraging green infrastructure approaches to 

generate additional benefits and assist municipalities in becoming more resilient. This 

study’s conclusion is that there is a strong relationship between green infrastructure 

and preserving or creating ecosystem services, but that there is a great deal of variation 

in how these initiatives are approached at the municipal scale.  
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Chapter 1 

Introduction  

The Municipal Planning and Development Paradigm 

 Municipalities are coupled human and natural systems on which we have 

superimposed roads, buildings, and other anthropogenic elements. Often referred to as 

built infrastructure, these elements replace or modify natural resource systems when 

they are added to the landscape. Built infrastructure is intended to benefit the human 

inhabitants of the municipality with managed systems that provide places to live, 

work, and meet other essential needs, while also playing a role in the economic fabric 

of the community. This built infrastructure also includes networks of grey 

infrastructure which support the built environment with functions such as stormwater 

management and transportation facilities (Svendsen, Northridge, & Metcalf, 2012). 

However, the underlying network of natural resources which serves as the green 

infrastructure also benefits the human inhabitants and many other species. According 

to Moffatt and Kohler (2008), this green infrastructure is typically not recognized in 

the creation of the built environment, and it is being lost. 

 In municipalities across the United States, the development of built 

infrastructure is playing out at different rates and levels of intensity. As it does, 

existing systems of natural resources are fragmented and disassembled to make way 

for ever-expanding built infrastructure. As development happens, these municipalities 

lose critical benefits provided by nature, such as water filtration, wildlife habitats, air 
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purification, flood protection, and food production, and they become less resilient to 

future challenges. These benefits have been defined as ecosystem services within the 

development of a language that attempts to incorporate the important contributions of 

these systems to human well-being in municipal planning and other efforts that have 

historically undervalued them (United Nations, 2006). To manage the built 

infrastructure without these benefits, we have devised engineered solutions such as 

extensive stormwater management systems (grey infrastructure) that achieve some—

but not all—of the functions of the natural systems they displace.  

The role of municipal land use planning and regulation is to guide the land 

development process while facilitating human well-being. This scope includes 

ensuring the functioning of natural resource systems, which provide ecosystem 

services. Often, the result of this process is the systematic disruption and disassembly 

of these landscape-level natural systems to accommodate built infrastructure 

(Blignaut, Milton, Aronson, & Society for Ecological Restoration International, 2007). 

As a result, there is confusion on how best to address these converging issues at the 

municipal level. 

Green infrastructure initiatives involve a planning philosophy and a regulatory 

approach that can be applied at various scales, incorporate a range of ecosystem 

services, and reduce or eliminate the negative aspects of land development (Hansen et 

al., 2015). In the absence of a comprehensive approach to planning and development, 

natural resources are more likely to be further fragmented, degraded, and eliminated as 
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the built infrastructure expands. Green infrastructure represents both the network of 

natural resource systems in a municipality and a municipal planning framework that 

considers these resources important. The planning application of green infrastructure 

is a way to consider existing natural resource systems within the municipality and their 

need for protection, while also looking for areas of the municipality that would benefit 

from the restoration of natural systems. However, it is not clear how municipalities in 

the United States are using green infrastructure planning initiatives to accomplish 

these goals and/or which ecosystem services are being considered. Elucidating this 

would provide a baseline of knowledge that could be used to formulate new 

approaches and recommendations for federal policy makers and municipal decision 

makers. This study provides a baseline understanding that can help the evolution of 

green infrastructure planning in the United States using ecosystem services as a 

framework. 

Purpose of the Study  

This study was conducted to better understand how municipalities are using 

municipal green infrastructure planning to better address the converging issues of 

development, land use regulation, and natural resource management. This 

investigation was accomplished through a qualitative case study approach that 

included a content analysis of 48 municipal green infrastructure plans. Thirty of these 

plans indicated regulatory actions as part of their implementation strategy. Following 

the content analysis, twelve semi-structured interviews were conducted with 



 COMMUNITY RESILIENCE 4 
 

 

individuals involved in the creation and/or implementation of a subset of these plans, 

and 16 adopted land use regulations where then coded as part of a second content 

analysis. The most important central concepts of this study are green infrastructure and 

ecosystem services. Their definitions are included below: 

o Green Infrastructure: “Green infrastructure has evolved as an umbrella solution 

to improve the sustainability and resilience of metropolitan regions. It is 

utilized for everything from habitat and resource provisioning and protection; 

growth management; and climate change mitigation and adaptation at regional 

scales to stormwater and flood management; landslide, erosion, and sediment 

control; urban heat island mitigation; brownfield remediation; and mobility, 

recreation, education, and public health provision at city, community, and site 

scales” (Roderick, 2016, p. 306). 

o Ecosystem Services: “[Ecosystem services are] the benefits people [and other 

species] obtain from ecosystems. These include provisioning services such as 

food, water, timber, and fiber; regulating services that affect climate, floods, 

disease, wastes, and water quality; cultural services that provide recreational, 

aesthetic, and spiritual benefits; and supporting services such as soil formation, 

photosynthesis, and nutrient cycling” (United Nations, 2005, p. 40). 

This project was framed using the following research questions: 

1. How do municipalities define the term ‘green infrastructure’?  

2. Which ecosystem services are addressed in green infrastructure municipal 

plans?  
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3. What specific regulatory actions are identified in green infrastructure 

municipal plans? 

4. How have green infrastructure regulations been implemented in these 

municipalities? 

As municipalities prepare to guide future land use changes, there are many strategies 

that can be implemented at the local level. The focus of this research is on the use of 

green infrastructure as a strategy for both natural resource conservation and ecological 

restoration through municipal planning processes to address the challenges created by 

the built environment, while continuing to provide the goods and services needed by 

society. Better understanding the use and implementation of green infrastructure 

planning initiatives can clarify the degree to which this approach is being leveraged 

currently to address the converging development, conservation, and infrastructure 

needs of municipalities. This information can then be used to produce green 

infrastructure strategies with greater clarity that will help to inform municipalities of 

effective approaches to green infrastructure planning and land use regulation.  

Organization of the Study 

Chapter 1 provides an introduction to this study and an overview of the 

development paradigm at the municipal level, and further explains the role that green 

infrastructure may play in providing critical ecosystem services. It also lays out the 

problem to be studied and its importance. Chapter 2 reviews the literature related to 

municipal planning and land use regulation, ecosystem services, and green 

infrastructure to provide a foundation of understanding that this research can build 
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upon. Chapter 3 explains the three phases of research and the methods used in data 

collection and analysis. This case study approach utilized qualitative research methods 

to analyze municipal green infrastructure plans and land use regulations, and semi-

structured, in-depth interviews were also conducted with municipal officials. Chapter 

4 analyzes the data in relation to each of the research questions and presents the 

findings as they relate to green infrastructure at the municipal level. Chapter 5 

summarizes the study and draws conclusions of value for municipal decision makers, 

state and federal policy makers, planners, designers, researchers, and other 

stakeholders.  
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Chapter 2 

Land Use Planning, Ecosystem Services, and Green Infrastructure 

Introduction 

This chapter outlines the key findings from the literature review used to design 

this research effort. Within the chapter, there is an overview of the origin of land use 

planning and regulations and an identification of key research highlighting 

opportunities to leverage these systems for future decision making at the municipal 

level. The chapter also explores related literature on ecosystem services and green 

infrastructure to understand what is known about these topics in the context of 

municipal planning. 

Municipalities in the United States are empowered to regulate land 

development locally—however, local land use change is often associated with 

negative environmental impacts (Milder, Lassoie, & Bedford, 2008). An example is 

suburban sprawl, which has the documented effects of fragmenting natural resources 

and contributing to air pollution and other ecological impacts (Hasse & Lathrop, 

2003). The intent of municipal land use planning and regulation is to guide the 

regulatory process for establishing the built environment while protecting and 

facilitating ecosystem services, the public good, and human well-being. In the past, 

however, the results of this process have often contributed to the disruption and loss of 

landscape-level natural systems (Blignaut et al., 2007). For example, in the United 

States, siting development has contributed to a loss of wetlands and riparian buffers, as 
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well as the resulting degradation of water quality and other ecosystem services 

(Mitsch & Hernandez, 2013). As a result of these types of contradictions, 

municipalities in the United States are losing critical natural resource functions. 

Natural resources are important because of their ecological complexity and 

their ability to provide a range of ecosystem services. Ecosystem services are the 

“conditions and processes through which natural ecosystems, and the species that 

compose them, sustain life” (Daily, 2012, p.3). As municipalities prepare to guide 

future land use change, there are many strategies that may be implemented at the local 

level to protect ecosystem services. These include the protection or creation of green 

infrastructure that supports the built environment while maintaining or creating a 

range of ecosystem services. Green infrastructure was initially recognized as the 

interconnected network of open spaces and natural areas in a municipality, but over 

time it was also recognized that in developed areas this network can be supplemented 

or extended with engineered features such as rain gardens, green roofs, tree plantings, 

permeable pavement, and other landscape features (Wise S. et al., n.d.). These 

approaches have the potential to reduce the impact of new development while meeting 

the public’s needs for amenities and anticipating evolving needs related to issues such 

as global climate change (Austin, 2014). This literature review focused on 

understanding the potential for green infrastructure strategies to conserve or restore 

ecosystem services through conscious municipal planning.  
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Land Use Planning and Regulations  

The Origin of Land Use Planning and Regulations in the United States 

The legal basis for the municipal land use planning process and zoning 

regulations in the United States are two state-enabling acts published by the U.S. 

Department of Commerce in the 1920s. The 1926 Standard State Zoning Enabling Act 

enabled the creation of zoning regulations, and the Standard City Planning Enabling 

Act of 1927 focused primarily on the preparation of municipal master plans (Standard 

State Zoning Enabling Act and Standard City Planning Enabling Act, n.d.). While they 

were not immediately implemented by all states or municipalities, these acts have led 

to the adoption of state-specific enabling legislation, and the majority of municipalities 

in the United States have adopted master plans and some combination of land use 

regulations as a result of these acts. This section represents an important aspect of this 

literature review, because it provides the basis for municipal planning and zoning 

efforts that guide land use change and could potentially be used to address ecosystem 

services. 

The existence of a municipal planning process provides an opportunity to study 

the state of natural resources in a community, to distinguish threats to these resources, 

and to recognize the ecosystem services that should be preserved or restored over 

time. BenDor, Spurlock, Woodruff, & Olander (2017) cite the importance of Ian 

McHarg’s ecological planning work and argue that ecosystem service-based planning 

frameworks should be used in the planning process to inform those involved of the 
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potential land use impacts and opportunities. These researchers studied the use of 

ecosystem service information to inform and improve plan specificity and the creation 

of land use policies (BenDor, Spurlock, Woodruff, & Olander, 2017). This process of 

municipal planning and land use regulation could be leveraged to guide land use 

change that considers the impact on ecosystem services. Rather than allowing land use 

changes to degrade or eliminate ecosystem services over time, municipalities could 

require that developers understand them, protect them, and even restore lost ecosystem 

services. 

Municipal Plan Preparation and Implementation 

Municipal land use planning is a participatory process that engages local 

residents and property owners in the exercise of planning for the future of their 

community. Typically, this is a process that is led by municipal decision makers, and it 

may include assistance from other professional experts. As a result, there is 

tremendous variability in what is addressed in municipal land use plans. Berke and 

Godschalk (2009) found that there is actually a gap in knowledge about the quality of 

municipal land use plans in general, as they are not routinely evaluated against best 

practices standards.  

Some states, such as Florida, require that municipal plans address specific 

topics, and then the plans are reviewed and approved by a state or county agency that 

has been granted authority. Research in this area has found that plan quality is higher 

in states with such mandates for local planning, and quality is also improved in states 
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where authority to review local plans and enforce mandates is greater (Deyle & Smith, 

1998). Florida is considered to be among the strongest of the mandate states, but in 

many states it is not politically palatable to grant such power to municipalities (Berke 

& Godschalk, 2009). Analyzing land use plans from across the United States in this 

research project revealed a great degree of variability in plan quality and content based 

on the many variables impacting the land use planning process. 

Once a land use plan has been adopted, it must then be implemented using 

regulatory and non-regulatory means. Implementation of the plan puts it into action 

and drives future land use changes toward the municipality’s chosen vision. The non-

regulatory path may include land conservation initiatives or infrastructure changes by 

municipal departments. The regulatory path would be implemented through changes to 

the zoning, site plan review, or subdivision regulations, and it would include private 

property owners when they engage in development activity (Kelly, 2012, p.207).  

 The strength of this municipal planning process is that it provides an 

opportunity to consider resources and land use change at various scales. This approach 

includes landscape scale data on natural resources, settlement patterns and human 

needs, and implementation strategies that may extend across multiple properties and 

possibly even beyond the municipal boundaries. At the same time, the process 

considers how to guide incremental changes at the parcel scale, which is typically how 

development projects are reviewed and permitted. It is also important to remember 

that planning and regulation at any particular scale is also happening over a period of 
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time, which adds another dynamic and set of challenges to the planning process and 

implementation efforts. This research project focused on how municipalities plan for a 

range of ecosystem services and which regulatory actions they implemented after their 

green infrastructure plan was adopted. 

Development Activity and the Failures of Municipal Planning  

The most obvious disconnect in the land use planning process is between plan 

adoption and implementation. Despite the best intentions of those planning for the 

future of their municipalities, the influence of many plans on infrastructure 

development ends once they are adopted. This is because many plans’ 

recommendations do not advance through the implementation process to become 

enforceable regulations (Brody & Highfield, 2005). Land use plans that do not result 

in policies calling for the implementation of the recommended regulatory actions are 

considered to be exercises in wishful thinking (Austin, 2014). While this description is 

a simplification of the dynamic between planning and implementation, the reality is 

that the reasons for this disconnect are many and relate to the specific variables at play 

in each municipality.  

However, Loh (2012) found that there are four common potential disconnects 

that can jeopardize the effectiveness of a land use plan and the regulations used to 

implement the plan. These include challenges related to the initial visioning process, 

plan writing, local government actions related to implementation, and enforcement of 

adopted ordinances (Loh, 2012). Even with these challenges highlighted, the 
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municipal land use planning and regulatory process provides the most direct path for 

integrating ecosystem services and guiding future development activity. The enabling 

powers, planning processes, and regulatory authorities are already in place, and most 

land use changes are governed by similar frameworks, so it makes sense to leverage 

this system for positive change that results in greater community resilience over time.  

Euclidean zoning is a common regulatory tool found throughout the United 

States, and it has played a significant role in furthering the pattern development of the 

built environment—and the loss of natural resources and the ecosystem services they 

deliver (York et al., 2014). According to Hall (2007), this is often accomplished by 

requiring a separation of uses and lower-density development that has the effect of 

spreading development across the municipality. This separation creates a pattern of 

development sprawl and the associated environmental, economic, and social costs. 

These costs include increased impermeable surfaces, habitat fragmentation, loss of 

wilderness and farmland, racial and socioeconomic segregation of the population, and 

legal obstacles to effective rehabilitation of existing villages and urban centers (Hall, 

2007, p.916). This pattern of development often runs counter to the vision of the 

municipal land use plan, neglects municipalities’ dependence on ecosystem services, 

and is further reinforced by transportation and energy policies that ensure reliance on 

automobiles in many parts of the United States. 

 While the consideration of ecosystem services is not widely incorporated into 

municipal planning documents at this time, recent research has called for the 
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incorporation of ecosystem services more explicitly in land use plans to achieve 

greater environmental protection (Langemeyer, Gómez-Baggethun, Haase, Scheuer, & 

Elmqvist, 2016). According to Woodruff and BenDor (2016), guidance documents 

from the American Planning Association fail to provide guidance on how land use 

plans should specifically incorporate ecosystem services. The absence is significant, as 

this organization is the primary education and professional development group for 

professional planners and municipal decision makers handling local planning duties. 

Woodruff and BenDor (2016) studied two notable municipal plans in Oregon and 

Ohio and propose that an ecosystem perspective could better elevate the importance of 

environmental protection. They go on to suggest that this theory be tested by 

analyzing a larger sample of plans (Woodruff & BenDor, 2016), as the present 

research does. 

In a policy report on climate change mitigation tools, Condon, Cavens, and 

Miller identified that the “greatest influence of local governments is evident in their 

decisions on urban form, primarily through urban planning and land use regulation” 

(2009, p.8). The authors go on to explain that local planning efforts guide non-

regulatory infrastructure investments and land use regulations, and that these efforts 

have the potential to promote the use of techniques such as green infrastructure to 

ensure that natural systems are in place to process stormwater, reduce energy use, 

provide local food, and meet other needs (Condon et al., 2009).  This dissertation 

research project supports the work of local governments by providing a deeper 
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understanding of how they are currently addressing green infrastructure. This will be 

accomplished through the identification of improvements that can be made to the 

municipal planning and regulatory process to better address green infrastructure.  

Ecosystem Services  

 In Aldo Leopold’s seminal work, A Sand County Almanac (1949), he explains 

that “we abuse land because we regard it as a commodity belonging to us. When we 

see land as a community to which we belong, we may begin to use it with love and 

respect” (p.viii). Leopold goes on to define the term ‘community’ in his essay Land 

Ethic (1949) as being comprised of all parts of the earth including soils, water, plants, 

and other animals including humans. His work redefined the role of humans as part of 

the earth’s natural systems rather than as the conqueror of these systems, and he 

ushered in a new period of environmental perspective (Leopold, 1949, p.204). 

Leopold’s work directly relates to the complexity of municipalities being examined in 

this study as communities of coupled human and natural systems.  

 Rachel Carson’s work in Silent Spring then drew additional attention to the 

need to reconsider human “progress” and the related treatment of natural systems 

(Carson, Lear, & Wilson, 2002). Carson’s work focused on the pollution of our shared 

natural resources through conventional practices (Carson et al., 2002). These works 

and others built a foundation for the modern environmental movement that highlights 

the importance of the planet’s natural systems and the many services they provide. 

Despite the insights generated by these works, municipal decision making continues to 
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be disconnected from the reality of environmental systems, resulting in the continued 

loss of natural resources. The concept of ecosystem services presents a new way of 

thinking about natural resources and their significance. Ecosystem services are defined 

as the many benefits humans [and other species] obtain from the planet’s ecosystems 

(United Nations, 2005). The concept of ecosystem services will be a central theme for 

this investigation of green infrastructure planning in the United States, because it 

provides a framework for examining the range of potential issues being addressed 

through these initiatives. 

 The origin of the term ‘ecosystem services’ may pre-date the work of Wilson 

and Matthews (1970) on environmental services, but their work is considered by many 

to be the start of the modern era of research on the topic (Lele, Springate-Baginski, 

Lakerveld, Deb, & Dash, 2013). Since their work, other researchers have contributed 

to the understanding of the exchange of services between natural systems and society, 

and in the mid-1980s Ehrlich and Mooney re-named this concept ‘ecosystem services’ 

(Lele et al., 2013). The concept of ecosystem services has the potential to 

communicate the importance of humans as members of an ecological community, as 

Leopold suggested, and to provide a means of assessing the values (including 

monetary values) and other impacts related to land use policies and changes. As a 

result, the term has become widely used, and it can be useful for informing many 

natural resource planning efforts. 
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Millennium Ecosystem Assessment 

In 2005, the United Nations released the Millennium Ecosystem Assessment in 

an effort to further our understanding of the consequences of ecosystem change and to 

establish a scientific approach to ecosystem stewardship that recognizes their benefits 

to humans and other species (United Nations, 2005). This effort promoted the 

academic and professional use of the term ‘ecosystem services’, and research on the 

topic has expanded since that time. The definition of ecosystem services that was 

developed and published in the Millennium Ecosystem Assessment serves as one of 

the core elements of this research effort (United Nations, 2005). 

 At the basis of this definition is an understanding that “an ecosystem is a 

dynamic complex of plant, animal, and microorganism communities and the nonliving 

environment interacting” (United Nations, 2005, p.V). The Millennium Ecosystem 

Assessment addresses a complete range of ecosystems found on the planet, from those 

that are relatively undisturbed to others that are more intensely managed or integrated 

in the built environment (United Nations, 2005). Based on this understanding, the term 

ecosystem service is further defined as: 

[Ecosystem services are] the benefits people [and other species] obtain from 

ecosystems. These include provisioning services such as food, water, timber, 

and fiber; regulating services that affect climate, floods, disease, wastes, and 

water quality; cultural services that provide recreational, aesthetic, and spiritual 

benefits; and supporting services such as soil formation, photosynthesis, and 
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nutrient cycling” (United Nations, 2005, p. 40). 

One of the important aspects of ecosystem services as they relate to land development 

and the loss of natural resources during the development process is the recognition that 

humans are an integral part of ecosystems (Mace, Norris, & Fitter, 2012). Many 

aspects of the ecosystems that are critical for human subsistence may be over used or 

taken for granted, which often results in impacts such as biodiversity loss. Therefore, 

it is important to recognize that human activity creates change in ecosystems—directly 

and indirectly—and that human induced changes may also have an impact on human 

well-being (Díaz, Fargione, Iii, & Tilman, 2006). Given these assumptions, the 

creation of the built environment for social well-being must also take into account 

efforts to protect and preserve a range of ecosystem services. 

The Millennium Ecosystem Assessment emphasized that everyone depends 

completely on the earth’s ecosystems. More importantly, the work confirmed that 

“over the past 50 years, humans have changed these ecosystems more rapidly and 

extensively than in any comparable period of time in human history, largely to meet 

rapidly growing demands for food, fresh water, timber, fiber, and fuel” (United 

Nations, 2005, p.15). The effects of this degree of impact and the potential costs 

associated with it are only now coming into focus, and not all regions or groups of 

people have benefited or suffered equally from the outcomes of development. 
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Challenges to the Application of Ecosystem Services at the Municipal Scale 

Many positive aspects of the use of the term ‘ecosystem services’ have been 

identified, but it is important to recognize that there are also limitations. While the 

concept of ecosystem services is comprehensive and may better reinforce the 

relationship between humans and their ecosystems, a coherent and integrated approach 

with a practical application of the concept in land use planning and decision-making is 

still lacking (de Groot, Alkemade, Braat, Hein, & Willemen, 2010). One of the 

challenges to this adoption of the concept is the time and political will needed at the 

municipal level. Another set of challenges may be the intangible nature of some of the 

services, such as the aesthetic and spiritual functions they serve, and the perceived or 

real economics of planning for and regulating ecosystem services. 

 Toby Hemenway, author of The Permaculture City (2015, p.240) cautions that 

top-down planning is not the path forward to healthy cities. Hemenway’s work focuses 

on a grassroots approach that embodies a full range of ecosystem services and 

considers the role of humans as components of their ecosystems (Hemenway, 2015). 

However, to ignore the opportunity to leverage the existing regulatory system to 

promote development activity that includes an acknowledgement of the importance of 

ecosystem services perpetuates the paradigm that leads to resource destruction. 

Engaging with the planning and regulatory processes as well as grassroots voluntary 

efforts has the potential to result in real change. 
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 Similar findings resulted from a study of ecosystem services-related initiatives 

at the municipal level in Sweden (Beery et al., 2016). The authors reported that the 

first challenge to addressing ecosystem services is the origin of ecosystem services as 

an academic and theoretical construct. While perceptions of the concept were 

generally favorable among the study’s respondents, it was challenging to envision how 

to integrate the concept into existing municipal policy and administrative systems to 

gain the benefits of an ecosystems-based approach at the local level. The authors’ 

recommendation is to include stakeholders in the planning process from the beginning, 

so that they can understand the value of ecosystem services in their municipality and 

incorporate their insights into implementation of municipal initiatives (Beery et al., 

2016). This type of participatory planning approach presents opportunities to educate 

the public about complex concepts while involving them in the discovery of new ways 

to incorporate the protection and restoration of ecosystem services in the municipality 

over time.  

 As the concept of ecosystem services gains interest and support, there has also 

been some discussion about how best to define the distinction between ecosystem 

functions and services, and how to classify the services in order to make them 

quantifiable in a consistent manner (Fisher, Turner, & Morling, 2009). Lele et al. 

classified three sets of weaknesses in the ecosystem services framework: confusion 

over ecosystem functions and biodiversity; the omission of dis-services, trade-offs, 

and abiotic nature; and the use of an economic valuation framework to measure and 
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aggregate human well-being (2013, p. 343). Throughout the research phase of this 

study, I explored these challenges to some degree, but some of the weaknesses are 

beyond the scope of this investigation and should be pursued in future research efforts. 

The Value of Ecosystem Services: Current Efforts 

Internationally, there are many examples of cities and nations working to 

incorporate ecosystem services accounting in their policies and practices to draw 

awareness to the interconnection of humans and natural systems (de Wit et al., 2012, 

Schaefer et al., 2015). China has been implementing a variety of national policies that 

include payments to property owners for ecosystem services provided. The Natural 

Forest Conservation Program (NFCP) and the Grain to Green Program (GTGP) are 

considered two of the largest initiatives in the world because of their geographic size, 

ambitious targets, amount of money involved, and potential for enormous impact (Liu, 

Li, Ouyang, Tam, & Chen, 2008). The NFCP is focused on the conservation of natural 

forest lands and includes bans on logging operations and reforestation incentives, and 

has resulted in substantial positive ecological and socioeconomic impacts. The GTGP 

promotes the conversion of cropland on steep slopes to forest and grassland 

ecosystems by providing farmers with the needed incentives of grain and cash 

payments (Liu et al., 2008). According to Liu et al., the GTGP program has directly 

benefited 120 million farmers nationwide, whereas the NFCP has directly affected 

only hundreds of state-owned forest enterprises and indirectly impacted numerous 

households. Both examples, however, have connected human needs within an 
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ecosystem through preservation and restoration activities that will ensure ecosystem 

services are available long term. 

 Costa Rica is recognized for having pioneered the use of payments for 

ecosystem services in 1997, and the country has reforested itself while rebranding 

itself as an ecotourism destination that celebrates natural resources (Bishop & Pagiola, 

2012, p.37). The program has also worked to charge users for other ecosystem 

services such as water, biodiversity, and carbon sequestration while rewarding 

landowners for their contributions to resource protection (Pagiola, 2008). While this 

initiative is only ten years old, the results have been impressive at a national scale and 

provide an example of what is possible. 

The Suzuki Foundation in Canada has completed regional studies of natural 

capital as a way of quantifying the value of ecosystem services and providing baseline 

data that will inform policy changes. The Foundation documented that the 

establishment of greenbelts of conserved natural resources and other green spaces 

around cities like Toronto and Ottawa have protected essential ecosystem services. 

According to the Suzuki Foundation, the benefits provided by the southern Ontario 

greenbelt alone are estimated at $2.6 billion annually (Wilson, 2010). This approach to 

protecting natural capital shows the potential for conserving the ecosystems that 

provide critical ecosystem services. If such an approach is coupled with regulatory 

requirements, these local, regional, and national approaches could potentially generate 

even more results. 
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Within the United States, in 2012, the National Ecosystem Services 

Partnership launched a project titled Federal Resource Management and Ecosystem 

Services to develop a credible approach to incorporating ecosystem services into 

natural resource planning and management (National Ecosystem Services Partnership, 

2016). To date, this effort has involved more than 150 individuals representing federal 

agencies, universities, and non-profit organizations, and the project has resulted in the 

development of a guidebook (National Ecosystem Services Partnership, 2016). There 

are numerous examples of federal agencies putting this knowledge of ecosystem 

services into action to guide land management efforts and other initiatives (Agency 

Examples | National Ecosystem Services Partnership, n.d.).  

John Allen, the Deschutes National Forest Supervisor, stated that “using an 

ecosystem services perspective is like moving from black and white to full-spectrum 

color in terms of the richness of the analysis and the ability to communicate it to the 

public” (Integrating Ecosystem Services into Federal Resource Management | National 

Ecosystem Services Partnership, n.d.). If this effort leads to a widespread adoption of 

ecosystem services approaches in planning and regulatory contexts at the federal level, 

it could potentially create a shift in environmental management that positively impacts 

multiple sectors (Schaefer et al., 2015). If this initiative is successful, it may also drive 

policy considerations at the state and municipal levels where land use changes and 

development are most frequently regulated. 
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Ecosystem Services in Municipal Planning 

Continued land development and fragmentation in the United States has linked 

the loss of natural resources and associated ecosystem services to haphazard 

infrastructure development activity and uncoordinated land conservation efforts 

(Beatley, 2000). Milder, Lassoie, and Bedford (2008) explored the impact of 

development on the environment through suburban, urban, and rural development in 

the United States. According to their findings, this development activity alone 

consumes nearly 2.5 million acres of land per year and is a leading threat to 

biodiversity (Milder et al., 2008). Recent work by Nelson and Lang illustrates that 

these trends are continuing in many parts of the country (2018). Municipal land use 

planning is charged with guiding and regulating most of this development activity. 

Traditionally, this planning process has included the inventory and analysis of natural 

resources, but with the constant pressures of development activity and land use change 

facing municipalities across the United States, these efforts may no longer be enough.  

While the concept of ecosystem services has received a great deal of attention 

in the scientific literature, it has not been embraced or applied as fully at the municipal 

level or by planning and design researchers and practitioners (Hein, van Koppen, de 

Groot, & van Ierland, 2006). Hein et al. (2006) found that stakeholders at different 

spatial scales have very different interests in ecosystem services. One challenge to 

embracing this concept is the fact that some benefits are generated by ecosystems 
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outside of the municipal boundary, and some of the benefits generated within the 

municipality serve other communities or the global population.  

Hansen, Frantzeskaki, McPhearson, et al. (2015) recognized ecosystem 

services as gaining increasing attention as a promising planning concept in developing 

urban environments because of the paradigm’s potential to encourage more 

comprehensive solutions. Hansen et al. (2015) also found that to truly have an impact 

on municipal decision-making, the concept of ecosystem services must be 

promulgated from theory in academic settings to practice in municipal settings. To 

better understand how ecosystem services have been addressed in planning efforts, the 

researchers completed a series of case study comparisons of planning documents 

across Berlin, New York, Salzburg, Seattle and Stockholm (Hansen et al., 2015).  

Hansen et al. (2015) acknowledged a range of applications of the concept of 

ecosystem services across five cities studied. More specifically, this included a range 

of definitions and implementation actions that encompassed up to 21 different 

ecosystem services; cultural services and habitat provisions were the most frequently 

emphasized (Hansen et al., 2015). Even in these progressive cities, the authors found 

in a related study that the concept of ecosystem services could be applied more fully 

through the application of green infrastructure solutions designed to provide multiple 

functions and services (Czechowski, Hauck, & Hausladen, 2015). This finding is an 

indication of the potential to move beyond voluntary efforts by private land owners 

and community leaders, and to better utilize the municipal land use planning and 
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regulatory processes to guide development activity informed by ecosystem services.  

A more recent example, the biophilic cities movement, also utilizes the science 

behind ecosystem services and recognizes the role of land use plans and policies as 

they relate to development of the built environment and green infrastructure. The 

biophilic cities movement is focused on the creation of sustainable and resilient cities 

that foster daily contact with the natural world and deeper human connections with 

nature. These cities recognize the significance of healthy urban living, making nature 

central to their planning and design (Beatley, 2014). Beatley (2010) notes the 

existence of many examples of green infrastructure that reflect a full range of 

ecosystem services: from air purification and stormwater management, to reduced heat 

island effect, habitat creation, food production, and recreation. Beatley (2010) explains 

that these are largely voluntary efforts by property owners, institutions, and 

municipalities. According to Beatley, “much could be accomplished if nature figured 

more clearly and centrally into planning and development regulatory frameworks” 

(2010, p. 246).  

Just as Aldo Leopold and Rachel Carson’s early work served as a wakeup call 

for environmentalists, the work of Jane Jacobs called on municipal planners to 

reconsider the central role of the automobile in urban development (Ross, 2015). 

Some of the policy decisions that Jacobs determined to be problematic in the 1960s 

included abandoning urban centers and designing communities to cater to the 

automobile over walkable, bikable, human-oriented communities (Ross, 2015, p.4). 
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Much of what Jacobs recognized and questioned has taken place. However, as some 

municipalities in the United States have continued to experience low-density suburban 

development and a loss of local resources, others have experienced expansion and 

infill of their urban centers since that time. Both situations have resulted in a landscape 

dominated by the built environment at the expense of the natural environment, which 

affects all of its inhabitants through a loss of ecosystem services. 

While the focus of land use change in the United States has continued to be 

primarily on the expansion of the built environment, many natural resources and their 

associated ecosystem services have been lost to development. Many of these 

development decisions are based on the need for transportation infrastructure, and the 

impact from transportation infrastructure globally has resulted in the fragmentation of 

ecosystems and the loss of ecosystem services in many municipalities (van der Ree, J 

Smith, & Grilo, 2015). This lack of consideration of natural systems during the design 

and development processes has historically resulted in a framing of natural resources 

as constraints to development. This view presents a barrier that must be overcome in 

order to protect and restore natural resource systems in municipalities as the basis for 

green infrastructure. 

It is important to recognize that not all planning and design efforts produce 

destructive development practices, and that some account for the services that existing 

natural systems at the site, municipal, and regional scales provide even if they were 

not using the term ‘ecosystem services’. Ian McHarg’s work in Design with Nature 
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(1992) introduced an ecologically-informed design process that inspired professional 

landscape architects and planners to consider the interplay of natural systems as the 

basis for planning. McHarg used a cartographic mapping process to consider the 

complexity of natural resources within a municipality or region, and he then used the 

findings to guide future development to the areas that were most appropriate for 

development. This approach became the basis for modern computer mapping systems 

and enabled local decision makers to better analyze the impacts of land use change 

(Collins, Steiner, & Rushman, 2001).   

This evolution in the design and planning process inspired Randall Arendt and 

others to craft municipal planning practices and regulatory approaches informed by 

existing natural resources and the services they provide (Arendt et al., 1994). Inspired 

by early ecologists and these planning pioneers, other planning and aligned design 

professionals have begun to advocate for more holistic approaches to land use change 

at the municipal scale. However, many communities still view land as a commodity 

and may not have embraced the community perspective shared by Leopold and others.  

Green Infrastructure  

The Origin of Green Infrastructure 

The term ‘green infrastructure’ is used to represent a natural resource-focused 

planning and regulatory strategy that is associated with such examples as Frederick 

Law Olmsted’s work on the design for New York’s Central Park and Boston’s 

Emerald Necklace (Little, 1990 and McMahon, 2000). However, there have been 
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various interpretations of green infrastructure in addition to those found in these 

famous works. Equated with open space preservation and the protection of greenway 

corridors initially, the term now embodies a full spectrum of meanings and has the 

potential to be integrated with or to replace traditional grey infrastructure. According 

to Williamson (2003), green infrastructure is the latest evolution in thought related to 

municipal infrastructure in the United States: “Even though many municipalities 

already possess some key components, communities across the country are just 

beginning to apply green infrastructure principles to tie them together to form an 

integrated network of sustainable green spaces” (Williamson, 2003 p.7). It is 

important to recognize that green infrastructure is also used as a term to categorize 

specific solutions used to implement such a strategy.  

Despite its increasing popularity in planning, conservation, and landscape 

design literature over the past 20 years, green infrastructure remains a broad and 

elusive concept. One reason is the spectrum of techniques that may constitute green 

infrastructure approaches. The term can be used for regional or national ecological 

networks, smaller green space networks within urban areas, or site-specific solutions 

such as rain gardens and green roofs (Kambites & Owen, 2006, Weber & Allen, 2010, 

, US EPA, n.d.). All of these strategies have a place in municipal planning and land 

use regulations, and each interpretation is an opportunity to recognize shared natural 

resources and the ecosystem services they provide. 

Green infrastructure policy and land use planning is also known for its 
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potential to promote multifunctional approaches to land use change, connectivity, and 

collaborative planning, which all lead to more comprehensive approaches to municipal 

planning (Hansen & Pauleit, 2014). Because of its origin in ecology and planning-

related research and practice, green infrastructure represents a synthesis of different 

approaches. Green infrastructure’s ability to be implemented at different scales, from 

site-level to regional or even international, makes it a dynamic practice (Mell, 2009). 

The challenge of initially understanding what green infrastructure initiatives are and 

which techniques are encompassed may become a strength in the long run, because the 

concept can be tailored to the application and scale of implementation to best meet the 

goals of a project. Green infrastructure is both a planning and design philosophy and a 

collection of tools and techniques available for deeper consideration of a broad range 

of ecosystem services. 

Defining Green Infrastructure in the Literature 

 The definitions available for the term green infrastructure vary and seem to be 

related to the mission of the group defining the term or the goal of a particular 

initiative. This research project included the collection and review of green 

infrastructure definitions used by municipalities to better understand how they are 

defining this term. Prior to that, it was important to understand how the organizations 

advocating for green infrastructure defined the term and how that might inform 

implementation strategies at the municipal scale. Nine organizations have been 

identified and their definitions of green infrastructure included to illustrate the variety 
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present among definitions. These are the entities that municipalities most often look to 

for resources and education on the topic of green infrastructure. Some of these 

organizations have crafted their own definition, and others reference definitions from 

researchers in the field. 

 American Planning Association: Green infrastructure has been used to refer to 

everything from green roofs to more ecologically friendly stormwater 

management systems and large networks of natural areas (Wise, 2008; 

Schwartz 2009). 

 American Rivers: Green infrastructure is an approach to water management 

that protects, restores, or mimics the natural water cycle. Green infrastructure 

is effective, economical, and enhances community safety and quality of life. It 

means planting trees and restoring wetlands, rather than building a costly new 

water treatment plant. It means choosing water efficiency instead of building a 

new water supply dam. It means restoring floodplains instead of building taller 

levees (What Is Green Infrastructure | American Rivers, n.d.). 

 American Society of Landscape Architects: Green infrastructure can be 

considered a conceptual framework for understanding the “valuable services 

nature provides the human environment.” At the regional or national levels, 

interconnected networks of park systems and wildlife corridors preserve 

ecological function, manage water, provide wildlife habitat, and create a 

balance between built and natural environments. At the urban level, urban 
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forestry and other means are central to reducing energy usage costs, managing 

stormwater, and creating clean, temperate air. Transportation networks can 

become green, with the addition of artful bioretention systems. Lastly, green 

roofs, walls, and other techniques within or on buildings bring a range of 

benefits, including reduced energy consumption and dramatically decreased 

stormwater runoff. At all scales, green infrastructure provides real ecological, 

economic, and social benefits (Green Infrastructure | asla.org, n.d.) 

 Center for Watershed Protection: The traditional use of the term by the 

conservation planning community refers to the network of natural lands across 

the landscape—forests, wetlands, stream corridors, grasslands—that work 

together as a whole to provide ecological benefits. This broad definition 

includes both landscape-scale natural features and site-scale practices ranging 

from reduction of impervious cover to stormwater best management practices 

(BMPs), such as bioretention and stormwater wetlands, and everything in 

between (Center for Watershed Protection, 2013). 

 Environmental Finance Center, Syracuse University: Green Infrastructure 

refers to ecological systems, both natural and engineered, that act as living 

infrastructure. Green Infrastructure elements are planned and managed 

primarily for stormwater control, but also exhibit social, economic and 

environmental benefits (West Coast Environmental Law, n.d.). 

 European Union: Green Infrastructure can be broadly defined as a strategically 
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planned network of high quality natural and semi-natural areas with other 

environmental features, which is designed and managed to deliver a wide 

range of ecosystem services and protect biodiversity in both rural and urban 

settings (European Union, 2013). 

 Green Infrastructure Center: Green infrastructure is made up of the 

interconnected network of waterways, wetlands, woodlands, wildlife habitats, 

and other natural areas; greenways, parks, and other conservation lands; 

working farms, ranches and forests; and wilderness and other open spaces that 

support native species, maintain natural ecological processes, sustain air and 

water resources and contribute to health and quality of life (McDonald, 

Benedict, and O’Conner, 2005). 

 Rutgers, New Jersey Agricultural Experiment Station: Green infrastructure is 

often defined based on the scale that is being discussed. At its broadest, green 

infrastructure refers to an “interconnected network of green space that 

conserves natural systems and provides assorted benefits to human 

populations.” At the local scale, green infrastructure is an approach to 

managing stormwater by infiltrating it in the ground where it is generated 

using vegetation or porous surfaces, or by capturing it for later reuse 

(McMahon and Benedict, 2006). 

 United States Environmental Protection Agency: Green infrastructure is a cost-

effective, resilient approach to managing wet weather impacts that provides 
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many community benefits. While single-purpose gray stormwater 

infrastructure—conventional piped drainage and water treatment systems—is 

designed to move urban stormwater away from the built environment, green 

infrastructure reduces and treats stormwater at its source while delivering 

environmental, social, and economic benefits (US EPA, 2015). 

It is clear from this sample of definitions that there is a spectrum of meanings assigned 

to the term ‘green infrastructure’. In its simplest form, it is a strategy for managing 

stormwater (US EPA, 2015) or a network of natural resources and open space 

(McDonald, Benedict, and O’Conner, 2005). The more complex definitions embrace a 

range of applications. In 2013, Hye Yeong Kwon, Director of the Center for 

Watershed Protection, pointed out “that green infrastructure should be defined much 

more broadly than as a synonym for improved stormwater management practices” 

(Center for Watershed Protection, 2013). With the differences of opinion between 

these organizations over what constitutes a green infrastructure approach, it is no 

surprise that there is as much variability in definitions at the municipal level.  

 Looking at the literature, there is more consistency among researchers on the 

definition of green infrastructure, but researchers tend to place greater emphasis on its 

application as a connected system of natural resources and open spaces. Many 

definitions do not include the site scale interpretation and water quality emphasis 

promoted by some of the agencies and organizations actively working to promote 

green infrastructure. 
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Table 1: Researchers Definitions of Green Infrastructure  

Source Definition of Green Infrastructure 
McMahon, 2000, p. 1 The network of open space, woodlands, 

wildlife habitat, parks and other natural areas, 
which sustain clean air, water, and natural 
resources and enrich their citizens’ quality of 
life. 

Randolph, 2004, p. 98 An interconnected network of green space that 
conserves natural ecosystem values and 
functions and provides associated benefits to 
human populations.  

Benedict and McMahon 2006, p. 2 Green infrastructure is an interconnected 
system of natural areas and open space that 
conserves ecosystem values, helps sustain 
clean air and water, and provides benefits to 
people and wildlife.  

Ahern, 2007, p. 267 Green infrastructure is an emerging planning 
and design concept that is principally 
structured by a hybrid hydrological/drainage 
network, complementing and linking relict 
green areas with built infrastructure that 
provides ecological functions. 

Wise, 2008, p. 1 Green infrastructure is the interconnected 
network of open spaces and natural areas—
greenways, wetlands, parks, forest preserves, 
and native plant vegetation—that naturally 
manages stormwater, reduces the risk of 
floods, captures pollution, and improves water 
quality. In cities and other urbanized areas, 
that network can be extended by means of rain 
gardens, green roofs, tree planting, permeable 
pavement, and other landscape-based drainage 
features. 
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Benedict et al., 2012, p. 5 An interconnected network of green space that 
conserves natural ecosystem values and 
functions and provides associated benefits to 
human populations. In our view, green 
infrastructure is the ecological framework 
needed for environmental, social and 
economic sustainability—in short it is our 
nation’s natural life sustaining system. 

Roderick, 2016, p. 306 Green infrastructure has evolved as an 
umbrella solution to improve the 
sustainability and resilience of metropolitan 
regions. It is utilized for everything from 
habitat and resource provisioning and 
protection; growth management; and climate 
change mitigation and adaptation at regional 
scales to stormwater and flood management; 
landslide, erosion, and sediment control; 
urban heat island mitigation; brownfield 
remediation; and mobility, recreation, 
education, and public health provision at city, 
community, and site scales. 

 
The limited variation and age of available green infrastructure definitions in 

the literature is a reflection of its emergence as a municipal planning strategy over the 

past two decades. The definition provided by Roderick (2016) demonstrates the 

comprehensive nature of green infrastructure and may represent its future. It is clear 

from this review that there is no universal definition of green infrastructure. With this 

variation in mind, it was decided that understanding how the term is being defined by 

researchers and municipalities is important to furthering the understanding of this 

evolving concept through this study.  
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Integrating Ecosystem Services and Guiding Future Development Using Green 

Infrastructure 

Green infrastructure is recognized as a municipal planning and regulatory 

strategy that has the potential to consider a full range of ecosystem services. Tzoulas et 

al. (2007) found a relationship between urban green infrastructure, ecosystem health, 

and human health and well-being that highlights this potential to guide development 

activity with a comprehensive approach. Focused on European cities, the authors 

studied the relationship between the loss and degradation of urban green space and 

human health and well-being. Most importantly, they discovered that the ecosystem 

services provided by green infrastructure were found to provide healthy environments 

that contribute to positive social and economic benefits, and the humans living in these 

places were found to benefit physically and psychologically (Tzoulas et al., 2007).  

Green infrastructure has also gained popularity in the United States as a 

planning and regulatory concept that has the potential to guide development activity 

toward more sustainable land use practices (Hansen & Pauleit, 2014). Lovell and 

Taylor (2013) propose that there are opportunities to develop green infrastructure 

within the built environment that could contribute to more sustainable social and 

ecological health as well. This approach has the potential to integrate an understanding 

of critical ecosystem services into development projects to address site-specific design 

needs while also addressing broader issues related to climate change adaptation, food 

insecurity, loss of biodiversity, and other needs (Lovell & Taylor, 2013). 

 Ahern (2007) recognized the need for integrated solutions at the municipal 
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level to offset development impacts, suggesting a research agenda related to green 

infrastructure for cities. He highlighted the need to shift from theory to practice at the 

municipal level, and further emphasized the need to overcome legal barriers at the 

municipal level (Ahern, 2007). Ahern’s findings relate directly to the opportunity to 

leverage land use regulatory systems to implement more comprehensive green 

infrastructure initiatives Beatley (2010) has suggested as well, but Ahern also 

highlights the potential dynamic of existing regulations that may present barriers. In an 

analysis of one type of green infrastructure being used in the United States and 

Australia, Roy et al. (2008) found seven impediments to implementation. These 

impediments include:  

 Uncertainties in performance and cost 

 Insufficient engineering standards and guidelines 

 Fragmented responsibilities 

 Lack of institutional capacity 

 Lack of legislative mandate 

 Lack of funding and effective market incentives, and 

 Resistance to change. 

Alongside these impediments, these researchers determined that existing regulations 

are among the challenges (Roy et al., 2008). It is possible in some communities that 

existing land use regulations may present barriers to green infrastructure. 

Statewide and regional green infrastructure plans do exist but are outside the 
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scope of this research project, which is focused on municipal-scale planning and 

implementation (Batty, n.d. and Milwaukee Regional Green Infrastructure Plan, n.d.). 

At the municipal level, there are examples of green infrastructure specific land use 

plans, such as New York City’s, that only address green infrastructure-related topics 

(Green Infrastructure Plan, 2010). There are also municipal plans that address green 

infrastructure in one section of the plan only. This is typically the case in 

comprehensive plans such as that of Beaufort, South Carolina (Civic Master Plan– 

City of Beaufort, South Carolina, 2014). In either case, the municipal plan has the 

ability to serve as the basis of land use regulations. 

 Such green infrastructure municipal planning documents typically include an 

inventory and analysis of existing resources and identify issues that green 

infrastructure should be utilized to address (Chini, Canning, Schreiber, Peschel, & 

Stillwell, 2017). Planning documents typically identify specific implementation 

actions for the topics addressed, and green infrastructure plans should be no different. 

The regulatory implementation actions may relate to natural resource protection 

requirements or the specifics of site design during the development approval process. 

Non-regulatory actions may relate to educational initiatives, efforts to conserve natural 

resources, or capital improvements (Chesapeake Conservancy, 2015).  

Christopher Economides of the Columbia University Water Center completed 

a study in 2014 that assessed the green infrastructure practices of eleven cities in the 

United States. The aim of this work, which took a stormwater focus, was 
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understanding how these green infrastructure initiatives were integrated with 

sustainability plans, incentive programs, and projects (Economides, 2014). 

Economides found that the eleven cities promote green infrastructure to varying 

levels, and that the largest cities rely primarily on more conventional grey 

infrastructure solutions. None of the cities were determined to be completely 

proficient with their green infrastructure strategies. Some of the biggest challenges 

detected in this study include “the overlap of multiple departments and programs can 

cause political noise and bureaucratic challenges, and [efforts that] undermine or 

obstruct progress” (Economides, 2014, p.40).  

 Similarly, in 2017, Chini et al. published the results of their evaluation of green 

infrastructure programs in 27 municipalities across different regions of the United 

States(Chini et al., 2017). While the focus of this work was on large population 

centers, stormwater management, and the engineering perspective on green 

infrastructure plans, it classified three important elements of municipal green 

infrastructure initiatives:  

 The opportunity to include a fluid definition of green infrastructure in 

policy documents, 

 The need for maintenance and evaluation components related to green 

infrastructure plans, and  

 The responsibility to communicate the plan to the community (Chini et al., 

2017). 
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While the focus of these two recent studies is differs from the research design for the 

present study, the methods of content analysis of municipal plans and interviews with 

local decision makers are similar and provide a model proven to be effective in 

previous research which now informs this investigation. 

Advocates of Green Infrastructure  

The United States Environmental Protection Agency (USEPA) is the most 

visible advocate for green infrastructure planning in the United States. The USEPA 

was a founding member of the Partnership for Sustainable Communities, which began 

in 2009 and included the United States Department of Housing and Urban 

Development and the United States Department of Transportation (Green, 2010). The 

USEPA provides educational resources on green infrastructure for municipalities and 

others, and it partners with other organizations through the Green Infrastructure 

Collaborative, which was started in 2014. The collaborative includes other federal 

agencies, nongovernmental organizations, and private-sector entities. The purpose of 

the Collaborative is to provide opportunities that help municipalities to plan and 

implement green infrastructure (US EPA, 2015). Regardless of these initiatives, on the 

surface, the USEPA emphasizes the water quality-related applications of green 

infrastructure. 

Other organizations promoting green infrastructure include American Rivers, 

American Society of Civil Engineers, American Society of Landscape Architects, the 

Conservation Fund, the Green Infrastructure Center, Low Impact Development 
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Center, Tree People, Trust for Public Land, and many others (US EPA, 2015). The 

role of these organizations, and of the many state agencies and higher education 

institutions promoting green infrastructure approaches, is advocacy and education. 

With the exception of the US EPA, there is no evidence that any of these groups have 

any regulatory capacity to require that municipalities incorporate green infrastructure 

planning and regulatory initiatives. It is important to note, however, that the majority 

of these groups also appear to be focused on water quality-related issues as the 

primary application of green infrastructure.  

Sullivan, Busiek, Bourne, & Bell (2010) found that the US EPA supports the 

adoption of green infrastructure strategies to address water quality standards related to 

impaired water bodies. This particular effort to encourage the use of green 

infrastructure through the permitting process is narrowly focused on managing 

stormwater to reduce pollutant loads and manage stormwater volumes (Sullivan et al., 

2010). However, it is possible that the resulting projects could lead to the protection or 

restoration of additional ecosystem services in the process. Independently of the 

evolution of US EPA action to encourage the use of green infrastructure approaches, 

states are creating new requirements through their municipal stormwater (MS4) 

permits. As state agencies and the US EPA work to require new approaches to address 

impaired waters, there is ongoing litigation from environmental non-profits claiming 

that the terms of the MS4 permits are not stringent enough (Brown & Olson, 2016). 

As requirements are created through the MS4 permitting process or other means, they 
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will likely be incorporated into municipal land use regulations, and at that point they 

will have the potential to address a broader array of ecosystem services than just 

stormwater-related issues.  

The US EPA has categorized challenges to the adoption of green infrastructure 

in municipal planning as follows: perception issues, unfamiliarity, conflicting 

regulations, and lack of capacity or resources (US EPA, 2015). The perception issues 

highlighted by the US EPA relate to concerns over higher costs, potential issues within 

the regulatory process, possible conflicts with smart growth initiatives, and concern 

about water rights laws. The unfamiliarity challenge is related to the different 

maintenance requirements and potential costs related to maintenance of green 

infrastructure. The concern over potential conflict with existing regulations is justified 

and can only be addressed through a review of the municipality’s regulations. The lack 

of capacity or resources relates to staff time or funding to update plans and regulatory 

documents, to educate the public and applicants, and to inspect or maintain new 

facilities (US EPA, 2015). While each of these potential barriers is valid, they can also 

be addressed and should not prevent municipalities from considering how to protect 

and restore ecosystem services. This is an opportunity to initiate municipalities’ 

abilities to engage in comprehensive planning and a regulatory process that considers 

the full range of services provided by natural systems. 

Municipal Examples 

The following examples of green infrastructure initiatives underway at the 
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municipal level in the United States coded in the literature and are presented here to 

highlight a variety of approaches used at the municipal level. To begin, in 2010 the 

EPA released a series of green infrastructure case studies; one of the examples 

featured is Lenexa, Kansas, where the municipality focused on natural resource 

protection, establishing greenway corridors, and stormwater-focused planning and 

regulations. These efforts have positioned Lenexa to require more rain gardens, 

bioswales, and other forms of green infrastructure during private development 

projects. Meanwhile, the municipality’s Rain to Recreation Program is a non-

regulatory approach to investing in land protection and restoration efforts that provide 

green infrastructure benefits to the community (Green Infrastructure Case Studies: 

Municipal Policies for Managing Stormwater with Green Infrastructure, 2010).  

Wilsonville, Oregon’s green infrastructure-informed policies aim to balance 

increased development density and natural resource protection. Wilsonville is 

addressing green infrastructure using both voluntary and regulatory measures to meet 

its goals. Wilsonville’s approach includes incorporating green infrastructure 

approaches into municipal capital improvement projects and into the codes and 

ordinances that guide future development activity. The 2010 comprehensive plan was 

the initial driver for these initiatives, but the updated plan does not label these 

initiatives as green infrastructure specifically (City of Wilsonville Comprehensive 

Plan, 2013).  Wilsonville’s project is an indication of the difficulty of locating 

examples of municipal green infrastructure planning. 
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In 2015, Cornell University and the Conservation Advisory Council of the City 

of Newburgh, NY, collaborated to produce a Green Infrastructure Guide. The purpose 

of this guide was to educate local decision makers on the importance of green 

infrastructure and the potential to address related issues during development and 

redevelopment efforts within the city (Green Infrastructure Guide, 2015). The guide 

includes some general education material on the topic of green infrastructure, several 

city-specific initiatives and case studies, and recommendations for changes to the 

City’s existing requirements and procedures to address green infrastructure more 

comprehensively over time (Green Infrastructure Guide, 2015). The two primary 

services explored through this guide relate to stormwater management and air quality. 

These examples represent a variety of green infrastructure approaches being applied at 

the municipal level. However, a more comprehensive inventory of municipal-scale 

green infrastructure plans and regulations was not available, further clarifying the need 

for this work. 

The Future of Green Infrastructure 

As municipalities work to implement green infrastructure strategies to address 

water quality, air quality, or other issues that are most significant to them, researchers 

are identifying additional benefits that may be realized. These include energy 

conservation, increases in property value, increased biodiversity, reduced urban heat 

island effect, improved community health, and other benefits (Wise S. et al., 2010). 

These benefits highlight the opportunity for green infrastructure techniques to address 
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a full spectrum of ecosystem services. While some of the goals for green infrastructure 

may initially be focused on one particular ecosystem service, the particular solution 

could deliver a range of additional benefits. 

In an article for Landscape Ecology, Kopperoinen, Itkonen, and Niemelä 

(2014) categorized green infrastructure as a strategic planning instrument that has the 

potential to help municipalities achieve a more sustainable future. In the article, the 

researchers explain that the main functions of green infrastructure are “to protect 

biodiversity and safeguard and enhance the provision of ecosystem services” 

(Kopperoinen et al., 2014, p.361). Amundsen et al. (2009) also advocate for the use of 

ecosystem services as a new accounting strategy for tracking the impacts of 

development and the benefits of conservation-related efforts. The examples they use to 

illustrate their argument are largely related to planning for resource protection and 

land protection within green infrastructure planning initiatives (Amundsen et al., 

2009). However, it is possible that the potential benefits and costs of these ecosystem 

services can be better addressed in the land use regulations which guide development 

activity.  

Green infrastructure is evolving from its initial identification as a land 

conservation and greenway strategy to a more comprehensive planning tool. With the 

addition of innovative stormwater management techniques that are modelled after 

natural systems and incorporate low-impact development strategies, green 

infrastructure has come to represent a more dynamic and scaleable approach to 
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considering the important contributions of natural systems in municipalities. In the 

United States, the need to invest hundreds of billions of dollars in the coming decades 

to comply with Clean Water Act requirements and meet clean water goals may 

provide an opportunity to apply green infrastructure more broadly, addressing a wider 

range of ecosystem services in the process (Wise S. et al., 2010). 

In an article for Planning Magazine titled “Green Infrastructure Grows Up,” 

Rebecca Leonard states that green infrastructure has “outgrown its original definition 

as a stormwater management tool” (Leonard, 2015, p.1). This description seems to 

ignore the original definition of green infrastructure as a land conservation and 

greenway planning tool (McMahon, 2000, p.1). However, Leonard goes on to identify 

the level of interest in the planning community for green infrastructure, and she notes 

the inclusion of green infrastructure techniques within Leadership in Energy and 

Environmental Design certification criteria and other voluntary certification programs 

used to encourage more sustainable site development. Implementation of green 

infrastructure approaches can happen as voluntary actions by property owners, 

developers, institutions and municipalities (Leonard, 2015).  

Moving beyond voluntary efforts and demonstration projects, Leonard cites the 

opportunity to leverage the local regulatory process to ensure that green infrastructure 

strategies are implemented (Leonard, 2015). The focus of this research effort, 

however, is on municipalities that have chosen to plan for green infrastructure, and the 

aim is to evaluate the regulatory actions they have created. There is no clearinghouse 
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of green infrastructure land use regulations currently in existence, so the focus of 

municipal green infrastructure regulations in the United States is unclear. This 

research project investigates the types of regulatory actions identified in green 

infrastructure plans and land use regulations that have been adopted since the plans 

were completed.  

Challenges to Implementing Green Infrastructure  

There is support in the literature for a more comprehensive approach to green 

infrastructure informed by a deeper understanding of ecosystem services. Interest in 

this approach appears to be embraced by representatives from landscape architecture, 

municipal planning, permaculture, the biophylic cities movement, and others (Ahern, 

Cilliers, & Niemelä, 2014,  Hemenway, 2009, Beatley, 2010). Some literature also 

suggests that the benefits of green infrastructure may extend further than has been 

previously anticipated if implemented more widely. Dunn (2010) found that the 

introduction of green infrastructure in distressed neighborhoods can improve “urban 

water quality, reduce urban air pollution, improve public health, enhance urban 

aesthetics and safety, generate green collar jobs, and facilitate urban food security” 

(2010, p.41). While this claim is encouraging on many levels, Dunn and others also 

suggested in the literature that there are existing regulatory barriers to accomplishing 

all of this and that more must be done in the municipal regulatory environment to 

accomplish these goals (Dunn, 2010). 

Other challenges that must be addressed in order to create a paradigm shift on 
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green infrastructure planning and regulation include education, enabling legislation, 

measurement and evaluation, and shifts in mindset related to maintenance and other 

common concerns used as barriers to implementation. On the education front, more 

may need to be done to reach municipal decision makers to ensure they understand the 

importance of green infrastructure and the potential to address it comprehensively. 

Decision makers represent an especially challenging population to reach, and outreach 

requires a constant effort because the participants change often, they have many other 

issues to address, and policy change at the municipal level can move slowly. Enabling 

legislation is another important consideration, because municipalities cannot address 

topics that they have not been given the power and authority to regulate.  

 Measurement and evaluation are important components of successful 

implementation processes, and this literature review clarified a need for a broader set 

of case study examples that demonstrate the measurable environmental and economic 

benefits of green infrastructure approaches. Over time, this data may become more 

widely available as the concept matures and more examples are available to study and 

report on. Another barrier to implementation is represented by changes in the 

maintenance of natural systems, and it must be understood that green infrastructure 

solutions are not static and will require monitoring and maintenance just as more 

traditional grey infrastructure systems do currently. However, this shift will require 

education and training for those involved and may require the involvement of 

landscape and natural resource professionals not typically involved in such efforts. 
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Conclusion  

This exploration of the literature was focused on ecosystem services and green 

infrastructure related to municipal-scale decision making, and it informs the design of 

the resulting research study. Understanding how municipalities are empowered to 

guide land use changes that result from development activity, and the potential for this 

process to be leveraged more effectively, were essential goals for this exploration. The 

review of existing literature related to green infrastructure and ecosystem services 

clarifies the evolution of these initiatives and highlights the need for more consistent 

concepts and terminology to be developed through additional research. 

The findings from this study will generate greater insight into the green 

infrastructure planning process at the municipal level here in the United States. These 

findings will assist other researchers as well as municipal decision makers in the 

identification of more comprehensive approaches to consider, and it will provide case 

study examples of practices from which to learn. Based on the literature, it is hoped 

that the findings from this study will help promote the utility of considering the 

benefits of green infrastructure that reflect a variety of ecosystem services, appealing 

to a broader set of stakeholders. There is clearly a need to better integrate green 

infrastructure and ecosystems services in municipal land use planning and regulations. 
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Chapter 3 

Research Design and Methodology 

Introduction  

The focus of this research is on the use of green infrastructure at the municipal 

scale. This is an exploratory study and an inquiry of best practices related to green 

infrastructure planning. Green infrastructure encompasses a planning philosophy and 

regulatory approach that is scalable, incorporates a range of ecosystem services, and 

could reduce the negative aspects of land development (Hansen et al., 2015). In the 

absence of a comprehensive approach to land use change, natural resources are more 

likely to be further fragmented, degraded, and eliminated. Understanding how 

municipalities define the term ‘green infrastructure’ in their land use plans, which 

ecosystem services they address, and what specific regulatory actions are identified for 

implementation may help clarify the degree to which such a disconnect exists or is 

being addressed. The following research questions provided the framework for this 

investigation: 

1. How do municipalities define the term ‘green infrastructure’?  

2. Which ecosystem services are addressed in green infrastructure municipal 

plans?  

3. What specific regulatory actions are identified in green infrastructure 

municipal plans? 

4. How have green infrastructure regulations been implemented in these 
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municipalities? 

Based on these research questions, a case study approach was employed for a three-

stage qualitative data collection process utilizing an evaluation of municipal green 

infrastructure plans, interviews with municipal decision makers, and an analysis of 

adopted land use regulations. This approach applies case study methods to better 

understand how municipalities are addressing green infrastructure needs. According to 

Robert Yin, the use of cases studies is appropriate when asking questions related to 

“how and why” and when seeking rich descriptions and deeper insight on a situation 

(Yin, 2011, p.5). Case studies provide a research approach that can be used to generate 

a multi-faceted understanding of complex issues, and the approach often involves the 

use of multiple methods for collecting data to attain a deeper understanding of each 

case and themes across cases (Creswell, 2012). The data collection strategies for this 

research are a combination of inductive content analysis of municipal green 

infrastructure plans and adopted land use regulations and semi-structured interviews 

with a subset of municipal officials. The findings from this research will provide a 

better understanding of current approaches to municipal green infrastructure planning 

in the United States. These findings will then be used to inform municipalities of more 

comprehensive approaches to green infrastructure land use planning and regulation. 

Studies involving the review of municipal plans can be approached a variety of 

ways and may employ different research methods. The use of case studies, including 

the use of content analysis of plans, interviews with municipal decision makers, and 
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analysis of regulations, is common across the planning profession (Economides, 2014; 

; Chini, Canning, Schreiber, Peschel, & Stillwell, 2017). These methods provide a 

mechanism for analyzing the content of municipal plans, and subsequently gaining 

additional meaning on focused topics from conversations with the individuals 

involved. For example, in a study on innovation and climate action planning, Bassett 

& Shandas (2010) evaluated the content of 20 municipal plans and then interviewed 

16 individuals involved with the plans to better understand the impetus behind 

planning for the climate challenge, the processes used for creating climate plans, and 

their resulting actions. In an earlier study related to climate change planning, Wheeler 

(2008) analyzed municipal planning documents to better understand how they address 

the topic and then interviewed state and local officials by telephone to ask additional 

questions. Similarly, Berke et al. (2014), focused on the topic of disaster recovery 

planning, included content analysis of a set of municipal plans, and then interviews 

with state-level planning staff.  

Regardless of the topic being explored, this combination of methods—utilizing 

an initial content analysis of plans followed by interviews with municipal decision 

makers—is an effective combination for understanding outcomes in the public sector 

and then disseminating the information. Some researchers in the planning field are 

using content analysis as a tool for their research but are not pairing it with interviews 

(Retzlaff, 2008; Jones, Evenson, Rodriguez, & Aytur, 2010; Jun & Conroy, 2013). 

Based on the goals of this study, the complexity of the topic, and the need for 
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additional information that may have transpired outside of the planning document, a 

combination of content analysis and interviews reflects best practices for producing 

reliable and valid conclusions from the research. It is also important to note that the 

study of green infrastructure at the municipal scale is a study of human ecology, and 

experts on qualitative research methods assert that case studies have long been used to 

explore the relationship between humans and their physical environment (Berg, 2001, 

p.235). 

Stage One: Content Analysis of Plans 

According to Bowen (2009), content analysis is a qualitative research method 

in which the documents studied are interpreted to give voice and meaning to the topic. 

Content analysis was selected for this study because it is also considered an efficient 

and effective way of gathering data due to the practical and manageable nature of 

documents as resources. Documents are also considered to be stable data sources that 

can be read and reviewed multiple times, and will remain unchanged by the 

researcher’s influence or research process (Bowen, 2009). Lastly, documents such as 

municipal plans are easy-to-obtain public documents. Some of the downsides related 

to the content analysis approach include the time necessary to locate a population of 

potential plans and the time associated with the analysis of each plan.  

This study began with the identification of 108 digital copies of municipal 

plans from across the United States. The plans were located through internet searches 

using a variety of search terms in various combinations to identify the greatest number 
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of municipal green infrastructure plans for analysis. The terms used include: green 

infrastructure, plan, master plan, comprehensive plan, municipal, and land use plan. 

The resulting plans provided an initial sample of 108 potential municipal land use 

plans that are solely focused on green infrastructure, or that have a dedicated green 

infrastructure section. To ensure a distribution of plans that reflect a variety of 

municipalities from across the United States, the gathered plans were cataloged in an 

Excel database by the four major United States Census regions (Midwest, Northeast, 

South, and West) and then sorted randomly within each census region category to 

generate a stratified sample. A total of 48 municipal plans were selected for this 

sample, which included twelve plans from each census region. Figure 1 illustrates the 

locations of these municipalities across the United States. 
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Figure 1. Map of Selected Municipalities and Municipalities Interviewed  

 

The selected plans were then evaluated using content analysis to assess how 

municipalities define the term ‘green infrastructure’ and which ecosystem services are 

specifically addressed or implied in the document. This step provided an opportunity 

for the identification of additional ecosystem services that could be incorporated in 

future green infrastructure municipal plans. Each plan was also analyzed to identify 

which specific land use regulations were identified as actions to implement green 

infrastructure policies. The analysis of these aspects of each municipal plan clarified 

how municipalities define ‘green infrastructure,’ to what degree they are taking a 
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comprehensive approach and addressing a range of ecosystem services, which services 

they are addressing, and what land use regulations they are utilizing to implement 

green infrastructure strategies locally. 

The content analysis of the plans was performed using ATLAS.ti 8 software. 

This step required uploading digital versions of each plan as individual files. Prior to 

initiating the content analysis, the creation of an evaluation rubric was considered, but 

ultimately it was decided that inductively coding the plans was a preferred approach. 

This approach allowed for a broader interpretation and the emergence of concepts that 

may not have been identified in the literature. Codes were inductively developed for 

green infrastructure definitions, ecosystem services, and the land use regulations 

mentioned in the plans. Figure 2 features a screenshot of a plan opened in ATLAS.ti 

for coding. In this case, the text is being coded because it references regulatory action.  
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Figure 2. Screenshot of Sustainable DC Plan Coding in ATLAS.ti 

 

The selected plans ranged in date from 2002 to 2017. The lack of plans written 

prior to 2002 confirms the information found in the literature review about green 

infrastructure planning being a relatively recent municipal planning practice 

(Williamson, 2003). In fact, only eight of the 48 plans reviewed were written prior to 

2010. Figure 3 illustrates the distribution of the plans by date. 
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Figure 3. Green Infrastructure Plans Grouped by Adoption Date 

 

Thirty-two of the plans analyzed were green infrastructure-specific plans, eight 

of the plans were comprehensive plans with a green infrastructure component, and 

another eight plans were an assortment of different types of municipal plans which 

included topic-specific plans and area plans. More specifically, these included: 

 Intersections: Downtown 2025 Plan 

 Green City Clean Waters 

 Jersey City Tree Canopy Assessment 

 Urban Green Infrastructure in Mystic River Communities: Subwatershed Plan 

for Broadway, Chelsea, MA 

 Low Impact Development Guidance Manual 

 City of Phoenix Tree and Shade Masterplan 

 An Infiltration Model for Enhanced Stormwater Management 
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 Norfolk Resilient City 

The identification of this sample for the content analysis was intended to gain 

an information-rich distribution of municipal green infrastructure plans from the 

population of potential plans (Patton, 2002). The identified plans are from 

municipalities of various population sizes and geographic regions, and they lack 

consistency in approach. Additional stages of investigation are needed to understand 

what was implemented. The second stage, described below, consisted of interviews 

with representatives of the selected municipalities regarding the adopted plans and 

land use regulations, as well as clarifying where those could be found in order to 

ensure the appropriate documents were located for further analysis in the third stage of 

this research. Prior to the interviews, a search was completed online for land use 

regulations adopted in each of the municipalities. 

Stage Two: Interviews 

Upon completion of the content analysis, the 48 plans were ranked based on 

the number of regulatory actions included, and the top twelve municipalities were 

selected for interviews. This determination was instrumental in identifying which 

municipalities to interview based on the emphasis on the regulatory emphasis of this 

study. One municipal decision maker was interviewed for each of the twelve 

municipalities, and that person was identified by contacting the individual or 

municipal department involved in the preparation of the plan. These interviews 

provided an opportunity to learn more about what motivates municipalities to plan for 
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green infrastructure and facilitated an investigation into how successful these 

municipalities have been at addressing green infrastructure in their land use 

regulations since the adoption of their green infrastructure plan.  

 Semi-structured interviews are considered one of the most commonly used 

qualitative research methods (Clifford, Cope, Gillespie, & French, 2016). Semi-

structured interviews provide an opportunity for in-depth interviewing: the 

respondents answer a series of predetermined open-ended questions, but the 

interviewer may probe beyond the answers to the prepared questions (Berg, 2001). 

This approach has been found to provide an agenda‐driven format that is facilitated by 

the researcher, and other researchers have proposed that this approach to interviewing 

is complementary to the other methods used and the resulting transcripts can then be 

carefully analyzed (Cachia & Millward, 2011). For example, Matthews et al. (2015) 

conducted a series of seven semi-structured interviews with planners, urban designers, 

and policy-makers to learn more about their views on the use of green infrastructure as 

a strategy for urban climate adaptation. Three of these interviews were conducted in 

person, and four were conducted by telephone due to the distance between the 

interviewer and the subject (Matthews, Lo, & Byrne, 2015). This example represents 

the utility of semi-structured interviews with municipal staff for a deeper 

understanding of green infrastructure initiatives. For this study, the interviews were 

conducted via telephone from the researcher’s location in New Hampshire. 

A series of interview questions were drafted and tested prior to conducting the 
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interviews with the selected interviewees to ensure the questions were appropriate and 

effective for this investigation. Other logistical challenges related to this aspect of the 

study included a heavy reliance on technology. As part of a nationwide study, these 

interviews were completed by telephone and needed to be recorded. This step required 

communication with each participant to determine the best method and time for the 

interview. It was also important to ensure that the recording device worked and that an 

alternative recording mechanism was available as a backup. The interview questions 

used are as follows: 

 To get started, can you tell me the story of your role in creating or 

implementing this Green Infrastructure Plan? 

 Can you explain to me the municipality’s motivation for the creation of this 

plan?  

 I am very interested to learn about the various approaches used to create, adopt 

and implement Green Infrastructure plans. Can you describe the level of 

technical assistance provided for the creation of this plan?  

o Who provided this to the municipality, and how did that arrangement 

come about? 

o Was funding attached to the technical assistance? If so, from who? 

o Was a timeline or particular focus attached to any funding or technical 

assistance? 
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 This municipal green infrastructure plan included some specific regulatory 

recommendations for implementation.  

o Can you provide an overview of the implementation process so far and 

identify the regulatory recommendations that have been implemented 

since the plan was adopted? 

 If any of these have been implemented, can you explain when and how that 

process unfolded?  

o Was there a reason/motivation behind this implementation effort? 

o Can you identify a specific champion of this implementation effort? 

 Lastly, can you describe instances when these new regulatory tools have been 

utilized? 

o How effective were they at accomplishing your green infrastructure 

related goals? 

Once the interview was scheduled, the interviewee was provided with an informed 

consent form and asked to review and sign the document if they were willing to 

participate. These semi-structured interviews were then conducted over a five-week 

period and recorded for transcription. After completing each interview, they were 

transcribed and reviewed for accuracy. The resulting transcription of the interviews 

was then inductively coded using ATLAS.ti software to categorize emerging themes 

related to green infrastructure planning and implementation of land use regulations.  

 An initial set of twelve municipalities was identified for interviews, but three 
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of the municipalities selected did not result in an interview due to a lack of response 

from the municipal department or staff person contacted. The municipalities selected 

and not interviewed were Grand Rapids, Dallas, and Los Angeles. These three 

interviews were then replaced with the next three municipalities on the list, which 

were Austin, Chelsea, and Flint. Table 2 includes the municipalities selected for 

interviews based on the number of land use regulations recommended in their green 

infrastructure plans. Figure 1 illustrates the geographic location of the twelve 

municipalities interviewed. 

Table 2. Municipalities Selected for Interviews Based on Reference to 

Regulations 

Municipality Regulations 
Ecosystem 
Services 

 

Lakewood 31 13  

Eugene 21 7  

Grand Rapids 20 23  

Mound Bayou 18 21  

Seattle 14 22  

Dallas 13 16  

Los Angeles 11 16  

Erwin 9 8  

Philadelphia 8 23  

Lancaster 8 17  

Phoenix 7 19  

District of Columbia 6 22  

Austin 6 21  

Chelsea 6 18  

Flint 6 17  

Mean 12.3 17.5  
 

Eleven of the interviews were conducted with municipal staff members, and 
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one of the interviews (Mound Bayou, Mississippi) was conducted with the person 

from an outside agency who provided the technical assistance to complete the green 

infrastructure plan. The majority of the interviewees worked within a planning or 

public works department in their municipality, and all but one was involved in the 

planning and implementation of the municipal plan. This one exception was a 

municipal staff person who was relatively new to the position and was not aware of 

the plan until contacted for an interview. 

Stage Three: Content Analysis of Regulations 

 The third component of this study includes a content analysis of green 

infrastructure-related land use regulations that were created in the plans and then 

discussed during the interviews. Recommended regulatory actions were among the 

aspects of the plans that were coded during the Stage One content analysis. When the 

municipal decision makers interviewed referred to land use regulations that were 

adopted since the green infrastructure plan was in place, the regulations were located 

and coded using ATLAS.ti software.  

Similar in approach to Stage One of this study, analysis of these regulatory 

documents required uploading digital versions of each regulation into the ATLAS.ti 

software as individual files. The content analysis then identified the type of land use 

regulation, when it was adopted, and which ecosystem services it addressed. These 

findings were inductively coded during the content analysis. The intent of this 

component of the study was to generate an understanding of how these municipalities 
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are leveraging the land use regulations to implement green infrastructure strategies, 

and to what degree ecosystem services are being considered and incorporated. Sixteen 

land use regulations were located and analyzed in this stage of the study; 15 of these 

are specifically zoning ordinances, and the other is a subdivision regulation. 

The content analysis- and interview-based approach was selected based on 

other documented studies which made use of this research method to understand the 

role that land use regulations play in implementation at the municipal level. For 

example, a study completed by Burby et al. (2000) focused on the role that land use 

regulations play in the implementation of hazard mitigation planning. This research 

focused on the review of land use regulations because it recognized that municipalities 

in the United States use their land use regulations to mitigate hazards resulting from 

new development. After reviewing similar examples in the literature, it was 

determined that this additional level of investigation was warranted to further 

understand how municipalities are moving from theory to practice. With this in mind, 

it seemed likely that regardless of the aspirations included in the green infrastructure 

plans, the implemented land use regulations would say more about the municipality’s 

commitment to incorporating green infrastructure strategies in future land use changes.  

This additional analysis also provided an opportunity to understand which ecosystem 

services theses regulations are addressing. 

Conclusion 

 A combination of content analysis of green infrastructure plans and interviews, 
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followed by a review of any resulting land use regulations, enabled triangulation of the 

resulting findings of this study. This approach allowed me to make greater sense out of 

how communities are planning for green infrastructure, to what degree ecosystem 

services are being considered, and how land use regulations are being used to 

implement these planning policies. These three stages of investigation generated a 

deeper understanding of the complex planning and regulatory actions of this sample of 

municipalities. The themes and patterns that emerged will help to inform others 

working to address these issues at the municipal scale. These findings, as presented in 

the next chapter, will also assist in expanding the understanding and evolution of 

green infrastructure planning and implementation. 
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Chapter 4 

Findings 

Introduction 

The three research stages of this study were completed over a four-month 

period from February through May of 2018. The process included content analysis of 

48 municipal green infrastructure plans, interviews with representatives of twelve 

municipalities selected for their identification of regulatory actions, and content 

analysis of 16 land use regulations implemented by the twelve municipalities 

interviewed. The findings have been organized in this chapter using the broad research 

questions that structure this exploratory inquiry: 

1. How do municipalities define the term ‘green infrastructure’?  

2. Which ecosystem services are addressed in green infrastructure municipal 

plans?  

3. What specific regulatory actions are identified in green infrastructure 

municipal plans? 

4. How have green infrastructure regulations been implemented in these 

municipalities? 

How do municipalities define the term ‘green infrastructure’?  

Definitions of green infrastructure in this sample of municipal plans varied 

widely. While some definitions reference only open space and natural areas as the 

defining features of green infrastructure, others specify a service like stormwater 
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management. Most definitions also include other ecosystem services such as clean air 

and recreation. The reference to natural areas relates to the origin of green 

infrastructure as discovered in the literature (McMahon, 2000). The stormwater focus 

of some plans seems to relate to a more recent interpretation driven by compliance 

with United States Environmental Protection Agency (US EPA) regulations. The four 

themes that emerged from the green infrastructure definitions include open space and 

natural areas, stormwater management, shifting from grey to green infrastructure, and 

native species and biodiversity.  

Theme 1: Open Space and Natural Areas  

Twenty of the municipal plans used concepts interpreted as open space and 

natural areas in their primary definition of green infrastructure. In some cases, this was 

specifically defined as protected or conserved land. This theme found among the green 

infrastructure definitions refers to the work of Benedict, McMahon, and Fund, who 

defined green infrastructure as “strategically planned and managed networks of natural 

lands, working landscapes and other open spaces that conserve ecosystem values and 

functions and provide associated benefits to human populations” (Benedict, 

McMahon, & Fund, 2012, p. 2). Some examples of definitions coded as open space 

and natural areas include: 

o “Green infrastructure is the network of open spaces, parks and other natural areas 

that supports native species, maintains ecological processes to sustain clean air and 

water and contributes to health and quality of life. Grand Rapids’ green 
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infrastructure includes environmental assets, green spaces and the links between 

them” (City of Grand Rapids, Michigan, 2012).  

o “Green infrastructure is the interconnected network of large natural areas, wildlife 

habitats, riparian corridors and areas that reflect key elements of our biological 

diversity. This network supports native species, maintains natural ecological 

processes, sustains air and water resources, and contributes to our health and 

quality of life” (Huron River Watershed Council, 2015). 

o  “This interconnected network is called the green infrastructure. It is a network of 

the most valuable natural resources within the community, which, if protected 

from development, should ensure that the services provided by nature to the Town 

and all of its inhabitants (both human and non‐human) will continue indefinitely 

for future generations” (Central New Hampshire Regional Planning Commission, 

2010). 

o “‘Green infrastructure’ is the interconnected network of waterways, wetlands, 

woodlands, wildlife habitats, and other natural areas, greenways, parks, and other 

conservation lands and forests and open spaces that support native species, 

maintain natural ecological processes, sustain air and water resources and 

contribute to health and quality of life (McDonald, Benedict and O’Conner, 2005)” 

(City of Charlottesville, 2007). 

There was no geographic difference in communities that defined green infrastructure 

this way, indicating that there was not a regional approach to defining green 
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infrastructure efforts that correlated with specific areas of the United States. This 

definition theme was also used by both rural and urban communities. The most 

significant finding within this theme is that only half of the plans defined green 

infrastructure as including open space and natural areas. While this theme is only one 

aspect of green infrastructure, according to the literature, it seems to capture an 

important aspect of the motivation behind green infrastructure planning (Roderick, 

2016). This is a component of green infrastructure that can be applied in 

municipalities across a spectrum of land use densities, from rural to urban.  

Theme 2: Stormwater Management 

Fifteen of the municipal plans used concepts interpreted as stormwater 

management as the primary definition of green infrastructure. The definitions that 

were coded for their stormwater management focus often referred to green 

infrastructure’s ability to treat stormwater runoff to improve water quality. Some 

definitions also referenced the ability to infiltrate stormwater, the importance of flood 

storage functions, and specific strategies such as green roofs, tree boxes, rain gardens, 

swales, and permeable pavement as examples of green infrastructure. Many of the 

definitions coded as stormwater also included references to secondary benefits such as 

habitat, cleaner air, recreation, aesthetics, and others. Below are some examples of this 

theme that were detected during the content analysis: 

o “GI is defined as ecologically engineered measures that reduce and treat 

stormwater at its source while also delivering environmental, social, and economic 
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benefits. GI uses vegetation, soils, and other elements to restore some of the 

natural processes required to manage water locally and create healthier urban 

environments. At the city or county scale, GI is a patchwork of natural areas that 

can provide habitat, flood protection, cleaner air, and cleaner water. At the 

neighborhood or site scale, GI is comprised of stormwater management systems 

that mimic nature to soak up, store, and either remove or detain water for slow 

release to a local waterway or back into the sewer system. The numerous benefits 

of GI also include adding green space to the city street environment, improving air 

quality, reducing energy demand, and enhancing wildlife habitat and recreational 

opportunities” (MacDonald, 2016). 

o “Green infrastructure” generally refers to systems and practices that use or mimic 

natural processes to infiltrate, evapotranspirate (the return of water to the 

atmosphere through evaporation by plants), or reuse stormwater or runoff on the 

site where it is generated. Green infrastructure approaches that are currently used 

include green roofs; trees and tree boxes; rain gardens; vegetated swales; pocket 

wetlands; infiltration planters; porous and permeable pavements, vegetated median 

strips; reforestations/revegetation; and protection and enhancement of riparian 

buffers and floodplains” (Sewerage and Water Board of New Orleans, 2014). 

These stormwater-focused definitions of green infrastructure tended to be used in 

municipalities with a more urban development pattern, but this theme is not unique to 

any geographic region of the United States. 
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Theme 3: Shifting from Grey to Green  

Six of the municipal plans examined defined approaches to green infrastructure 

that embodied a shift from common grey infrastructure solutions composed largely of 

pipes and human-made systems and focused most often on stormwater management 

and transportation needs, to new approaches that use of natural processes to achieve 

the same results. These definitions included the use of existing natural areas but 

tended to focus on the implementation of engineered design solutions that mimic 

natural ecosystems. Here are two examples that illustrate this theme: 

o “Just as the city plans for sidewalks, roads, and other public facilities—its gray 

infrastructure—so should it consider how to care for its ‘green infrastructure.’ 

Trees provide many key functions that make the city more livable and vibrant. For 

example, they clean the air, absorb stormwater, reduce summer temperatures, 

provide natural beauty, and facilitate economic benefits, by reducing utility bills 

and fostering better rental and retail environments” (Green Infrastructure Center, 

2015). 

o “Green infrastructure enhances communities by bringing aspects of the natural 

environment into inhabited space. Trees provide shade, act as wind breaks and 

noise barriers, and improve air quality. In many instances, green infrastructure has 

been found to be less costly than or cost-competitive with traditional 

infrastructure” (Genesee/Finger Lakes Regional Planning Council, 2011). 

While only a small number of the plans focused on the shift from common grey 
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infrastructure solutions to green infrastructure approaches in their definitions, this 

interpretation appears to be a core element of many of the green infrastructure plans 

reviewed. The green infrastructure plans coded frequently addressed this shift as one 

of the main motivations for initiating a planning process. In many cases, issues related 

to economics, aesthetics, or other municipal priorities were used to signify the 

importance of this transition. This shift often included acknowledging the opportunity 

to improve the aesthetics of the municipality by replacing existing grey infrastructure 

with green infrastructure. Another common statement on the shift from grey to green 

infrastructure related to incorporating green infrastructure to supplement existing grey 

infrastructure as a way of reducing municipal expenses related to water quality 

improvements. 

 The plans provide a mechanism for evaluating existing conditions and policies 

related to infrastructure in the municipality and identifying implementation actions 

that are necessary to create a shift to green infrastructure approaches.  

Theme 4: Native Species and Biodiversity  

Six of the definitions used concepts interpreted as benefiting native species and 

biodiversity. These definitions were place-based and listed specific natural resources 

and their role in the support of the flora and fauna of the municipality or region. The 

focus of these definitions was on the need for green infrastructure to balance the 

impact of growth and development in the municipality. Some of these definitions also 

strongly recognized green infrastructure as a necessity for specific conservation 
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actions. This meaning included the protection of critical ecosystems that deliver a 

range of ecosystem services or are viewed as essential to an issue such as the 

protection of a specific surface water body, as articulated in the following examples: 

o “The interconnected network of land and water that supports biodiversity and 

provides habitat for diverse communities of native flora and fauna at the regional 

scale. It includes large complexes of remnant woodlands, savannas, prairies, 

wetlands, lakes, stream corridors and related natural communities” (Village of 

Lakewood, Illinois, 2013). 

o  “However, the concept of green infrastructure elevates air, land, and water to an 

equal footing with built infrastructure and transforms open space from ‘nice to 

have’ to ‘must have.’ Protecting and restoring our natural life-support system is a 

necessity, not an amenity. What gives the term green infrastructure its staying 

power is its ability to invoke images of planned networks of green spaces that 

benefit wildlife and people, link urban settings to rural ones and, like other 

infrastructure, forms an integral part of government budgets and programs” (Kona, 

Hawaii, 2007). 

The biodiversity and nature theme that emerged from the definitions during the 

content analysis reflects only some of the plans reviewed. These plans specifically 

mentioned wildlife, native species, and the ability for green infrastructure to support 

biodiversity beyond the benefits that may be realized by humans. Many of the plans 

classified with this definitional theme also addressed this aspect of green infrastructure 
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elsewhere in the document as an aspect of the ecosystem services provided.  

The reason for locating and coding these definitions was to understand how 

green infrastructure was framed in the plans and to what degree it guided the creation 

of the relevant planning document. There was no consistent use of a comprehensive 

definition, and there was not consistency across communities in how they approached 

selecting or creating a definition. In most cases, the definition theme identified the 

initial reason for starting a green infrastructure initiative or was sourced from an 

existing definition that the municipality citied. The next research question explores the 

variety of ecosystem services addressed in the plans, regardless of how they define the 

term ‘green infrastructure’ within the plan. 

Which ecosystem services are addressed in green infrastructure municipal plans?  

Each of the 48 municipal plans was inductively coded using ATLAS.ti 

software to assess the inclusion of ecosystem services in green infrastructure 

municipal plans. This approach to the coding process allowed for the emergence of 

themes related to the ecosystem services that are addressed in the plans. These themes 

were then compared to the frameworks called the South East Queensland (SEQ) 

Ecosystem Services Project and The Economics of Ecosystems and Biodiversity 

(TEEB) (The SEQ Ecosystem Services Framework, n.d., The Economics of 

Ecosystems and Biodiversity, n.d.).The coding process also resulted in the 

identification of themes not confined to the ecosystem services frameworks that 

represent other attributes which contribute to the suite of services provided by green 
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infrastructure initiatives. A total of 26 distinct themes were coded as services or 

benefits provided by green infrastructure initiatives. The resulting themes have been 

included in Table 3 with a short description and two quotations from the plans to serve 

as examples. Where they related to an ecosystem service theme from either 

framework, a category was also labelled, and where they did not these additional 

identified benefits were labelled “other”. 

 
Table 3. Inductively Coded Ecosystem Services and Other Benefits  
 

Ecosystem 
Service 

Category 

Inductively 
Coded 

Themes 
Description Quotes 

Provisioning 
Food 
production 

Referred to 
the role that 
agricultural 
soils, 
community 
gardens, and 
other food-
producing 
areas play as 
green 
infrastructure. 

“Agricultural areas 
also help protect 
the county’s water 
supply and can 
provide 
recreational 
opportunities such 
as bird watching, 
bicycling, scenic 
walks and drives, 
hunting, 
snowmobiling, 
horseback riding, 
and cross-country 
skiing” 
(Lakewood) 

“Urban agriculture 
and community 
gardening, both of 
which involve 
growing food in the 
City, are becoming 
popular ways to 
reuse urban land to 
provide fresh, 
locally-grown 
produce. They 
present a distinct 
opportunity for 
cities to rethink the 
role of food 
production in urban 
areas, while also 
repurposing vacant 
land into 
productive uses” 
(Flint) 
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Ecosystem 
Service 
Category 

Inductively 
Coded 
Themes 

Description 
 

Quotes 
 

Provisioning Forestry 

Referred to 
urban forestry 
resources, 
wooded areas, 
and the role of 
this landscape 
type as 
opposed to 
forest 
products. 

“Protection and 
promotion of 
connectivity and 
continuity of 
wooded areas 
across the 
landscape and 
political 
boundaries, 
establishment or 
creation of 
networks of forest 
communities as 
open space” 
(Mound Bayou) 

“To ensure a steady 
progression 
towards the greater 
goal of making 
Philadelphia one of 
the greenest cities 
in the country as 
well as realizing 
the full ecological 
potential of the 
Fairmount Park 
system, which 
could one day 
serve as the model 
for urban forestry 
and river 
management” 
(Philadelphia) 

Regulating Air quality 

Related to 
efforts to 
restore tree 
canopy or 
other 
vegetation, 
this theme is 
recognized as 
improving air 
quality in 
most cases, 
but also refers 
to efforts to 
reduce 
airborne 
particulate 
matter. 

“Urban tree 
canopy—for 
example along 
streets or within 
off-street 
parking—can 
improve water 
quality while also 
providing shade, 
reducing the urban 
heat island effect, 
and improving air 
quality” (Dallas) 

"Cleaner Air—
Trees and 
vegetation improve 
air quality by 
filtering many air 
borne pollutants 
and can help 
reduce the amount 
of respiratory 
illness” 
(Indianapolis) 
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Ecosystem 
Service 
Category 

Inductively 
Coded 
Themes 

Description 
 

Quotes 
 

Regulating Carbon 

Referred to 
efforts to 
sequester 
carbon or 
reduce the 
carbon 
footprint of 
the 
municipality. 

“Provide trees to 
reduce air 
pollution, 
sequester carbon 
and provide shade” 
(Grand Rapids) 

“Adopt innovative 
programs, 
practices, and 
technologies to 
increase 
environmental 
quality and 
sustainability and 
reduce Austin’s 
carbon footprint 
through the 
conservation of 
natural resources” 
(Austin) 

Regulating 
Climate 
Protection 

Related to 
confronting or 
mitigating the 
impacts of 
climate 
change with 
green 
infrastructure. 

“Green stormwater 
infrastructure 
reduces energy 
use, fuel use, and 
carbon emissions 
in two ways. First, 
the cooling effects 
of trees and plants 
shade and insulate 
buildings from 
wide temperature 
swings, decreasing 
the energy needed 
for heating and 
cooling. Second, 
rain is managed 
where it falls in 
systems of soil and 
plants, reducing 
the energy needed 
for traditional 
systems to store, 
pipe, and treat it” 
(Philadelphia) 

“The Coalition 
seeks to improve 
regional capacity to 
respond 
successfully to the 
impacts of climate 
change through 
green infrastructure 
investments” 
(Baltimore) 
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Ecosystem 
Service 
Category 

Inductively 
Coded 
Themes 

Description 
 

Quotes 
 

Regulating Heat Island 

Related to 
urban areas 
and their 
ability to 
provide a 
habitable 
climate. Was 
classified as 
something 
that could be 
addressed 
using green 
infrastructure 
solutions. 

“Shade from trees 
and 
evapotranspiration 
by plants reduce 
the heat island 
effect” (Los 
Angeles) 

“Trees benefit the 
community by 
providing a cooling 
effect that reduces 
energy costs” 
(Phoenix) 

Regulating Soil 

Referred to 
productive 
soils and the 
ability of this 
natural 
resource to 
aid in the 
treatment of 
stormwater 
and the 
production of 
food. Was 
also coded for 
instances 
referring to 
the protection 
of this 
resource from 
erosion or 
other 
disturbances. 

“Plants and soil in 
lawns and gardens 
are also effective 
in removing 
pollutants from 
stormwater 
through a process 
called bio‐
filtration” 
(Honolulu) 

“The stormwater is 
either taken up by 
the vegetation 
(evapotranspiration
) or filtered 
naturally through 
the native plants 
and soil to recharge 
the ground water 
table or discharge 
into drainage 
canals” (New 
Orleans) 
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Ecosystem 
Service 
Category 

Inductively 
Coded 
Themes 

Description 
 

Quotes 
 

Regulating 
Stormwater 
management 

Most of these 
references 
included a 
need to 
address water 
quality and 
the negative 
aspects of 
stormwater 
management 
issues, and a 
few 
references 
recognized 
stormwater as 
a resource. 

“The City of El 
Cerrito’s Plan will 
guide a shift from 
conventional 
“collect and 
convey” storm 
drain infrastructure 
to more resilient, 
sustainable 
stormwater 
management that 
reduces runoff 
volumes, disperses 
runoff to vegetated 
areas, harvests and 
uses runoff where 
feasible, promotes 
infiltration and 
evapotranspiration, 
and uses natural 
processes to detain 
and treat runoff” 
(El Cerrito) 

“Green stormwater 
infrastructure (GSI) 
is a critical 
component of this 
work. Seattle is 
committed to using 
GSI to manage 
stormwater runoff 
whenever possible 
for two reasons that 
are core to our 
values: (1) GSI 
mimics nature and 
brings ecological 
services back into 
our city (2) GSI 
makes our 
neighborhoods 
greener, safer, 
more livable, and 
more resilient” 
(Seattle) 
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Ecosystem 
Service 
Category 

Inductively 
Coded 
Themes 

Description 
 

Quotes 
 

Regulating 
Water 
resources 

References to 
water 
resources 
most 
frequently 
identified 
water quality-
related issues. 
In some 
instances, 
these 
references 
also 
recognized 
other water-
related issues 
and specific 
natural 
resources or 
design 
solutions. 

“Preserve high 
quality and 
quantity water 
resources within 
the lake for natural 
aquatic ecosystems 
and recreation 
uses” (Crystal 
Lake) 

“The restoration of 
riparian corridors 
along the Grand 
River and its 
tributary streams to 
protect water 
quality, and the 
protection and 
enhancement of the 
city’s urban forest 
canopy” (Grand 
Rapids) 
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Ecosystem 
Service 
Category 

Inductively 
Coded 
Themes 

Description 
 

Quotes 
 

Regulating 
Water 
treatment 
systems 

This theme 
focused on the 
water 
treatment 
attributes of 
green 
infrastructure 
over 
conventional 
water 
treatment 
systems. 

“It is important to 
note that LID 
primarily employs 
natural structural 
best management 
practices (such as 
vegetated swales, 
retention ponds 
and green roofs), 
not mechanical 
best management 
practices (such as 
water treatment 
facilities and 
manufactured 
filtration units)” 
(Los Angeles) 

“The City of El 
Cerrito’s Plan will 
guide a shift from 
conventional 
“collect and 
convey” storm 
drain infrastructure 
to more resilient, 
sustainable 
stormwater 
management that 
reduces runoff 
volumes, disperses 
runoff to vegetated 
areas, harvests and 
uses runoff where 
feasible, promotes 
infiltration and 
evapotranspiration, 
and uses natural 
processes to detain 
and treat runoff” 
(El Cerrito) 

Supporting Habitat 

A direct 
reference to 
the term 
habitat, or in 
other cases it 
was a 
reference to 
natural areas 
or several 
ecosystem 
services that 
suggested 
habitat. 

“Restoring 
streams, 
controlling 
erosion, and 
improving the 
health of 
waterways restores 
ecosystems and 
encourages 
biodiversity. Green 
stormwater 
infrastructure can 
also create new 
wildlife habitats” 
(Harrisburg) 

“Native prairie 
flowers also attract 
native bird, 
butterfly and insect 
species” (Crystal 
Lake) 
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Ecosystem 
Service 
Category 

Inductively 
Coded 
Themes 

Description 
 

Quotes 
 

Supporting 
Native 
species 

Referred to 
the flora and 
fauna of the 
area, and the 
ability to 
preserve or 
enhance 
conditions 
that support 
them. 

“Native vegetation 
also helps to 
minimize erosion 
by stabilizing the 
soil with the deep 
root structure 
common in native 
plants” 
(Indianapolis) 

“Creating 
interconnected 
green spaces that 
allow for the 
movement of 
wildlife and to 
allow for trails 
connecting the 
various parts of 
Town” 
(Dunbarton) 

Cultural Aesthetics 

Efforts to 
beautify an 
area or make 
a portion of 
the 
municipality 
more 
attractive 
through the 
preservation 
or 
introduction 
of green 
infrastructure. 

“…access to safe 
and attractive 
parks and natural 
areas” (Flint)  

 “Trees and plants 
improve urban 
aesthetics and 
community 
livability by 
providing 
recreational and 
wildlife areas and 
can raise property 
values” 
(Indianapolis) 
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Ecosystem 
Service 
Category 

Inductively 
Coded 
Themes 

Description 
 

Quotes 
 

Cultural Community 

Included the 
residents of 
the 
municipality 
and the 
locations and 
methods of 
interaction. 
Social capital, 
a recognition 
of a group of 
individuals 
with shared 
interests, as 
well as the 
character of 
the 
municipality 
often defined 
the limits of 
concern 
related to the 
community 
and green 
infrastructure 
initiatives. 

“Parks with water 
features and 
gardens filled with 
native, or adaptive 
plants that foster 
community” 
(Harrisburg) 

“The master plan 
envisions that 
implementation of 
the green 
infrastructure 
projects will create 
a more appealing 
and pleasant 
community, and 
will foster 
neighborhood 
pride, social 
cohesion, and a 
unified 
neighborhood 
identity” (Mount 
Rainier) 

Cultural Education 

Efforts to 
provide 
education to a 
range of 
stakeholders 
on ecology, 
environmental 
stewardship, 
and other 
elements of 
green 
infrastructure. 

“Develop a green 
infrastructure 
educational 
curriculum to be 
implemented in 
Orleans Parish 
schools” (New 
Orleans) 

“It is very 
important that 
contractors, 
vendors, and 
inspectors be 
properly trained in 
the design 
specification and 
construction 
requirements for all 
LID practices” 
(Willmington) 
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Ecosystem 
Service 
Category 

Inductively 
Coded 
Themes 

Description 
 

Quotes 
 

Cultural Health 

Used to 
identify 
efforts to 
address 
physical 
health. In 
some cases 
referred to the 
health of the 
natural 
environment, 
but some 
references to 
health were 
very general 
in nature. 

“This network 
supports native 
species, maintains 
natural ecological 
processes, sustains 
air and water 
resources, and 
contributes to our 
health and quality 
of life” (Dexter) 

“A properly 
landscaped Central 
Minneapolis will 
produce significant 
environmental and 
health advantages, 
especially in 
filtering storm 
water that flows 
unimpeded down 
vast hard surfaces 
into the Mississippi 
River. A clean, 
healthy, active 
river is vital to 
Downtown’s 
future” 
(Minneapolis) 

Cultural Therapeutic 

References to 
the positive 
impact of 
nature on 
human health 
and wellness. 
The emphasis 
was on mental 
health and 
wellness 
through stress 
reduction due 
to contact 
with nature. 

“The city’s trees 
provide so many 
benefits to the city 
for shade, 
stormwater 
management, 
better air quality, 
reduced utility 
bills, enhanced 
safety, natural 
beauty, vibrant 
residential and 
business districts, 
and mental and 
physical health” 
(Jersey City) 

“Green 
infrastructure can 
indirectly enhance 
both physical 
health (by 
increasing an 
individual’s 
propensity to walk 
and exercise 
outside) and mental 
health (by 
improving the 
visual quality of 
the environment 
and thereby 
reducing stress and 
mental fatigue)” 
(Portland) 
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Ecosystem 
Service 
Category 

Inductively 
Coded 
Themes 

Description 
 

Quotes 
 

Cultural Recreation 

A reference to 
areas that 
could 
accommodate 
active or 
passive 
recreation 
activity while 
also serving a 
role as a 
component of 
the 
municipality’s 
green 
infrastructure, 
but also 
included 
improvements 
to 
transportation 
infrastructure 
to increase 
pedestrian and 
bicycle use. 

“Consider 
integrating certain 
large wetland 
complexes into 
recreational and 
education 
activities” (Erwin) 

“Landscaping and 
the management of 
natural areas are 
essential to the 
continuance of 
high-quality parks 
and recreation 
areas in the 
Township” (Lower 
Merion) 

Cultural 
Sense of 
place 

A somewhat 
intangible 
attribute that 
can be defined 
differently for 
each 
municipality 
based on the 
elements 
contributing 
to its 
character. 

“This ‘sense of 
place’ that 
residents have is a 
product of the 
Town’s unique 
rural character, 
vast open spaces, 
undeveloped 
hillsides and 
waterways; and a 
community, which 
has appropriately 
developed within 
the surrounding 
natural 

“Green stormwater 
infrastructure has 
the ability to 
enhance 
placemaking, 
stimulate economic 
development, and 
lead to the 
development of 
more memorable 
and enjoyable 
public space” 
(Harrisburg) 
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environment” 
(Crystal Lake) 

Ecosystem 
Service 
Category 

Inductively 
Coded 
Themes 

Description 
 

Quotes 
 

Other Equity 

Referred to 
access to 
natural 
resources, 
parks and 
open spaces, 
and the 
benefits of 
green 
infrastructure 
for all 
residents. 

“The services, 
amenities, and 
opportunities that 
are available 
through City 
efforts are 
accessible to all 
residents through 
means that 
preserve dignity 
and that are free of 
discrimination” 
(Ithaca) 

“With Equity as a 
core pillar of the 
initiative, partners 
are keenly 
interested in 
ensuring that 
underserved 
neighborhoods and 
communities have 
renewed 
connections to their 
local environment” 
(Baltimore) 

Other Safety 

A reference to 
improvements 
from green 
infrastructure 
that will 
benefit 
humans, and 
most often 
referred to 
enhancements 
to 
transportation 
infrastructure 
and efforts to 
reduce crime. 

“Green 
infrastructure 
features such as 
pervious bike lanes 
and crosswalks 
help to increase 
awareness of 
places where 
people bike and 
walk. Stormwater 
curb extensions 
and median/refuge 
islands also serve 
to reduce crossing 
distances and 
provide safe places 
for foot and bike 
traffic to wait for a 
safe opportunity to 
cross” (Mount 
Rainier) 

“It matters because 
trees are providing 
the city with many 
benefits for clean 
air, stormwater 
management, 
cooling, natural 
beauty, and 
improved 
walkability and 
safety” (Jersey 
City) 
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Ecosystem 
Service 
Category 

Inductively 
Coded 
Themes 

Description 
 

Quotes 
 

Other Open space 

Referred to 
areas of 
undeveloped 
land that 
could be 
publicly or 
privately held, 
and either 
remain in 
their natural 
state or be 
established as 
parks. 

“On a large-scale, 
green 
infrastructure 
refers to a network 
of parks, open 
spaces, drainage 
ways, and 
floodplains which 
help mitigate the 
impacts caused by 
impervious (hard) 
surfaces” (Denver) 

“Create or enhance 
recreational and 
public use areas, 
open space and 
parks” (San Jose) 

Other Economic 

Benefits 
related to the 
economy such 
as increases in 
property 
value, 
creating jobs, 
attracting new 
business 
activity, and 
reducing the 
cost of 
providing 
infrastructure 
and services. 

“… protect the 
environment while 
simultaneously 
creating new green 
jobs, creating 
demand for green 
technologies, and 
revitalizing local 
neighborhoods” 
(Nashville) 

“Trees contribute 
significantly to the 
air quality of the 
city by removing 
carbon dioxide, 
sulfur dioxide, 
nitrogen dioxide, 
ozone, and other 
particulates, saving 
the city $1.2 
million per year in 
pollution 
mitigation costs” 
(Staunton) 
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Ecosystem 
Service 
Category 

Inductively 
Coded 
Themes 

Description 
 

Quotes 
 

Other Energy 

Relates to the 
energy 
conservation 
benefits 
provided by 
green 
infrastructure 
through 
reduced heat 
island effect, 
reduced 
building 
heating and 
cooling costs, 
support of 
alternative 
transportation 
modes, and 
reduced water 
usage and 
treatment.  

“The city’s trees 
provide so many 
benefits to the city 
for shade, water 
management, air 
quality, reduced 
utility bills, safety, 
natural beauty, 
vibrant residential 
and business 
districts, and 
mental and 
physical health” 
(Jersey City) 

“Increased urban 
vegetation leads to 
cooler summertime 
ambient air 
temperatures 
(reduced heat 
island effect) and 
thereby decreases 
energy use for 
summer cooling” 
(Portland) 
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Ecosystem 
Service 
Category 

Inductively 
Coded 
Themes 

Description 
 

Quotes 
 

Other 
Ecosystem 
services 

The broad 
spectrum of 
ecological 
values and 
functions 
available from 
green 
infrastructure. 

“In addition, 
permeable 
surfaces, trees and 
native landscaping 
in parks and open 
spaces provide 
important 
ecological 
‘services’ and can 
enhance urban 
residents’ 
understanding of, 
and appreciation 
for, natural 
systems and 
environmental 
stewardship” 
(Grand Rapids) 

“Establish policies 
that consider the 
benefits provided 
by natural 
ecosystems, such 
as ecological 
processes or 
functions in 
wetlands and 
riparian areas, that 
have value to 
individuals or 
society” (Austin) 

Other 
Quality of 
life 

Referred to 
the positive 
impact that 
green 
infrastructure 
may have on 
the human 
population in 
the 
municipality, 
and 
sometimes 
was coded for 
individual 
benefits such 
as noise 
reduction and 
increasing 
livability. 

“A real social 
value and positive 
impact on quality 
of life stands as an 
important part of 
the equation that 
cannot be 
understated” 
(Chelsea) 

“Research indicates 
that property values 
increase when 
street trees are 
planted and vacant 
lots are greened, 
providing private 
benefits to 
homeowners, 
increased property 
tax revenue, and 
more livable 
communities” 
(Parma) 
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The ecosystem services presented in Table 3 represent a wide spectrum of 

motivations for engaging in green infrastructure planning and implementation efforts 

at the municipal scale. They represented all four categories of ecosystem services: 

provisioning, regulating, supporting, and cultural services. These ecosystem services 

and the other benefits represent the many potential yields of green infrastructure 

initiatives already recognized in municipal-level planning. This is a significant finding 

related to ecosystem services and green infrastructure, as it indicates that 

municipalities have already started to employ the concept of ecosystem services in 

their planning efforts, even if they do not recognize it themselves. It is also 

encouraging to see that they are not constrained by the existing ecosystem service 

frameworks and are recognizing additional themes related to equity, energy, and other 

topics. 

Figure 4 illustrates the frequency of coded themes for ecosystem services from 

the 48 plans. This information was graphed to show the number of plans that indicated 

these themes as aspects of municipal green infrastructure planning. 
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Figure 4. Frequency of Coded Ecosystem Service and Other Themes (n=48) 
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Figure 5: Ecosystem Services Identified in Each Municipal Plan (n=48) 
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In conclusion, the number of ecosystem services and other benefits indicated in 

each plan suggests the existence of a broader recognition of ecosystem services and 

related motivations than the green infrastructure definitions may have initially 

indicated. However, the supporting and provisioning services are not as represented, 

which should be further investigated to understand why that is the case in these 

municipal initiatives. Analyses also revealed new themes that are considered important 

by the municipalities and are not currently listed in the ecosystem services 

frameworks. These additional benefits represent new topics that should be considered 

as yields and can assist in promoting green infrastructure initiatives. These additional 

themes present an opportunity for improving green infrastructure initiatives that will 

be explored further in Chapter 5. 

What specific regulatory actions are identified in green infrastructure municipal 

plans? 

To answer the third research question, each plan was inductively coded using 

the ATLAS.ti software to classify the type and number of land use regulations 

suggested. This step allowed for the emergence of future regulatory actions and earlier 

regulatory efforts found in the plans. Thirty of the plans recommended regulatory 

actions to pursue in the plan implementation process. Some of the green infrastructure 

plans also referred to existing regulations already in place, at the municipal and federal 

levels primarily, as a reason for planning for green infrastructure. In a few cases, 

existing regulations were recognized as barriers that need to be addressed during 

implementation. Another theme that emerged was the role that incentives play within 
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the regulations, such as increased density or reduced fees. These incentives, available 

to developers for incorporating green infrastructure elements in their projects, included 

both existing incentives that were acknowledged and need amending and new 

incentives suggested as a strategy to pursue. 

Existing Regulations 

 Before exploring the recommended regulations mentioned in the plans, it is 

important to recognize land use regulations that are already in place in these 

municipalities. Some references to earlier regulations demonstrated the municipality’s 

commitment to green infrastructure, some were categorized as regulations that should 

reconsidered in light of the adoption of new regulatory language in order to avoid 

conflicts, and in some cases existing regulations were classified as barriers to green 

infrastructure. Examples of such references can be found in the following quotes from 

the municipal plans: 

o “In 2009, the City adopted the Unified Development Ordinance, which 

introduced requirements for conservation development on properties that meet 

certain environmental triggers. The Ordinance provides alternative standards 

for roadway and subdivision design that utilize green infrastructure principles” 

(City of Crystal Lake, Illinois, 2012). 

o “Maintain the City’s stormwater user fee to provide reliable funding and 

oversight for stormwater infrastructure maintenance and improvements, 

stormwater run-off reduction incentives, soil erosion prevention, water-quality 
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programs, demonstration projects, dredging, floodplain management, and 

enforcement of related ordinances” (City of Ithaca Planning Division, 2015). 

Other references to existing regulations had to do with perceived barriers to green 

infrastructure initiatives resulting from requirements that have already been adopted 

by the municipality. An example from the City of Dallas’ plan asserts: 

o “The City’s current regulatory framework fails to streamline the process of 

promoting green construction and green infrastructure, and in some cases even 

impedes development” (United States Environmental Protection Agency, 

2014). 

A third type of existing regulation found in the plans was a requirement placed on the 

municipality by a regulating agency, most often related to water quality. These 

references tended to focus on how the requirements resulted in the green infrastructure 

plan and influenced the recommended actions. The United States Environmental 

Protection Agency (US EPA) was the most frequently-cited agency, but state and 

county entities were also recognized. A prime example of this type of requirement is 

noted in Philadelphia’s municipal plan, as quoted below: 

o “Through the watershed-based planning process, PWD [Philadelphia Water 

Department] commits to addressing a multitude of overlapping regulatory 

requirements, including EPA’s Combined Sewer Overflow (CSO) Control 

Policy, Phase I and Phase II Stormwater Regulations, PA Act 167 Stormwater 

Management, Total Maximum Daily Load allocations, PA Act 537 Sewage 
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Facilities Planning, the Clean Streams Law, and Safe Drinking Water Act 

based drinking water source protection.” 

The following example from the Mount Rainier municipal plan illustrates the need to 

comply with County standards as a way of meeting federal permit requirements: 

o “For municipalities such as Mount Rainier, the County outlined a plan to 

retrofit 20% of all impervious land with green infrastructure and LID practices 

in order to reduce runoff and treat stormwater on-site. These requirements 

were put in place not only to satisfy the Bay TMDL, but also in anticipation of 

a new Municipal Separate Storm Sewer System (MS4) permit to control 

stormwater discharges within the County and its many municipalities.” 

Plans that highlighted existing regulations and earlier initiatives related to green 

infrastructure help provide an awareness of the importance of considering these 

regulations and requirements while planning for future green infrastructure initiatives. 

This indicates the importance of understanding the impact that regional programs and 

federal programs are having on municipal-level green infrastructure initiatives. The 

role of regulatory requirements placed on the municipality is explored further in the 

findings from the interviews with municipal officials. 

New Regulations Identified 

 Thirty of the green infrastructure plans recognized new land use regulations as 

core elements of the implementation process. Taking a regulatory approach to 

implementing green infrastructure initiatives was not specific to any geographic region 
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in the United States, but it was more common in the larger municipalities with 

professional staff and greater development activity. Figure 6 illustrates the number of 

regulations found in each of the 30 municipal plans. 
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Figure 6. Number of Land Use Regulations Identified (n=48)  

 

After identifying regulatory actions in the plans, they were coded by the type of land 

0 5 10 15 20 25 30 35

Lakewood

Eugene

Grand Rapids

Mound Bayou

Seattle

Dallas

Los Angeles

Erwin

Philadelphia

Lancaster

Phoenix

Flint

Chelsea

Dunbarton

Austin

District of Columbia

Charlottsville

Kona

Nashville

Crystal Lake

Parma

Minneapolis

Northfield

Webster

Lyndon

Jersey City

Harrisburg

New Orleans

Dexter

San Jose

Land Use Regulations

M
u
n
ic
ip
al
it
ie
s



 COMMUNITY RESILIENCE 101 
 

 

use regulation they represent. This resulted in four distinct themes, as represented in 

Figure 7: 

 Zoning 

 Site Plan Regulations 

 Subdivision Regulations 

 Other Municipal Regulations 

 The largest group of regulations were coded as zoning ordinances, followed by site 

plan regulations and subdivision regulations. The theme represented by “Other 

Municipal Regulations” most often related to stormwater regulations and other 

specific requirements enforced by the municipality outside of the core land use 

regulations. 

Figure 7. Number of Recommended Regulations (n=48) 
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specific examples from the municipal plans. The zoning ordinance was recognized 

most frequently as the regulatory tool most appropriate for many of the green 

infrastructure-related requirements, as well as the document that may contain some 

existing barriers that need to be addressed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 COMMUNITY RESILIENCE 103 
 

 

Table 4. Types of Recommended Regulations 

Type of 
Regulation 

Explanation Quotes 

Zoning 
Ordinance 

“An ordinance enacted 
pursuant to state law that 
sets forth regulations and 
standards relating to the 
nature and extent of uses of 
land and structures, which is 
consistent with the 
comprehensive plan” (“A 
Planners Dictionary, 2004, 
p.459). The majority of the 
regulatory actions named in 
the municipal plans 
reviewed included changes 
or additions to the zoning 
ordinance. 

“Green 
infrastructure 
principles can be 
used to shape land 
use and zoning maps 
and provide a 
framework for more 
sustainable zoning, 
subdivision, 
stormwater, and 
landscaping codes as 
well as conservation 
design ordinances” 
(Lakewood) 

“Over time, this change 
will gradually reduce 
stormwater runoff to the 
combined sewer. In 
addition to this revision 
of the storm water 
ordinance, the GI Plan 
recommends that the City 
evaluate other ordinances 
that may impact green 
infrastructure 
implementation, and 
review its current 
Streetscape Design 
Standards to incorporate 
green infrastructure 
options” (Lancaster) 

Site Plan 
Regulations 

“A process for the review 
and approval of a 
development plan prior to 
the issuance of a 
development permit” (A 
Planners Dictionary, 2004, 
p.375). Implementation 
actions coded as site plan 
regulations specifically 
referenced either this 
regulatory tool or the 
creation of standards to 
implement green 
infrastructure solutions at 
the site level.  

“Integrate 
development with 
the natural 
environment through 
green building and 
site planning 
practices such as tree 
preservation and 
reduced impervious 
coverage and 
regulations. Ensure 
new development 
provides necessary 
and adequate 
infrastructure 
improvements” 
(Austin) 

“Requirements and 
incentives for green 
stormwater infrastructure 
to manage runoff at the 
source on private land 
and reduce demands on 
sewer infrastructure” 
(Philadelphia) 
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Type of 
Regulation 

Explanation Quotes 

Subdivision 
Regulations 

“The control of the division 
of a tract of land by 
requiring development 
according to design 
standards and procedures 
adopted by local ordinance” 
(A Planners Dictionary, 
2004, p.401). Regulatory 
actions coded as subdivision 
regulations specifically 
referenced this land use 
regulation or the regulations 
related to residential 
developments. 

“The City should 
increase its efforts to 
provide street trees 
throughout the City. 
This may also 
require changes to 
street and sidewalk 
design standards in 
order to provide an 
adequate green strip 
between the street 
and the sidewalk to 
allow the trees room 
to grow. The 
Planning Board 
should also require 
street trees 
consistent with these 
revised standards, as 
part of new 
subdivisions and site 
plans” (Manchester) 

“Modify zoning and 
subdivision regulations to 
encourage on-site storage 
and filtration of 
stormwater. Aside from 
public buildings and 
public infrastructure, the 
other principal 
mechanism at the city’s 
disposal to manage 
stormwater and runoff is 
to permit and promote 
stormwater best practices 
on private property” 
(New Orleans) 

Other 
Municipal 
Regulations 

Some of the regulations 
referenced in the plans were 
not land use regulations. 
These regulations were 
most often implemented by 
other regulating agencies in 
the community, or they 
required inter-agency 
cooperation. 

“Communities often 
can strengthen 
opportunities for 
rainwater harvesting 
through plumbing 
code and building 
code revisions” 
(Dallas) 

Large-scale green 
infrastructure investment 
is attractive because it 
provides multiple 
benefits and can address 
multiple regulatory 
requirements, including 
overflow reduction and 
water quality, localized 
surface flooding 
reduction, and basement 
sewage backup reduction 
during rain events, and 
can provide asset 
management. 
(Pittsburgh) 

 



 COMMUNITY RESILIENCE 105 
 

 

While there may be opportunities to promote green infrastructure solutions in 

all land use regulations, it appears that the zoning ordinance and site plan regulations 

are seen by this sample of municipalities as the most promising regulatory tools. This 

finding is most likely due to the fact that these two regulatory provisions relate to the 

majority of development activity in municipalities. The other municipal regulations 

referenced in these plans fell outside of the typical land use regulations but included 

requirements on any proposed development. This generally included building codes 

and infrastructure-related requirements regulated by other departments in the 

municipality. 

How have green infrastructure regulations been implemented in these 

municipalities? 

Twelve semi-structured interviews were conducted by telephone with a sub-

sample of the municipalities to investigate how green infrastructure regulations have 

been implemented, and a second content analysis was completed on the land use 

regulations suggested during the interviews using ATLAS.ti. This iterative process 

represents a phased approach designed to best understand the implementation process 

in these municipalities. The findings related to this research question are organized by 

research method. 

Method: Interviews with Municipal Representatives 

The purpose of the semi-structured interviews was to gain a deeper 

understanding of how green infrastructure regulations have been implemented in these 

municipalities by discussing the implementation efforts related to these green 
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infrastructure plans since they were drafted or adopted. While the focus was on the 

regulatory actions that have been pursued, this step also presented an opportunity to 

gain additional information on the motivations for planning for green infrastructure, 

the role that outside technical assistance played, the implementation process so far, 

and any successful projects that have resulted from the regulatory process. The 

findings from the interviews are organized below by interview question. 

1) Can you tell me the story of your role in creating or implementing this Green 

Infrastructure Plan? 

This question relates to the third research question by helping to establish who 

I was speaking with and their familiarity with the plan that was analyzed for their 

municipality. Ten of the interviewees were involved in some aspect of the planning 

process and now play a role in implementation. One of the interviewees (Municipality 

#11) was part of the planning process, but he has not played a significant role in 

implementation efforts because he has now retired from his original position and 

serves a different role in the municipality. Another interviewee from was not involved 

in either the planning or implementation of their community’s green infrastructure 

plan. This individual only became aware of the plan when the request for an interview 

was received. The following quotes represent how the interviewees described their 

roles: 

o “So I was kind of front and center in developing the green infrastructure plan 

and program, and implementing it as an integrated program and in all of the 

Public Works facets.” (Municipality #11) 
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o “I have been with the city for 9 years and have worked on some aspect of the 

plan my entire time here.” (Municipality #7) 

Fortunately, individuals directly involved with these municipal plans were very 

willing to participate in the interview phase of this research project. This cooperation 

contributed greatly to this study, as most of the individuals being interviewed were 

knowledgeable about both the planning and implementation of green infrastructure in 

their municipality. 

2) Can you explain to me the municipality’s motivation for the creation of this 

plan?  

Six of the municipalities interviewed indicated that the motivation for planning 

for green infrastructure was related to water quality regulations and permitting 

requirements enforced by the US EPA. These regulatory requirements are most often 

associated with stormwater management efforts. Compliance is enforced through a 

permitting process, and in most cases requires that the municipality demonstrate 

efforts to address stormwater management in their land use planning and land use 

regulations. Over time, green infrastructure solutions have been embraced as an 

approach to compliance. An example of a municipality motivated by compliance with 

such requirements can be seen here: 

o “We were going to be required to have a pollution reduction plan as part of our 

MS4 area I didn’t want to have to rely solely on grey infrastructure to manage 

our overflows because I thought that was not a very cost-effective, or I should 
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say I thought green infrastructure was more cost-effective, then an entire grey 

infrastructure approach.” (Municipality #6) 

Four of the municipalities cited a comprehensive planning requirement or 

sustainability initiative that served as the initial motivation for green infrastructure 

planning. Here is a related quote from an interview: 

o “By charter the comprehensive plan has to cover 10 elements but they’re pretty 

broad so they included future land use, traffic circulation, wastewater, 

conservation, recreation open space, and others so it was kind of in there. But 

in the city we also have kind of an environmental ethos as a city so it also came 

from that. As well as from staff.” (Municipality #10) 

The remaining two communities, Municipalities #3 and #5, explained that they were 

working to address community character and aesthetic issues through green 

infrastructure planning, as illustrated in the following quote: 

o “This is about balance, and maintaining the community’s distinction and rural 

quality.” (Municipality #8) 

Regardless of the primary motivation for the creation of a green infrastructure plan, or 

the perceived narrowness of the issue, all twelve of the communities interviewed 

addressed a variety of ecosystem services within their green infrastructure plans. This 

finding indicates that even if the motivation for green infrastructure initiatives are 

initially related to a single issue, it can be expanded to address a range of ecosystem 
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services during both planning and implementation to ensure a more comprehensive 

approach. 

3) I am very interested to learn about the various approaches used to create, 

adopt and implement Green Infrastructure plans. Can you describe the level of 

technical assistance provided for the creation of this plan?  

Twenty of the municipal plans from the initial sample of 48 received technical 

assistance to aid in the completion of their planning process (and in some cases the 

drafting of the final plan document). This question was useful in determining how 

significant outside technical assistance was to the creation of these plans. The groups 

providing this assistance include watershed groups, the Green Infrastructure Center, 

university staff and students, regional planning organizations, the United States 

Environmental Protection Agency, and others. The makeup of this group is of interest 

because technical assistance may bring knowledge and professional skills to the 

municipality relevant to completing a green infrastructure plan, but this assistance 

alone does not guarantee an understanding of the importance of green infrastructure or 

buy-in from the municipal officials and residents. A lack of understanding or buy-in 

locally may result in lower levels of implementation. 

Of these 20 municipalities receiving technical assistance, six were included in 

the interviews. These six municipalities indicated that they had received outside 

technical assistance, and the other six municipalities interviewed completed their 

green infrastructure plan using only municipal staff as resources. Of the six that 

received outside assistance, three of the municipalities worked with a regional 
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government agency or non-profit environmental group. Each of these communities 

received funding to support their planning process. The three other municipalities 

reported different approaches to technical assistance. One, Municipality #7, only 

worked with a non-profit for the outreach portion of their planning process. Another, 

Municipality #2, reported that they worked with a private sector consultant in a larger 

project management role throughout the creation of their plan. The last municipality, 

Municipality #12, reported working with federal agencies because of the funding they 

provided to create the plan, which was largely pursued in cooperation with the US 

Department of Housing and Urban Development. In total, four of the communities 

interviewed reported receiving outside funding to support their planning process. 

Below are specific references to technical assistance from the interviews: 

o “The Urban Forest Council completed this Green Infrastructure Plan for the 

community at the request of the Mayor.” (Municipality #3) 

o “We did use the County Conservancy which has a program called Live Green 

which is like their urban focused group within the County Conservancy. 

Contracting with them to handle our public outreach I just felt it was more, or 

would be more, embraced by our community if there was also another agency 

that was doing that public outreach for us rather than the government.” 

(Municipality #7) 

While outside technical assistance does not seem to be a requirement for green 

infrastructure planning in municipalities where there are not sufficient staff or 



 COMMUNITY RESILIENCE 111 
 

 

financial resources, results suggest that it plays an important role. The municipalities 

with staff resources did not appear to be taking advantage of technical assistance, with 

one exception, where it was linked to funding as a condition. 

4) This municipal green infrastructure plan identified some specific 

regulatory recommendations for implementation. Can you provide an overview 

of the implementation process so far, and identify the regulatory 

recommendations that have been implemented since the plan was adopted? 

Questions related to the implementation process since the adoption of the plan 

generated the most discussion during the interviews and determined which land use 

regulations would be reviewed in the final phase of this study. When asked about 

implementation efforts since the adoption of their green infrastructure plan, only 

Municipality #1 reported no implementation efforts, because the plan was never 

officially adopted due to the loss of a municipal staff person who had been the 

champion for the plan’s development. The reported implementation efforts fell into 

four primary categories: land use regulations, outreach and education, capital 

improvements, and existing regulatory challenges. Two of the communities, 

Municipalities #2 and #10, reported complete land use code rewrites since their plan 

was adopted, as well as specific regulatory updates prior to or during the re-write. 

The remaining communities adopted specific types of regulations or revisions to their 

existing land use regulations. In Municipalities #3 and #8, the focus was on the 

municipality’s tree ordinances. In Municipality #2, a riparian buffer requirement was 

also adopted. A stormwater-specific ordinance was adopted in Municipalities #2, 4, 6, 
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and 7 to implement aspects of their green infrastructure plan. A regulation has been 

included in the Appendix to serve as an example of the type of regulatory language 

reviewed. Further, here are two quotes related to these implementation efforts that 

further explain the process experienced in these municipalities: 

o “The planning department has a role as support and coordinator. So for the 

planning department we went through the process to create the plan. We led 

the adoption and coordination of the implementation while supporting the 

other departments as they work on implementing the plan.” (Municipality #12) 

o “Well, there are a lot of things that have been implemented since the plan was 

adopted there are capital programs which are predominantly run by the 

utilities, there is work under a combined sewer overflow consent decree, there 

is also an incentive rebate program, and there is stormwater only work which is 

part of our consent decree which we negotiated with the state department of 

ecology and the US EPA.” (Municipality #4) 

Four of the respondents stated that the implementation included outreach- and 

education-related activities. Interviews with city staff from Municipalities #9 and #10 

indicated that they publish progress reports annually to ascertain the status of 

implementation efforts underway. Municipality #2 held a workshop for planners and 

engineers about the merits of implementing green infrastructure solutions. 

Municipality #4 reported outreach efforts to non-profits and others to engage their 

assistance in the implementation of green infrastructure solutions. In Municipality #8, 
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the majority of the implementation process has been focused on additional studies, the 

creation of fact sheets and the dissemination of critical statistics via infographics. 

According to the interviewees, these efforts have increased support for green 

infrastructure implementation within these municipalities, as articulated by the 

following quote: 

o “We’ve done a lot of increased awareness, a lot of educational programs, a lot 

of infographics and fact sheets, a lot of studies with universities and 

contractors. I’ve got a lot of data we’ve done, canopy maps, we now work with 

a lot of partners such as the electric utility and put programming into place.” 

(Municipality #8) 

Capital projects and municipal investments were also recognized as an important 

aspect of implementation by four of the municipalities (#2, 4, 6, and 7). While this 

element does not directly involve land use regulations, it is an aspect of green 

infrastructure implementation that several participants mentioned as critical to the 

success of regulatory efforts. One of the reasons for its importance is that it 

demonstrates a commitment by the municipality to work on green infrastructure 

solutions. This commitment by the municipalities to implement green infrastructure is 

further emphasized in the following quotes: 

o “Within public works I’m in charge of parks and streets and traffic and 

engineering and water and wastewater and I don’t have to try and convince 

other departments to implement this or figure out how we can do a project 
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within say a park and I am not having to deal with another department to get 

this done. This has allowed the implementation to go much smoother then from 

what I hear other cities going through.” (Municipality #7) 

o “The city is doing their best to put in infrastructure on their own property while 

creating Parks, or on other City owned properties that can accommodate 

Stormwater Management Systems.” (Municipality #6) 

The last theme that emerged from this question about the implementation process 

relates to challenges. The first challenge related to the limits of existing regulations to 

generate green infrastructure solutions. In some cases, the regulatory standard or 

associated fees did not motivate applicants enough to incorporate green infrastructure 

in their development proposals. This theme is reflected in the following quote: 

o “The Water Department’s trying to figure out what else they can do so they 

can get people to the table to put this infrastructure in place. We tried to come 

up with ways to pay property owners to put in the infrastructure that would at 

least carries the city’s storm water coming off of streets, but we’re not able to 

do that with certain regulations.” (Municipality #6) 

Another challenge that three Municipalities #1, 3, and 11 mentioned was a loss of 

focus over the course of implementation processes. This difficulty was most often the 

result of the loss of key individuals who helped with the creation of the green 

infrastructure plan, as articulated in this statement: 
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o “Staff and elected officials change and when that happens the community 

sometimes lose focus on the plan and any implementation efforts.” 

(Municipality #1) 

The last challenge that was identified was the need to work within the stated mission 

of the agency or organization. This was especially frustrating for one interviewee, who 

noted that in some cases the vision or mission of the agency is not as holistic as it 

could be and that that shortcoming limits implementation opportunities. This 

interviewee also stated: 

o “I bristle a little bit at the idea that it’s the people that don’t have the vision 

when it’s the systems that don’t allow a more holistic vision to be realized, and 

what can you do about that?” (Municipality #4) 

This question about how the implementation process unfolded was also helpful in 

identifying the actual land use regulations that have been adopted in these 

municipalities since the plan was completed. The regulations listed in Table 5 were 

implemented since the completion of the municipal green infrastructure plans. 

Table 5. Adopted Land Use Regulations by Municipality  

Land Use Regulation Regulation Municipality 

Tree Protection and Pruning Height Zoning Phoenix, AZ 

Green Area Ratio Zoning Washington DC 
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Green Innovation Zoning Flint, MI 

Green Neighborhood Zoning Flint, MI 

Open Space District Zoning Flint, MI 

Tree Ordinance  Zoning Mound Bayou, MS

Subdivision Land Set Aside Subdivision Erwin, NY 

Stream Corridor Overlay  Zoning Erwin, NY 

Viewshed Overlay Zoning Erwin, NY 

Riparian Buffer  Zoning Eugene, OR 

Stormwater Fee Water Department Lancaster, PA 

Stormwater Overlay  Zoning Philadelphia, PA 

Stormwater Fee Water Department Philadelphia, PA 

Parkland Dedication Ordinance Zoning Austin, TX 

Watershed Protection Ordinance  Zoning Austin, TX 

Stormwater Code  Building Code Seattle, WA 
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Two additional actions that were discovered had to do with closing loopholes 

within existing land use regulations (Municipality #4), as well as the complete re-

writing of the zoning ordinance which is underway in Municipality #10. 

5) If any of these have been implemented, can you explain when and how that 

process unfolded?  

The themes that emerged from the interviews around motivations for 

implementation fell into three categories: regulatory requirements, departmental duty, 

or governance. Four municipalities (#2, 4, 6, and 7) had stormwater-focused water 

quality regulations that provided motivation for their implementation efforts. In most 

cases, the municipality is required to address stormwater-related issues through their 

land use planning process and land use regulations. A green infrastructure plan is one 

way to comply with this permit requirement. 

 Another four municipalities (#5, 8, 9, 10) focused more on their staff or 

departmental roles as the reason they continued to pursue implementation of their 

plans. At the same time, municipalities #4, 5, 8, and 9 also cited direction from elected 

officials as a motivation for implementation of their green infrastructure plan. This 

range of motivations for implementing the green infrastructure plans included in this 

study are reflected in the following statements: 

o “There is actually a requirement in the State through the NPDES permit. In the 

2013 permit there was a new requirement for what we call in the west Phase 1 

cities to review, revise, and make effective the language of all development-
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related codes and standards to make low impact development the go to 

approach for site development.” (Municipality #4) 

o “Once I see all these trees produce a benefit of 7.8 million dollars annually for 

the residents of the city and my budget is only 5 million so the cost-benefit is 

positive … so it makes sense for us to move forward.” (Municipality #8) 

“The responsibility of the elected officials is to establish policy, and the full-

time professional manager is expected to implement these policies.” 

(Municipality #5) 

6) Lastly, can you describe instances when these new regulatory tools have been 

utilized? 

While this question was focused on how regulatory tools have guided green 

infrastructure implementation, many of the interviewees did not have a comment 

related to the role that the discussed regulations have played in a specific example. 

Nine of the communities interviewed shared examples of projects that have been 

implemented since the adoption of their green infrastructure plan, but many of these 

examples were a result of land use regulations. Some of these projects were not the 

result of collaboration with other agencies or organizations, and some were 

implemented by the municipality. For the few projects that did take place as a result of 

a regulatory component, there was concern related to their ongoing operation and 

maintenance into the future. There was also a desire to continue to work on the land 

use regulations so that more sites will incorporate green infrastructure solutions over 

time, as represented by the following statement: 
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o “We are getting a lot of green infrastructure facilities and now we just need to 

make sure that the refinements we are doing now consider what the operation 

and maintenance needs are now and try to make them more effective and 

efficient to operate and maintain so that we are not building a lot of beautiful 

gardens and not able to maintain them. I would say overall yes things are 

working the way we want them to be working.” (Municipality #9) 

o “And I’ll give you another example I’ve even seen the listings, MLS listings, 

of properties that say that they back onto a green alley or green parking lot so 

that’s really nice to see.” (Municipality #7) 

The low number of responses to this question may be an indication that this relatively 

new planning and regulatory framework has not been around long enough to generate 

examples in many municipalities. Many of the regulations were also fairly new and 

may have not factored into the review process yet. It is also possible that projects that 

have been required to comply with such regulations have yet to be constructed. 

Method: Content Analysis of Land Use Regulations 

 The adopted land use regulations named in the interviews were then gathered 

and loaded into ATLAS.ti for content analysis. The focus of this content analysis was 

on distinguishing the type of regulation and the number of ecosystem services 

indicated in the regulatory language. These regulations are listed in Table 5. Of the 16 

regulations reviewed, 15 were classified as Zoning Ordinances and one was classified 

as a Subdivision Regulation. The mean number of ecosystem services represented in 
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each land use regulation was four. At most, seven ecosystem service-related themes 

were included in a given regulation, and this was the case for four of the municipal 

land use regulations. Overall, this figure is much lower than the average of 14 

ecosystem service themes classified in the green infrastructure plans, indicating that a 

much narrower view of potential ecosystem services and other benefits was realized 

during the implementation of land use regulations than was initially developed in the 

planning documents. There were 16 ecosystem service themes and other benefits 

detected across all regulations:  

 Aesthetics 

 Air quality 

 Carbon sequestration 

 Economics 

 Erosion 

 Fire 

 Flood 

 Food 

 Habitat 

 Health (human: mental and physical) 

 Heat island (mitigation) 

 Native plant species 

 Open space 
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 Recreation 

 Safety 

 Stormwater management 

The range of ecosystem service themes and other benefits identified was encouraging 

to see across a small sample, given the emphasis on stormwater management in many 

of the green infrastructure plans. As seen in Figure 4, these themes reflect aspects of 

each of the four ecosystem service categories and other benefits not typically listed as 

ecosystem services. The analysis of these data was intended to increase our 

understanding of how broadly or narrowly municipalities are acknowledging a 

spectrum of benefits in their regulations as a product of their planning processes.  

Conclusion 

The research questions and methods of data collection used in this study 

generated a deeper understanding of current green infrastructure planning and 

regulatory approaches here in the United States. While a variety of definitions were 

coded across the 48 plans, an emergent theme is that numerous ecosystem services are 

mentioned in green infrastructure plans. Regardless of the definition used and number 

of ecosystem services included, most communities are also recommending regulatory 

actions as part of the implementation process. However, the regulations reviewed in 

the final content analysis included fewer ecosystem services and other benefits than 

the green infrastructure plans, tending to be more focused on a particular approach 
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such as stormwater management or street trees for shade than on a broad approach to 

the services and benefits delivered.  

Municipalities in the United States are currently applying the concept of 

ecosystem services to their green infrastructure planning to varying degrees. However, 

they are also recognizing domains such as economics and equity as significant 

motivations for and potential benefits resulting from green infrastructure initiatives. It 

appears that through targeted education and support related to ecosystem services and 

other municipal benefits, this trend could be expanded to encourage more 

comprehensive and intentional approaches in both the planning and regulating phases 

of green infrastructure initiatives at the municipal scale. Such approaches could result 

in greater integration of the green infrastructure and the built infrastructure within 

municipalities over time and an increase in community resilience. 
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Chapter 5 

Discussion of Findings 

Introduction 

To better understand how municipalities may address the converging issues of 

development, land use regulation, loss of natural resources, and aging municipal 

infrastructure, this study examined green infrastructure planning initiatives in 48 

municipalities in the United States. While green infrastructure is only one strategy that 

can be applied to address complex environmental issues, it is a promising approach 

when paired with the conceptual lens of ecosystem services to help clarify the 

functions and value of natural resources. One of the reasons this approach is so 

promising is that a municipality’s natural resources represent their natural capital. 

According to the David Suzuki Foundation, “Natural capital has been defined as the 

planet’s stock of renewable and nonrenewable natural resources (forests, minerals, oil, 

plant and animal species), environmental resources atmosphere, water) and land” 

(Natural Capital Policy Review, 2011). Similar to other forms of capital that are 

capable of providing goods and services, natural capital provide us with a range of 

diverse services that we refer to as ecosystem services. Green infrastructure initiatives 

informed by ecosystem services perspectives have the potential to better guide the 

protection and restoration of this natural capital. 

 This study revealed that a variety of green infrastructure definitions are being 

used to guide the creation of green infrastructure plans and that, regardless of the 
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definition used, the majority of plans reviewed consider a range of ecosystem services. 

However, the recognized regulatory solutions tend to be predominately stormwater-

related and reflect the consideration of fewer ecosystem services, limiting the possible 

benefits a green infrastructure approach can offer. According to the literature, green 

infrastructure has evolved beyond the initial voluntary efforts and demonstration 

projects, and away from its initial identification as purely a land conservation and 

greenway strategy, into a more technical planning tool (Wise S. et al., 2010, Leonard, 

2015). In some cases, the application of green infrastructure has moved too far from 

its origin and fails to adequately consider open space and natural areas. This failure is 

most likely due to the more recent over focus of this application of green infrastructure 

initiatives to address innovative stormwater management techniques. This stormwater 

focused application is often referred to as low-impact development solutions. These 

low-impact development strategies have attracted greater attention and resources to 

green infrastructure from policy, planning and design professionals as they work to 

satisfy water quality regulations. However, the result is that this application has 

narrowed the focus and potential benefits of green infrastructure to water resource-

related issues. While themes such as open space and natural areas need to remain a 

component of green infrastructure application, all green infrastructure solutions should 

reflect a multifaceted, adaptive approach and avoid being solely focused on a single 

benefit.  

These additional benefits may be incorporated through a deeper understanding 
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and application of ecosystem services. Considering a full spectrum of ecosystem 

services while planning for the built environment and its impacts presents an 

opportunity to improve on current green infrastructure planning and regulatory 

practices to improve coupled human and natural systems. For example, even if the 

goals for green infrastructure are initially focused on one particular issue, the solution 

could address that issue while also delivering a broader range of additional benefits to 

the municipality. This kind of success will require education and training for 

municipal decision makers, professional planners, design and policy professionals, and 

other stakeholders, including the general public. This chapter will address this need 

and clarify why the US EPA and the American Planning Association are both well-

positioned to deliver such capacity-building efforts.  

The future of successful green infrastructure applications will be based on an 

understanding of ecosystem services and integration of these services into green 

infrastructure plans and implementation efforts. This integration will enable greater 

coupling of human and natural systems and deliver a range of benefits. Accomplishing 

this goal will require modifications in how municipalities handle land use change. 

Rather than allowing land use change driven by built infrastructure to degrade or 

eliminate ecosystem services over time, municipalities should require developers and 

municipal staff to consider these services and their related natural resources, 

understand their function in the municipality, and then protect and/or restore 

ecosystem services as part of their development proposal. This regulatory approach 
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coupled with an educational initiative will ensure that each development proposal 

makes the municipality more resilient over time. 

Discussion of Findings  

The conclusions to this study are organized by the following research 

questions: 

1. How do municipalities define the term ‘green infrastructure’?  

2. Which ecosystem services are addressed in green infrastructure municipal 

plans?  

3. What specific regulatory actions are identified in green infrastructure 

municipal plans? 

4. How have green infrastructure regulations been implemented in these 

municipalities? 

How do municipalities define the term ‘green infrastructure’?  

Given the emphasis in the literature on stormwater management as the primary 

motivation for green infrastructure strategies, it is surprising that only 30% of the 

definitions in this study focused on the stormwater management benefit of green 

infrastructure (What Is Green Infrastructure | American Rivers, n.d., Center for 

Watershed Protection, 2013). Greater emphasis on stormwater-focused definitions was 

apparent in the organizational definitions presented in Chapter 2. Rebecca Leonard 

suggested that green infrastructure has “outgrown its original definition as a 

stormwater management tool” (2015, p.1). To this I would add that it has also 

outgrown its initial definition in the literature as purely a land conservation and 

greenway planning tool (McMahon, 2000, p.1). 
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Green infrastructure should be defined by municipalities in the most 

comprehensive way possible to incorporate land conservation and the protection of 

natural resources and existing ecosystem services, while also promoting its role in the 

restoration of natural ecological processes within the built environment as part of 

publically-engaged collaborative planning efforts. Doing so enables municipalities to 

work as communities of learners to engage in a deliberative social learning process 

that produces common understandings of green infrastructure to guide plan 

development and implementation in the future. The four most common themes that 

emerged from the green infrastructure definitions reviewed in this study include open 

space and natural areas, stormwater management, shifting from grey to green 

infrastructure, and native species and biodiversity. The most significant finding related 

to the definitional question is that nearly half of the plans defined green infrastructure 

as primarily being focused on the preservation of open space and natural areas. 

However, the green infrastructure plans, land use regulations, and interviews placed 

greater emphasis on water resources as the motivation for green infrastructure 

initiatives. The stormwater-focused definitions of green infrastructure tended to be 

used in municipalities with a more urban development pattern such as St. Louis, 

Dallas, and Eugene, but the focus was not unique to any geographic region of the 

United States.  

The results of this study suggest that urban areas are applying the concept of 

green infrastructure most frequently. These complex landscapes dominated by built 
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infrastructure are pushing the evolution of green infrastructure planning and land use 

regulation in the United States. This trend is likely due to cities’ having dedicated staff 

resources, the density of existing development, extensive impervious surfaces 

shedding stormwater, and the intervention by the US EPA, which requires these 

municipalities to address the water quality issue which is polluting the nation’s water 

resources (Hansen et al., 2015).  

Water purification is an important ecosystem service that green infrastructure 

can deliver. During the coding of municipal plans, it became evident that the 

municipalities in this sample also recognized other important ecosystem services and 

other benefits as motivations for their green infrastructure efforts. Now that green 

infrastructure has evolved to include conservation- and restoration-related initiatives, 

there is an opportunity to create and share a more comprehensive and balanced 

definition. Based on the results of this study, a foundational definition of green 

infrastructure would be as follows: 

Green infrastructure represents a community’s network of natural resources. 

Green infrastructure is also a set of identifiable solutions that use the services 

provided by healthy ecosystems to meet community needs as well as those of 

environmental systems. Green infrastructure planning and regulations employ 

techniques for assessing, protecting, and increasing a community’s natural 

capital. Green infrastructure initiatives use each of these aspects to consider a 

multitude of ecosystem services and other benefits while protecting existing 
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networks of natural resources and promoting efforts to restore natural 

ecological processes within the built environment. 

Creating a shared definition of green infrastructure within a community should be the 

first step of any green infrastructure initiative. This initial step is an opportunity to 

engage a range of stakeholders in understanding and determining what green 

infrastructure is and how it will guide resulting efforts. While the process of 

developing a shared definition can facilitate inclusion, it is also an opportunity to 

consider the context of the location and incorporate place-based elements.  

Which ecosystem services are addressed in green infrastructure municipal plans?  

 Czechowski, Hauck, & Hausladen suggest that the concept of ecosystem 

services could be applied more effectively through the application of green 

infrastructure solutions designed to provide multiple functions and services (2015). 

This research study set out to assess the status of this connection in municipal plans in 

the United States. The two ecosystem service frameworks selected as models from the 

literature were The Economics of Ecosystems and Biodiversity (TEEB) and the South 

East Queensland (SEQ) Framework. While these sources reflected the science of 

ecosystem services, the coding of the municipal green infrastructure plans identified 

other benefits that are also important to decision makers at the municipal level. 

The content analysis of green infrastructure plans revealed that many 

municipalities are mentioning a number of ecosystem services in their plans, 

regardless of how they define or implement green infrastructure initiatives. The 
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measures of central tendency indicate 14 ecosystem service themes identified. These 

ecosystem services and other benefits reflect a broad spectrum of motivations for 

engaging in green infrastructure planning and implementation efforts at the municipal 

scale. However, the majority of green infrastructure plans reviewed do not currently 

recognize ecosystem services as a concept or address them explicitly as ecosystem 

services. This absence is a significant finding related to ecosystem services and green 

infrastructure, as it highlights the potential for green infrastructure initiatives to better 

integrate ecosystem services into their strategies. It should also be noted that 

municipalities may be less concerned about a purely ecosystem service-based 

approach, because there are additional benefits that they would like to pursue, as this 

research revealed through the discovery of new themes such as equity. 

The emergence of new themes that represent benefits highlights an important 

disconnect that was discovered between the literature on ecosystem services and the 

practice of green infrastructure planning at the municipal level. While only some of 

the ecosystem services described in the SEQ and TEEB frameworks were mentioned 

in the municipal plans reviewed, additional themes were also coded in this sample of 

plans, including: quality of life, safety, economics, energy (conservation), equity, 

health (both human and ecosystem), and open space. 

In summary, some of the topics being addressed by municipalities may help to 

expand our thinking about the role of ecosystem services and the potential for 

additional benefits related to green infrastructure initiatives. Incorporating ecosystem 
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services alone may not be a sufficiently comprehensive approach for municipalities, 

but it should be a central component of a holistic approach to green infrastructure 

planning. Promoting the concept of ecosystem services and other identifiable benefits 

in municipal plans and regulatory initiatives will require education, and in some cases, 

technical assistance. One entity that may be well-positioned to pursue the further 

integration of ecosystem services and other benefits in green infrastructure initiatives 

is the Green Infrastructure Collaborative. The Collaborative was formed by the US 

EPA and other agencies and organizations in 2014 to help municipalities implement 

green infrastructure (US EPA, 2015c). The aim of the collaborative is to publicize the 

multiple benefits of green infrastructure, create and share knowledge around emerging 

green infrastructure technologies and policy issues, and facilitate ways to encourage 

the adoption of green infrastructure (US EPA, 2015c). Because the US EPA is 

generating the most interest in green infrastructure planning and regulation through 

stormwater requirements, they seem to be the organization in the best position to 

promote a more holistic approach. 

If municipalities receive additional education or assistance related to this 

broader understanding of green infrastructure, the concept of ecosystem services 

should become central to identifying the range of benefits the municipality is seeking 

from their green infrastructure initiative. These educational efforts should target two 

primary populations. The first would include professional staff composed of planners, 

regulators, and design professionals. Many of these individuals can be reached through 
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professional development initiatives organized by their professional organizations 

such as the American Institute of Architects, American Planners Association, or 

American Society of Landscape Architects. Others can be reached by programming 

and materials provided by the United States Environmental Protection Agency and 

other agencies. It is critical to reach this professional audience, as they are involved in 

guiding and expanding the built infrastructure in the United States and should play a 

central role in planning for and implementing green infrastructure.  

Outreach and education are also needed for engaging and informing local 

decision makers, lay planners, and the public at large. Reaching these populations may 

require the creation of state and regional initiatives and would benefit from the 

addition of technical assistance provided by public and non-profit agencies and 

institutions. It is clear that this population would benefit from being more informed 

and empowered around these topics, but they can’t be expected to become experts on 

the topic of green infrastructure, so ongoing support and technical assistance are 

critical components to consider. These outreach and education efforts will need to be 

structured and delivered differently than those designed for the professional 

populations, and it will require a great deal of ongoing outreach to get the attention 

and participation of these individuals. One strategy for encouraging participation 

would be linking it to the regulatory requirements enforced by the US EPA and state 

and regional agencies. To this end, expanded regulatory requirements should be 

created by the US EPA, and while they may initially relate to water or air quality 
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permitting, they should require consideration of a broader array of ecosystem services 

and other municipal benefits. Coupled with an educational campaign, the combination 

of regulation and education has the potential to enhance the practices and results of 

green infrastructure initiatives.  

Another educational strategy that seems appropriate for this population of 

municipal-level decision makers is a participatory research effort, which would entail 

involving the participants in the initial inventory of natural resources and lost 

ecosystem services through to the crafting of a plan and specific land use regulations. 

This process would require more time and technical assistance, as well as the 

participation of well-positioned agencies or organizations with the funding available to 

deliver this level of assistance. Regardless of the approach used, the eventual 

development of green infrastructure initiatives informed by a deep understanding and 

analysis of ecosystem services, and the identification of additional benefits important 

in the municipality, would ensure a more comprehensive application of green 

infrastructure. In time, green infrastructure projects have the potential to more closely 

model the complexity of the natural ecosystems that deliver numerous interconnected 

benefits.  

What specific regulatory actions are identified in green infrastructure municipal 

plans? 

In the literature, there were references to better leveraging the existing 

municipal planning and regulatory process in a given context, but it was unclear to 

what degree municipalities were specifying regulatory solutions. Condon et. al. ( 



 COMMUNITY RESILIENCE 134 
 

 

(2009) suggested that the greatest impact local governments have is visible in their 

decisions related to the built environment, influence primarily accomplished through 

planning and land use regulation. The authors further explain that local planning 

efforts have the potential to ensure the use of techniques, such as green infrastructure, 

to guarantee that natural systems are available to process stormwater, reduce energy 

use, provide local food, and meet other needs. Beatley (2010) also explains that many 

of the documented green infrastructure projects have been voluntary efforts by 

property owners, institutions, and municipalities, but that there is greater potential 

through the leveraging of planning and development regulatory frameworks. 

Thirty of the green infrastructure plans in this sample suggested regulatory 

actions to pursue in the plan implementation process. These were mostly zoning and 

site plan regulations that guided new development activity. While there was an 

emphasis on stormwater-focused regulations, some additional ecosystem services were 

also included and/or affected in some cases. Looking at the regulations in light of the 

interviews, definitions, and services and benefits recognized, it appears that many of 

the communities expressed a need to address stormwater problems and the political 

will to adopt regulations that have a stormwater focus. In many cases, this emphasis is 

a response to regulatory requirements set by the US EPA. This is an important finding, 

because it illustrates how the municipalities are influenced by regional, state, and 

federal initiatives that institute regulatory standards with which they must comply. 

In other cases, there was a local recognition that standard grey infrastructure is 
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not adequate or cost-effective. Regardless of the motivation, there is an opportunity to 

exceed the stated requirement and deliver a range of additional benefits of ecosystem 

services in the process. A unique opportunity exists within land use regulation to 

ensure that a broader range of services and benefits are woven into multifaceted 

solutions that will result from future development activity. However, if green 

infrastructure plans address a range of ecosystem services and potential benefits but 

the land use regulations appear to take a narrower view at the time of implementation, 

an opportunity has been lost when development activity is pending.  

There was no observable difference in how green infrastructure initiatives were 

implemented across geographic regions of the United States—likely due to the role 

that the US EPA plays across the country. The recognition that regulatory 

requirements placed on the municipality often serve as a motivation for planning for 

green infrastructure should inform future initiatives related to green infrastructure. 

These regulatory requirements are typically federal-level regulations that can be met 

through the implementation of green infrastructure, but additional ecosystem services 

and other benefits could also be delivered in the process. Given this opportunity, the 

USEPA should play a significant role in establishing new regulatory standards for 

municipalities that require an integrated ecosystem services approach. As mentioned 

earlier in this chapter, such an initiative should be closely related to outreach and 

education initiatives. While municipalities are best positioned to understand the status 

of their natural resources and the need to restore lost ecosystem services, they do not 



 COMMUNITY RESILIENCE 136 
 

 

always act unless required to do so.  

At the local level there is also the potential for motivated municipalities to 

develop new regulatory models that integrate the importance of ecosystem services 

and other needs within the municipality. These regulations should clarify the 

relationship between green infrastructure and the services and benefits that can be 

provided and should then challenge the applicant to incorporate as many as possible 

into their development proposal. Incentives for exceeding the standards should be 

considered to promote the generation of as many services and benefits as possible. 

One regulation that could serve as a starting point for this type of adaptation is Green 

Area Ratio. Washington, D.C., is currently using this regulatory tool, which allows the 

developer to design green infrastructure solutions that meet the stated standard.  

How have green infrastructure regulations been implemented in these 

municipalities? 

In the literature, there was an understanding that many of the regulations 

driving municipal action and many of the resulting municipal regulations themselves 

are most often associated with stormwater management efforts (Brown & Olson, 

2016). Beatley (2010) presented a more comprehensive view of the potential for 

municipal regulations to consider nature more definitively and centrally in regulatory 

frameworks but did not offer any specific regulatory tools for accomplishing this goal. 

I believe the results of this study show ways forward that will promote this more 

holistic and central approach if municipalities can be further engaged in this work. 
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Two major regulatory themes emerged from this analysis. The first theme is 

related to the consideration of ecosystem services in the land use regulations, and the 

second theme relates to internal challenges at the municipal level during 

implementation. After interviewing twelve of the municipalities and reviewing the 

regulations they adopted, it became clear that the scope of green infrastructure 

narrowed during implementation. Of the 16 regulations reviewed, nearly all were 

classified as zoning ordinances, but the average number of ecosystem services and 

associated benefits represented in each land use regulation was four.  

While the range of themes considered across such a small sample was initially 

encouraging, given the general emphasis on stormwater management, it did not result 

in the implementation of a large number of ecosystem services. This may be an 

additional indication of the potential for an ecosystem services-informed approach to 

green infrastructure, but it also serves as further evidence that education and technical 

support are necessary to promote a more comprehensive approach to green 

infrastructure that can deliver a multitude of benefits.  

The second theme that emerged from this question related to motivations and 

internal challenges at the municipal level during implementation. During the 

interviews, participants explained the motivations for implementation. These 

motivations fell into three categories: regulatory requirements, departmental duty, or 

governance. Half of the municipalities interviewed indicated that the motivation for 

implementing green infrastructure regulations was related to water quality regulations 
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and permitting requirements enforced by the US EPA. The next-largest group of 

municipalities cited a comprehensive planning requirement or sustainability initiative 

that was a departmental duty and served as the initial motivation for green 

infrastructure planning and implementation. The departmental duty category also 

included routine implementation efforts, and in some cases included an annual 

reporting requirement. Governance had more to do with the political will in the 

municipality and expectations set by the governing body to implement the plan 

through the adoption of new land use regulations. These motivations also reinforce the 

idea that a combination of educational resources and enhanced regulatory 

requirements will be essential to creating a more comprehensive approach to green 

infrastructure that incorporates ecosystem services and other locally important 

benefits.  

A critical challenge associated with implementation that was recognized was a 

loss of inertia and follow through. This was most often the result of a loss of key staff 

or project champions who helped initiate or develop the green infrastructure plan, or a 

loss of political support as leadership in the municipality changes. In some cases, this 

challenge was compounded by the limitation of needing to work within the stated 

mission of the agency or organization. These internal barriers are an indication that 

green infrastructure planning and implementation need to be required if they are going 

to be consistently implemented at the municipal level. However, these requirements 

should be revisited to better leverage the opportunity to promote comprehensive 
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solutions that deliver a wider range of ecosystem services and municipal benefits that 

assist the community in becoming more resilient over time. 

Summary of Key Recommendations 

This study confirmed that there is a strong relationship between green 

infrastructure and ecosystem services, but that there is currently too much variation in 

how this relationship is utilized at the municipal level—a problem that should be 

addressed. It is also apparent that municipalities have a broad understanding of the 

range of potential benefits from green infrastructure that go beyond traditional 

ecosystem services. The shift from common grey infrastructure solutions to green 

infrastructure approaches also appears to be a central motivation of many of the green 

infrastructure plans reviewed. With this in mind, the creation of a new definition of 

green infrastructure has been recommended. This is an opportunity to incorporate the 

concept of ecosystem services more fully, while also acknowledging other municipal 

benefits. This new definition could play a central role in the recommended outreach 

and education efforts, and it should serve as a starting point when beginning or 

revisiting a green infrastructure planning process.  

Promoting the inclusion of ecosystem services and other identifiable benefits 

in future municipal plans and regulatory initiatives will require a variety of 

educational approaches as well as technical assistance and support. Both the US EPA 

and the American Planning Association are well positioned to lead these efforts and 

should be encouraged to partner in this effort and collaborate with agencies and 
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organizations. This educational initiative should also be coordinated with expanded 

regulatory requirements created by the US EPA. The combination of regulation and 

education has the potential to enhance municipal planning and implementation of 

green infrastructure initiatives in new and more comprehensive ways. At the 

municipal level, there is also great potential for creating new regulatory models that 

emphasize the importance of ecosystem services and other potential benefits 

recognized as important to the community.  

Recommendations for Further Research 

Based on the findings of this study, there is clearly potential for future research 

related to: 

 Inclusion of ecosystem services as the basis of green infrastructure 

planning 

 Defining green infrastructure 

 Creating new educational models and resources for a range of stakeholders 

 Understanding how municipal green infrastructure efforts may benefit from 

regional coordination 

 Developing new regulatory models for implementing green infrastructure 

 Developing ways of tracking and measuring implemented green 

infrastructure projects, and 

 Identifying improvements that can be made within the bureaucratic process 

at the municipal level.  
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Continued evaluation of the application of ecosystem services in green infrastructure 

planning is needed to further develop best practices. This process should include 

additional research to inform the development of a framework or approach that 

incorporates a broader array of ecosystem services and other benefits in municipal 

green infrastructure plans. Related, but worthy of its own research process, is a need to 

more comprehensively and effectively define ‘green infrastructure’ with an ecosystem 

services approach incorporated. Both of these efforts also present an opportunity to 

appeal to a range of stakeholders that represent different needs or goals within the 

municipality. Additional research will be required to determine the best way to 

accomplish this goal.  

There are also exciting opportunities for participatory action research related to 

green infrastructure planning that embraces an ecosystem services approach (Beery et 

al., 2016). This type of research would allow those involved to participate in the 

resource inventory and goal-setting tasks so they can understand the value of available 

ecosystem services and where the corresponding natural resources are missing in the 

municipality. Participatory research would enable stakeholders to then assist in the 

plan development process and incorporate their efforts into the implementation of 

municipal initiatives. Such an experience creates an opportunity for a deeper 

understanding of the issues and resources involved, and an opportunity to inform the 

process, which may result in a greater sense of ownership. As municipalities work to 

find new ways to address the impacts of climate change, there should be additional 
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research on how to leverage this need to accomplish other green infrastructure 

objectives as well. In time, this emerging issue may compliment or overshadow the 

stormwater-related use of green infrastructure being seen currently at the municipal 

scale. 

Green infrastructure and ecosystem services are still unknown concepts to 

most people. Efforts to address the role of education and engagement on these topics 

and their potential to positively impact land use change at the municipal level are 

desperately needed. Finding ways to create more awareness, understanding, and 

involvement will require additional research. This task is necessary for planning and 

design professionals, policy makers, municipal officials, and the public. The potential 

exists to inform a greater number of people who will then advocate for or demand this 

approach in their municipalities. As individuals at the municipal level become more 

informed and engaged in green infrastructure planning, it will also be important to 

look at how these efforts may benefit from regional coordination. 

Research is also needed on new regulatory models at the federal and municipal 

levels that will guide the implementation of green infrastructure. These efforts should 

further explore the potential to incorporate ecosystem services and other municipal 

benefits. Existing and future regulatory models would also benefit from an evaluation 

of their effectiveness. Another research need relates to the tracking of plan and project 

implementation at the municipal level. Lastly, research is also needed to clarify ways 

to improve the bureaucratic process to address some of the issues related to lack of 
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departmental overlap and cooperation. Research on this topic may also be able to 

identify and resolve other conflicts and inefficiencies that may exist to ensure that 

management at the municipal level is not the limiting factor when implementing green 

infrastructure initiatives. 

Conclusion 

The research questions and methods used in this study generated a deeper 

understanding of the current state of practice of green infrastructure planning and 

regulatory approaches here in the United States. This study also resulted in a greater 

understanding of the potential to incorporate ecosystem service-based approaches in 

green infrastructure planning and regulatory initiatives. It is an exciting time to be 

involved in green infrastructure planning. As a relatively new planning approach, there 

has been ongoing research, practice, and dialogue driving its evolution, yet more needs 

to be done. Green infrastructure should constitute a more powerful planning and 

implementation tool that is incorporated into the local regulatory process. It was 

encouraging to see the degree to which municipalities are currently integrating a range 

of ecosystem services in their planning documents and recognizing additional benefits 

not listed in the SEQ and TEEB frameworks. It appears that municipalities in the 

United States may be on the brink of embracing a more comprehensive and effective 

definition of green infrastructure that includes ecosystem services as a central theme. 

This evolution could result in more intentional applications of ecosystem services that 
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influence the protection of existing natural resources and the restoration of ecological 

functions in municipalities dominated by built infrastructure. 

Considering the number of municipalities in the United States, there is a great 

deal of work left to be done on this topic. According to the U.S. Census Bureau, there 

are 39,044 local governments, and this research effort was only able to locate 108 

green infrastructure-related plans (“Number of Municipal Governments & Population 

Distribution,” n.d.). The remaining municipalities also have a need to plan for their 

future and to guide development activity responsibly. These municipalities present an 

enormous opportunity for education and motivation, but it will require the 

participation of researchers, planners, municipal officials, and others working closely 

in collaboration to make this paradigm shift possible. This is essentially the 

justification for two-pronged approach proposed herein under the leadership of the US 

EPA that should include education and expanded regulations. Encouraging the 

American Planning Association and other organizations to join this effort will further 

expand the potential for success and will aid in reframing the concept of green 

infrastructure so it can be more broadly, holistically, and effectively implemented in 

municipalities across the United States. 
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Appendix A: Dissertation Interview Protocol 

After a participant has met the selection criteria (familiarity with the municipal green 

infrastructure plan and awareness of implementation efforts), they will be given an 

informed consent form and asked if they are willing to participate in a scheduled 

interview. If they are willing to participate and sign the informed consent form, an 

interview will be scheduled. Once scheduled, the details related to the interview (date, 

time, and communication preference) will be emailed to the participant. The following 

is a script to be used for each interview to ensure consistency. 

Interview Questions: 

Thank you for agreeing to participate in this research project on municipal green 

infrastructure planning and regulatory actions. Before we begin, I would like to 

acknowledge that you have reviewed and returned the informed consent form for this 

interview. 

I would also like to record our session today. Is that alright with you? 

1. Wonderful. To get us started would you please state your name and tell me a little 

about yourself and your work? (i.e. professional planner or public sector staff, private 

sector consultant, researcher/academic, volunteer board member, community activist, 

etc.) 

2. As you know from our earlier communications, my research project is focused on 

municipal examples of green infrastructure plans and the implementation of related 
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land use regulations. The plan I reviewed from your municipality is titled (insert name 

of plan) and it was adopted (insert date of plan).  

Can you tell me what your involvement was in the creation or implementation of this 

plan? 

3. Are you aware of the motivation for the creation of this plan? If so, please explain 

why the municipality decided to plan for green infrastructure. 

4. This municipal plan included some specific recommendations for implementation. 

These included: (insert specific examples from plan). Have any of these 

recommendations been implemented since the plan was adopted? 

5. I am especially interested in the status of the recommendations that called for 

regulatory changes.  

If these have been implemented, can you explain when and how that process 

unfolded?  

Was there a reason for this implementation effort or a specific champion? 

Has the regulation been utilized? If so, how effective was it as ensuring that green 

infrastructure was protected or created? 

 (Other questions may need to be crafted on the spot to respond to the conversation as 

it unfolds.) 

Thank you for taking the time to talk with me and share some additional perspective 

on this initiative. Your participation in this research process is greatly appreciated. I 
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look forward to sharing the findings of this effort with you at some point in the near 

future! 
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Appendix B: Informed Consent Document 

INFORMED CONSENT FORM  
 

CONSENT TO PARTICIPATE VOLUNTARILY IN A RESEARCH 
INVESTIGATION 

 
PLYMOUTH STATE UNIVERSITY 

 

INVESTIGATOR NAME: Steven Whitman, Doctoral Candidate 

STUDY TITLE: An Investigation of Municipal Green Infrastructure Planning and the 

Role of Ecosystem Services 

PURPOSE OF THE STUDY 

The purpose of this research study is to learn more about the motivations to plan for 

green infrastructure at the municipal level, and to learn if regulatory actions have been 

implemented since the adoption of a green infrastructure plan. I am being asked to be a 

participant in the study because I serve as a municipal decision maker or staff person and 

am familiar with the adopted green infrastructure plan in my community. 

 

DESCRIPTION OF THE STUDY 

The primary purpose of this study is to gain a deeper understanding of why 

municipalities are planning for green infrastructure. The secondary reason is to learn 

more about their implementation actions since adopting the plan. The amount of time 

required to participate in the study is approximately 30 to 60 minutes, including 

scheduling and interview time. There will be no cost to participate, and all 

communication will be done by email, phone, and videoconference for those who prefer 

that option. 

 

RISKS AND DISCOMFORTS  

As a participant in this study, you will not encounter any risks or discomforts. 
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BENEFITS  

There may be no direct benefits of participating in this study; however, the knowledge 

received may be of value to the professional planning community and other municipal 

decision makers working to promote the implementation of green infrastructure 

approaches. 

 

ALTERNATIVE PROCEDURES 

If any aspect of this study does not appeal to you as a participant, you have the right to 

not participate at any time, and there is no penalty for such a decision.  

 

CONFIDENTIALITY 

All documents and information pertaining to this research study will be kept confidential 

in accordance with all applicable federal, state, and local laws and regulations. I 

understand that data generated by the study may be reviewed by Plymouth State 

University’s Institutional Review Board, which is the committee responsible for ensuring 

my welfare and rights as a research participant, to assure proper conduct of the study and 

compliance with university regulations. If any presentations or publication result from 

this research, I will not be identified by name. The information collected during my 

participation in this study will be kept on file in a secure location for twelve months. My 

confidentiality will be also protected by the principal investigator. 

 

TERMINATION OF PARTICIPATION  

I may choose to withdraw from this study at any time and for any reason. If I choose to 

drop out of the study, I will contact the investigator, and my research records will be 

destroyed. If the investigator determines that the participant is not familiar with the green 

infrastructure plan in question, they may terminate participation in the study as well.  

 

COMPENSATION 
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I will not receive payment for being in this study. Participation in this study is strictly 

voluntary. There will also be no cost to me for to participate in this study. 

 

INJURY COMPENSATION 

While no injury is anticipated from participating in this phone interview, it is important 

to note the following. Neither Plymouth State University nor any government or other 

agency funding this research project will provide special services, free care, or 

compensation for any injuries resulting from this research. I understand that treatment for 

such injuries will be at my expense and/or paid through my medical plan. 

 

QUESTIONS  

All of my questions have been answered to my satisfaction, and if I have further 

questions about this study, I may contact Steven Whitman, at swwhitman@plymouth.edu 

or 603-381-1798. If I have any questions about the rights of research participants, I may 

call the Chairperson of the Plymouth State University’s Institutional Review Board at 

603-535-3221. 

 

VOLUNTARY PARTICIPATION 

I understand that my participation in this study is entirely voluntary, and that refusal to 

participate will involve no penalty or loss of benefits to me. I am free to withdraw or 

refuse consent, or to discontinue my participation in this study at any time without 

penalty or consequence.  

 

I voluntarily give my consent to participate in this research study. I understand that I will 

be given a copy of this consent form. 

 
 
 
Signatures: 
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________________________ 
Participant’s Name (Print)  
 
________________________    ____________ 
Participant’s Signature     Date 
 
I, the undersigned, certify that to the best of my knowledge, the subject signing this 

consent form has had the study fully and carefully explained by me and have been given 

an opportunity to ask any questions regarding the nature, risks, and benefits of 

participation in this research study.  

 
Steven Whitman 
Investigator’s Name (Print)  

 
____________________________________________ April 11, 2018 
Investigator’s Signature     Date 

 

Plymouth State University’s IRB has approved the solicitation of participants for the 

study until December 10, 2018. 
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Appendix C: Content Analysis Report Example 

Project: Green Infrastructure Plans 

Report created by swhitman on 3/10/2018 

Report for Query: Definition – Stormwater 

 (15) quotations 

6:5 LID is an approach to land development that uses various land planning…… 

(3:498 [3:924]) – D 6: Green Infrastructure Supplemental Document 2016 

LID is an approach to land development that uses various land planning, design 

practices and technologies to simultaneously conserve and protect natural resource 

systems. It is an innovative multi-step stormwater management approach that (1) 

utilizes thoughtful site planning and (2) manages rainfall at its source through the use 

of integrated and distributed micro-scale stormwater practices (green infrastructure). 

13:4 GI is defined as ecologically engineered measures that reduce and t…… 

(14:2001 [14:2337]) – D 13: PWSA_City_Wide_Report_11-10-16_DRAFT 

GI is defined as ecologically engineered measures that reduce and treat stormwater at 

its source while also delivering environmental, social, and economic benefits. 

GI uses vegetation, soils, and other elements to restore some of the natural processes 

required to manage water locally and create healthier urban environments. 

14:35 The use of sustainable and natural design, called green stormwater i…… 

(15:1 [15:344]) – D 14: GCCW_AmendedJune2011_LOWRES-web 
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The use of sustainable and natural design, called green stormwater infrastructure, will 

bring about the renewal and expansion of the urban form. This approach has been 

shown to be the most environmentally beneficial and economically favorable way to 

remediate the effect of more than 200 years of urbanization on the City’s waterways. 

17:6 Green infrastructure encompasses a variety of technologies that replic…… 

(10:1915 [10:2562]) – D 17: cityoflancaster_giplan_fullreport_april2011_final_0 

Green infrastructure encompasses a variety of technologies that replicate and restore 

the natural hydrologic cycle and reduce the volume of stormwater entering the sewer 

system. This, in turn, reduces overflows. Green infrastructure generally includes 

stormwater management methods that: � infiltrate (porous pavements, sidewalks, and 

gutters; linear infiltration systems) � evaporate, transpire and reduce energy 

consumption (vegetated roofs, trees, planter boxes) � infiltrate and transpire (rain 

gardens and bioretention) � capture and reuse rainfall (rain barrels, cisterns, irrigation 

supply systems, and gray water systems) 

22:7 Green infrastructure enhances communities by bringing aspects of the…… 

(5:1718 [5:2053]) – D 22: parma 

Green infrastructure enhances communities by bringing aspects of the natural 

environment into inhabited space. 

Trees provide shade, act as wind breaks and noise barriers, and improve air quality. 

In many instances, green infrastructure has been found to be less costly than or cost-

competitive with traditional infrastructure. 
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25:11 At the scale of a neighborhood or site, green infrastructure refers…… 

(2:1009 [2:1280]) – D 25: dallas-report-508 

At the scale of a neighborhood or site, green infrastructure refers to stormwater 

management systems that mimic nature by soaking up and storing water. These 

neighborhood or site-scale green infrastructure approaches are often referred to as 

low-impact development. 

30:10 “Green Infrastructure” generally refers to systems and practices that…… 

(10:946 [10:1550]) – D 30: GreenInfrastructurePlan 

“Green Infrastructure” generally refers to systems and practices that use or mimic 

natural processes to infiltrate, evapotranspirate (the return of water to the atmosphere 

through evaporation by plants), or reuse stormwater or runoff on the site where it is 

generated. Green infrastructure approaches that are currently used include green roofs; 

trees and tree boxes; rain gardens; vegetated swales; pocket wetlands; infiltration 

planters; porous and permeable pavements, vegetated median strips; 

reforestations/revegetation; and protection and enhancement of riparian buffers and 

floodplains. 

39:8 Green infrastructure is a design element for a property that uses natu…… 

(5:824 [5:1026]) – D 39: Green_Infrastructure_for_Homeowners-FINAL 

Green infrastructure is a design element for a property that uses natural systems or 

uses manmade engineered systems that mimic natural systems which promote 

infiltration and treatment of pollutants. 
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40:7 Green stormwater infrastructure (GSI) is a set of distributed stormw…… 

(8:1316 [8:1664]) – D 40: GSI_Strategy_Nov_2015 

Green stormwater infrastructure (GSI) is a set of distributed stormwater best 

management practices that mimic natural systems. GSI is used across multiple scales 

and site contexts—including residential, commercial, and in the public right-of-way—

and delivers multiple community benefits in addition to stormwater management. 

40:21 Throughout this Strategy, green stormwater infrastructure, or GSI, i…… 

(11:1 [11:662]) – D 40: GSI_Strategy_Nov_2015 

Throughout this strategy, green stormwater infrastructure, or GSI, is defined as: A set 

of distributed stormwater best management practices that use or mimic natural 

processes to slow, infiltrate, evapotranspire, and/or harvest and reuse stormwater 

runoff from impervious surfaces, on or near the site where it is generated. 

GSI is used across multiple scales and site contexts including residential, commercial, 

and in the public right-of-way and includes the tools shown at left. 

For the purposes of this Strategy, the removal of unnecessary impervious surfaces, 

sometimes referred to as “depaving,” is also included as a GSI approach. 

41:11 Green Infrastructure uses the beneficial flood control and water quali…… 

(1:3700 [1:4016]) – D 41: App B – Basin Plan Vol II-VIII 

ES_201411041908475884 (2) 

Green infrastructure uses the beneficial flood control and water quality treatment 

characteristics of the natural landscapes to help meet stormwater management 
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objectives. When linked with the constructed system, the two work together to form a 

coordinated drainage system of streams, ponds, streets, and pipes. 

46:6 The purpose of the G2G Initiative is to expand the City’s green infr…… 

(7:759 [7:1126]) – D 46: Grey to Green Benefits Full Report 

The purpose of the G2G Initiative is to expand the City’s green infrastructure, and it 

includes the following elements, or Best Management Practices (BMPs): constructing 

ecoroofs and green streets, planting trees in urban areas, removing invasive species 

and revegetating, removing culverts, purchasing land in undeveloped areas, and 

planting in natural areas. 

48:5 Green infrastructure refers to the construction and retrofit of storm…… 

(9:336 [9:1083]) – D 48: cc 051617 4b 

Green infrastructure refers to the construction and retrofit of storm drainage to reduce 

runoff volumes, disperse runoff to vegetated areas, harvest and use runoff where 

feasible, promote infiltration and evapotranspiration, and use bioretention and other 

natural systems to detain and treat runoff before it reaches our creeks and bay. 

Green infrastructure facilities include, but are not limited to, pervious pavement, 

infiltration basins, bioretention facilities or “raingardens,” green roofs, and rainwater 

harvesting systems. Green infrastructure can be incorporated into construction on new 

and previously developed parcels, as well as new and rebuilt streets, roads, and other 

infrastructure within the public right-of-way. 
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49:5 Green Infrastructure (figure right) refers to a kind of stormwater m…… 

(11:978 [11:1451]) – D 49: GreenInfrastructureRpt101120_Nashville 

Green infrastructure (figure right) refers to a kind of stormwater management practice 

that provides social, economic, and environmental benefits through environmental site 

design that is intended to mimic the natural hydrologic condition and allow 

stormwater to infiltrate into the ground, be used for other purposes and 

evapotranspirate into the air. GI is an ecosystem-based approach that is used to 

replicate a site’s predevelopment hydrologic function. 
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Appendix D: Land Use Regulation Example 

1.2 Stormwater Regulations 

This Section provides an overview of the Philadelphia Water (PWD) 

Stormwater Regulations (Stormwater Regulations), their objectives, and project-

specific exemptions. After determining the project’s development type, watershed, and 

earth disturbance area using Section 1.1, the applicant will use this information, in 

conjunction with the requirement-specific exemptions detailed in this Section, to 

determine which portions of the Stormwater Regulations apply to the project. 

The Stormwater Regulations have been developed in accordance with the 

Philadelphia Code, §14-704 (3), and they consist of four major Post-Construction 

Stormwater Management (PCSM) Requirements: Water Quality, Channel Protection, 

Flood Control, and Public Health and Safety (PHS) Release Rate. In addition, all earth 

disturbance activity must comply with the Erosion and Sediment Control (E&S) 

requirements of the Pennsylvania Department of Environmental Protection (PA DEP), 

as specified in 25 Pa. Code §102.4. The details of the Stormwater Regulations can be 

found within Chapter 6, Stormwater of PWD Regulations, which are available at the 

City of Philadelphia website. 

 1.2.1 Post-Construction Stormwater Management Requirements 
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PCSM Requirements regulate how stormwater runoff leaves a project site in the built 

or post-development condition. PCSM Requirements have four components: Water 

Quality, Channel Protection, Flood Control, and PHS Release Rate requirements. All 

projects in the City of Philadelphia that generate earth disturbance of 15,000 square 

feet or more, or 5,000 square feet in the Darby and Cobbs Creeks Watershed, are 

subject to the PCSM Requirements and will follow the Development Compliance 

Review Path. The applicant is referred to Section 2.1.2 for an explanation of, and 

further guidance regarding, Review Paths. 

Water Quality 

Background 

The objectives of the Water Quality requirement are as follows: 

1. Reduce pollution in runoff; 

2. Recharge the groundwater table and increase stream base flows; 

3. Restore more natural site hydrology; and 

4. Reduce combined sewer overflows (CSOs) from the City’s combined sewer 

systems. 

The Water Quality requirement focuses on the removal of pollutants from stormwater 

runoff and is similar to requirements in surrounding states and other major cities 

across the country. Water quality benefits are provided, in part, by slowing water 

down and allowing suspended solids to settle. Because some nutrients, metals, 

organics, and other contaminants are bound to these sediment particles, this basic 

treatment mechanism can have multiple benefits. Generally, the physical, chemical, 
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and biological processes that take place in a system that incorporates soil, water, and 

plants provide the best water quality improvements. 

Infiltration of stormwater runoff can significantly reduce pollutant loads 

reaching surface water and generally does not pose a threat to groundwater quality if 

there is sufficient separation from the water table. Infiltrating stormwater runoff also 

has a direct impact on reducing the quantity of water in the sewer system that can 

contribute to CSOs and pollution of receiving waters. As such, infiltration is a major 

focus of the Water Quality requirement. 

Attenuation of stormwater flows also contributes to water quality goals. In 

combined sewer systems, CSOs must be reduced by maintenance of a slow release 

rate set to match the area-weighted wet weather treatment rate of PWD’s Water 

Pollution Control Plants. Therefore, when infiltration is not feasible, water quality 

improvement in combined sewer areas must be achieved not only by reducing runoff 

pollutant load concentrations, but also by managing the quantity and timing of 

stormwater discharge. Detention and slow release reduces peak flows in the combined 

sewer during wet weather events, thus reducing the frequency and magnitude of 

CSOs. 

Requirement 

The Water Quality requirement stipulates infiltration of the first 1.5 inches of 

runoff from all directly connected impervious area (DCIA) within the limits of earth 

disturbance. This volume of stormwater runoff is referred to as the Water Quality 
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Volume (WQv). If infiltration is feasible on the project site, the Water Quality 

requirement must be met by infiltrating 100% of the WQv through stormwater 

management practices (SMPs). 

One strategy to address the Water Quality requirement is to minimize the 

amount of DCIA, which reduces the WQv that must be treated on-site. DCIA can be 

reduced through the use of disconnected impervious cover (DIC), which includes 

green roofs, porous pavement, and rooftop, pavement, and tree disconnections, which 

are outlined in greater detail in Section 3.2. Projects that propose to disconnect 95% or 

more of their post- development impervious area qualify for an expedited 

Disconnection Green Review as described in Section 2.4. 

Guidance for calculating the WQv and design requirements for DIC and SMPs 

can be found in Chapter 3. If infiltration is infeasible, or where it can be demonstrated 

that infiltration would cause property or environmental damage, the method of 

compliance with the Water Quality requirement differs based on the type of sewershed 

in which a project is located. The applicant is referred to the sewershed maps in 

Appendix D to determine the type of sewershed in which their project is located. 

These maps are approximations of sewershed boundaries. The applicant must refer to 

their project’s point of stormwater discharge when determining which requirements 

apply to their project.  
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 Quick Tip 

Property owners often find that by incorporating landscape elements to reduce 

their DCIA, they simultaneously increase their property value and retail sales, 

reduce crime, and improve mental health and worker productivity. For more 

information regarding the triple bottom line benefits of green stormwater 

management practices, the applicant is encouraged to visit the National 

Resources Defense Council website. 

If the applicant believes that infiltration is not feasible, a waiver from the infiltration 

requirement must be submitted to PWD Stormwater Plan Review for approval. The 

applicant is referred to Section 3.3 for guidance on determining and documenting 

infiltration feasibility. For projects in which greater than one acre of earth is disturbed 

and an Infiltration Waiver Request Form is submitted due to soil or groundwater 

contamination, PADEP must evaluate the waiver request concurrently with PWD.  

Non-Infiltrating Projects Located in Combined Sewer Areas 

For all areas served by a combined sewer and for which infiltration is 

infeasible for all or a portion of the WQv, 100% of the WQv that is not infiltrated 

must be routed through an acceptable pollutant-reducing practice and detained in each 

SMP for no more than 72 hours. 100% of the WQv that is not infiltrated must also be 

released from the site at a maximum rate of 0.05 cubic feet per second (cfs) per acre of 

associated DCIA. 
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Non-Infiltrating Projects NOT Located in Combined Sewer Areas 

For all areas not served by a combined sewer—including separate sewer areas, 

direct discharge projects, and un-sewered areas—for which infiltration is infeasible for 

all or a portion of the WQv, 100% of the WQv that is not infiltrated must be routed 

through an acceptable pollutant-reducing practice and detained in each SMP for no 

more than 72 hours. Acceptable non-infiltrating pollutant-reducing practices are listed 

in Table 3.2-2. 

Figure 1.2-1: Water Quality Requirements 

The applicant is referred to Section 3.4.1 for detailed information on how to 

demonstrate a project’s compliance with the Water Quality requirement. There are no 

exemptions from the Water Quality requirement. 

Channel Protection 

Background 

In addition to having an effect on the quality of stormwater runoff, the rate and 

frequency of stormwater discharge also poses a threat to the downstream environment 

and infrastructure. Management of peak rates from smaller storm events is referred to 

as Channel Protection because one of its benefits is to reduce erosive flows in 

downstream channels. 

The objectives of the Channel Protection requirement are as follows: 
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1. Protect the quality of stream channels and banks, fish habitat, and man-made 

infrastructure from the influence of the erosive forces and downstream 

sedimentation due to high stream velocities; and 

2. Reduce the quantity, frequency, and duration of CSOs. 

Requirement 

The Channel Protection requirement stipulates the detention and release of 

runoff from the one-year, 24-hour Natural Resources Conservation Service Type II 

design storm event for all DCIA within the limits of earth disturbance at a maximum 

rate of 0.24 cfs per acre of associated DCIA in no more than 72 hours. 

This requirement applies equally to rivers, streams, and sites discharging to 

drainage ditches, natural or man- made ponds, and sewers that ultimately discharge to 

receiving waters, even if this discharge is indirect. The applicant is referred to Section 

3.4.1 for detailed information on how to demonstrate a project’s compliance with the 

Channel Protection requirement. 

Exemptions 

Projects meeting the following characteristics are exempt from the Channel 

Protection requirement: 

 Quick Tip 

The Water Quality and Channel Protection requirements are not additive; 

however, management of the WQv may reduce the storage volume needed to 
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meet the Channel Protection requirement. The designer is referred to Chapter 3 

for more information on stormwater management design strategies. 

 Redevelopment projects with less than one acre of earth disturbance. 

Redevelopment projects which reduce impervious area within the limits of 

earth disturbance (excluding public right-of-way) by at least 20%, based on a 

comparison of predevelopment impervious area to post-development DCIA. 

 Redevelopment projects located in the Delaware Direct or Lower Schuylkill 

Watersheds. 

For the purposes of calculating impervious area reduction, the predevelopment 

impervious area is determined by the dominant land use for the ten years preceding the 

date of the project’s Existing Resources and Site Analysis (ERSA) Application 

(Section 2.1) submission. To claim a predominant land use which differs from the 

existing condition, the applicant must submit a predominant land use plan, in addition 

to an Existing Conditions Plan, to PWD Stormwater Plan Review. The applicant 

should contact PWD Stormwater Plan 

 Review prior to his or her ERSA Application submission for predominant land 

use plan requirements. 

Figure 1.2-2: Channel Protection Exemption Conditions 

Flood Control 

Background 
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Uncontrolled large storm events have the potential to overwhelm the capacity 

of sewer infrastructure and receiving streams, particularly in areas that already 

experience high flows or have capacity limitations. 

The objectives of the Flood Control requirement are as follows: 

1. Reduce or prevent the occurrence of flooding in areas downstream of the 

development site, as may be caused by inadequate sewer capacity or stream 

bank overflow; and 

2. Reduce the frequency, duration, and quantity of CSOs. 

The Flood Control requirement is based upon the ongoing watershed-wide 

Pennsylvania Stormwater Management Act (Act 167) planning studies determining 

Flood Management Districts for controlling peak rates of runoff. 

Requirement 

The Flood Control requirement stipulates that a development project meet or 

reduce peak rates of runoff, as determined by its Flood Management District, from 

predevelopment to post-development conditions during certain storm events.The 

applicant is referred to Table 3.4-1 for a listing of Flood Management Districts and 

their associated rate reductions by storm event. Detailed information on how to 

demonstrate a project’s compliance with the Flood Control requirement can also be 

found in the Section. 

Exemptions 

Projects meeting the following characteristics are exempt from the Flood 

Control requirement: 
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 Redevelopment projects that reduce impervious area within the limits of earth 

disturbance (excluding public right-of-way) by at least 20%, based on a 

comparison of predevelopment impervious area to post-development DCIA. 

Quick Tip 

One common tool used by the development community to meet the 20% 

reduction in impervious area exemption condition is installing a green roof. 

Green roofs help with reducing annual energy costs, typically last twice as long 

as conventional roofs, and increase rental values. The applicant is referred to 

Section 4.3 for more information on green roofs. 

 Redevelopment projects located in Flood Management District C (see 

Appendix D) that discharge directly to the Delaware Direct or Lower 

Schuylkill main channels without the use of City infrastructure. Location 

within the District C boundary does not automatically exempt a project from 

this requirement. To apply for this exemption, the applicant must provide 

sufficient documentation regarding the proposed point of discharge as part of 

their application to PWD. 

 Redevelopment projects located in District C-1 that discharge directly to the 

Tookany/Tacony-Frankford main channel or major tributaries without the use 

of City infrastructure. This exemption applies only to peak rates of runoff for 

storm events greater than the five-year storm. Location within the District C-1 

boundary does not automatically exempt a project from this requirement. To 
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apply for this exemption, the applicant must provide sufficient documentation 

regarding the proposed point of discharge as part of his or her application to 

PWD. 

 Redevelopment projects located in the Delaware Direct Watershed or Lower 

Schuylkill Watershed, but situated outside of District C, that can discharge 

directly to the Delaware Direct or Lower Schuylkill main channels without the 

use of City infrastructure. Location within the Delaware Direct Watershed or 

Lower Schuylkill Watershed does not automatically exempt a project from this 

requirement. To apply for this exemption, the applicant must provide sufficient 

documentation regarding the proposed point of discharge as part of their 

application to PWD. 

For the purposes of calculating impervious area reduction, the predevelopment 

impervious area is determined by the dominant land use for the ten years preceding the 

date of a project’s ERSA Application (Section 2.1) submission. To claim a 

predominant land use which differs from the existing condition, the applicant must 

submit a predominant land use plan, in addition to an Existing Conditions Plan, to 

PWD Stormwater Plan Review. The applicant should contact PWD Stormwater Plan 

Review prior to his or her ERSA Application submission for predominant land use 

plan requirements. 

Figure 1.2-3: Flood Control Exemption Conditions 

Public Health and Safety Release Rate 
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Background 

In some areas, sewer capacity limitations have the potential to impact public 

health and safety. To address this, peak flow control beyond the requirements of the 

Channel Protection and Flood Control requirements is necessary in accordance with 

the PHS Release Rate requirement. 

Requirement 

Sites located in areas where known flooding has occurred due to constraints in 

the sewer network are required to comply with a maximum release rate (cfs per acre) 

for the one-year through ten-year storm events. This rate is determined by PWD based 

upon analysis of available pipe capacity for the project within the sewershed and will 

differ depending on the location of the project’s sewer connection (s). If a PHS release 

rate is required for the site, it will be noted by PWD during the Conceptual Review 

Phase for projects in the Development Compliance Review Path. PHS rates will not be 

applied to projects in other Review Paths. The applicant is referred to Section 2.2 and 

Section 2.3 for information on Review Paths and Review Phases, respectively. A PHS 

Release Rate requirement applies to all areas within a project’s limit of earth 

disturbance, pervious and impervious alike. 

An applicant with a project believed to be located within a designated PHS 

boundary, or wishing to learn more about whether a PHS Release Rate applies to the 

project, is advised to contact PWD Stormwater Plan Review prior to submittal. 

1.2.2 Erosion and Sediment Control Requirement 
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Background 

While the four previously discussed Stormwater Regulations relate to PCSM 

Requirements, effective stormwater management is also critical during the 

construction process. Clearing, grading, and other site development activities expose 

soil surfaces, leaving them vulnerable to erosion. Soil erosion and sediment loss not 

only affect the development site, but can also block downstream inlets and sewers, 

causing localized flooding, and carry sediment and associated pollutants to the City’s 

Water Pollution Control Plants or receiving waters. These impacts can contribute to 

flooding, maintenance concerns, and significant environmental issues. 

Requirement 

The owner of a development site is responsible for ensuring that active 

construction activities are not in violation of 25 Pa. Code Chapters 92 and/or 102 or 

the Clean Streams Law, the act of June 22, 1937, P.L. 1987, 35 P.S. §691.1 et seq. At 

minimum, all earth disturbance must comply with the E&S requirements of the PA 

DEP as specified in 25 Pa. Code §102.4. 

Specific submittal preparation requirements vary depending on the limit of 

earth disturbance and project location. All E&S Plans must be prepared in accordance 

with PA DEP guidelines as laid out in the latest edition of the PA DEP Erosion and 

Sediment Pollution Control Program Manual. 

The applicant is referred to Section 2.3 for more information on E&S Plan preparation 

and review requirements. At minimum, all projects, regardless of size, must install 
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E&S controls which are appropriate given the site layout, neighboring features, and 

proposed disturbance activities. 
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