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executive summary

i

 As the challenges facing conventional stormwater management continue 

to increase, municipalities are given the opportunity to incorporate alternative, 

more sustainable strategies. Green infrastructure presents a solution that can 

not only manage stormwater, but also provide a myriad of  social, economic, and 

environmental benefits.  However, as a new form of  stormwater management, 

green infrastructure strategies are lacking in terms of  information, and often 

overlooked and undervalued by municipalities. (Boudreau, 2013)

 The purpose of  this report was to investigate the key components 

of  recent strategies for implementing green infrastructure in municipal right-

of-ways. Using a case study analysis of  the New York City, Portland, and 

Seattle green infrastructure initiatives, a set of  13 components emerged and 

the similarities, differences, and trends within each were compared to reveal 

lessons learned for other municipalities.  This analysis, in combination with 

the findings of  a literature review conducted on the subject of  the role of  

green infrastructure in municipal planning, informed the following set of  

recommendations for other municipalities developing green infrastructure 

strategies for the right-of-way.

1. Raise awareness.  What is green infrastructure and why is it important?

 Where New York City remains in the pilot project phase of  their GI 

Plan, a key focus of  their strategy is on educating members within the public 

sector to encourage institutionalizing green infrastructure into all planning, 

policies, and practices. In addition, all three case studies emphasize the 

importance of  public education to increase support and foster greater values for 

green infrastructure projects.
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2. Take the Lead. Implement pilot projects, and establish mandates.

 As the literature review and all three cases studies assert, the right-of-way 

is in fact the largest impervious surface area municipalities manage. Tackle green 

infrastructure by focusing on public right-of-way projects and begin with pilot 

projects to test technologies and improve public support. Seattle and Portland 

followed pilot projects with policies to mandate the incorporation of  GI in the 

ROW in public and private projects.

3. Maintain and Monitor to Adapt and Measure. 

 Plants can be resilient, but without proper maintenance and especially an 

establishment period, a green infrastructure planting can quickly fail resulting in 

lost benefits and the compromising of  the effectiveness of  the system. The case 

studies show a variety of  strategies for maintaining GI ROW projects. Although 

there is often a public participation component, at least in the case of  Portland 

and New York City, the ultimate responsibility is left to the municipality to 

ensure proper and timely maintenance. All three municipalities along with the 

literature promote the benefits of  monitoring GI projects. While monitoring 

provides the opportunity for lessons learned and adaptability, there is also the 

measurable benefits in terms of  stormwater volumes reduced and economic 

savings. New York City in particular uses the results of  their monitoring to show 

the economic as well as stormwater benefits of  GI ROW projects. 

 Green infrastructure in municipal stormwater management presents an 

emerging trend that these case studies are showing proves to be both economic 

and environmentally sound. Through education, policy, and strong follow 

through, municipalities are leading the way with innovative green infrastructure 

strategies.
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Background
 Rainfall is a valuable resource. It is an important part of  the hydrological 

cycle that infiltrates the ground and ultimately replenishes our groundwater 

supply. Urban development has dramatically impacted this natural process 

through the extensive use of  impervious surfaces. (National resource Defence 

Council[NRDC], 2011) Rooftops, parking lots, driveways, sidewalks, and roads 

are all examples of  impervious surfaces that disrupt infiltration and create 

stormwater runoff.

 Conventional grey infrastructure municipal planning  strategies have 

responded to the challenge by treating water as an a contaminant, moving it 

as quickly and as far away as possible; rooftops to downspouts, driveways to 

roadways, and roadways to storm drains and underground piping. Along the way 

in these travels, the stormwater picks up a variety of  pollutants and carries them 

directly into our waterways. (Farr, 2008)

 Alternatively, there is an emerging trend towards green infrastructure 

(GI) strategies which can intercept, slow, filter, and retain rainfall. These green 

stormwater source controls and conveyance strategies include initiatives such as 

bioswales, street trees, and green roofs. 

 As roadways account for a significant portion of  a municipality’s 

impervious surfaces, and is a main source of  pollutants picked up by 

stormwater, (Lukes and Kloss, 2008) this study will focus on green infrastructure 

strategies for municipal right-of-ways (ROW), specifically bioswales.  

 North America has recently seen a rise in municipalities implementing 

significant green infrastructure strategies. Cities such as Toronto, Ontario and 

Chicago, Illinois have been leading the way in green roof  policies and programs, 

while other municipalities, including Portland, Oregon, Seattle, Washington, 

Bioswales are shallow, 
vegetated channels 

that provide treatment 
and retention of 

stormwater runoff. As 
a replacement to curb 

and gutter systems, 
they provide a variety 

of environmental, 
economic, and social 
benefits. (Farr, 2008)
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and New York City, New York, offer innovative and advanced initiatives for 

implementing bioswales in municipal right-of-ways. (NRDC, 2011; Wise, 

2008) This report investigates the strategies of  these three cities and offers 

recommendations through the key components identified.  

research objective 

 The objective of  this report is to determine key components of  the 

strategies municipalities have used in policy and planning to incorporate 

green infrastructure in stormwater management, specifically bioswales in 

municipal right-of-ways.  Through an in depth analysis of  the literature and 

three exemplary case studies, namely, Seattle, Portland, and New York City, 

this objective is addressed.  Ultimately, the goal of  this report is to fill in 

knowledge gaps in the literature on how municipalities are incorporating green 

infrastructure in municipal right-of-way and to provide the key components 

identified from a comparative case study analysis. 

report outline 

The report is organized into the following five chapters:

 Chapter 1 provides the introduction to the report outlining the  
  background of  the topic and research objectives of  the study.

 Chapter 2 provides the research methodology used in this study and a
  addresses the limitations of  the research.

 Chapter 3 includes the literature review that provides context and  
  academic literature on the role of  green infrastructure in 
  stormwater management and planning.

 Chapter 4 provides the document review findings as well as case study 
  analysis.

 Chapter 5 provides the conclusion to the report as well as 
  recommendations for municipalities. 

Planning for Green infrastructure in municipal right-of-Ways: A Comparative Case study Analysis
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introduction

 The purpose of  this report was to explore in detail how cities are 

implementing green infrastructure strategies in municipal right-of-ways. As an 

exploratory study of  an emerging trend in urban and environmental planning, 

qualitative research methods were employed with a multiple case study approach.

Yin (2010) states that multiple case studies often strengthen research and provide 

for more compelling findings as they offer the opportunity for replication and 

fill in gaps of  data from single case studies. Additionally, Berg (2009) explains 

that the multiple case study approach may provide a better understanding, 

insight, or improved ability to theorize about a broader context.  

 As this study strives to identify the similarities, differences, and trends 

in municipal planning for green infrastructure, a document review to provide 

comparison of  three exemplary case studies was the primary research method 

employed. Additionally, a literature review was conducted to provide context 

to the role of  green infrastructure in municipal stormwater management and 

planning, and was also used to inform the components used for analysis within 

the document review. 

 The structure of  this report draws from two other SURP Master’s 

reports of  a similar nature (Miller, 2011 and Cziraky, 2012) where qualitative 

research methods were used to investigate the implementation of  specific 

municipal plans and policy initiatives. In both studies, a comparative case study 

approach was employed to evaluate key components of  a specific policy/

planning initiative. 

GenerAl APProACH
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 Construct validity and reliability of  case study evidence is often a 

concern in qualitative research methods. A principle means for addressing these 

concerns is through methodological triangulation. This involves the use of  

multiple sources of  evidence. Yin (2010) describes this process as combining 

several different lines of  inquiry to achieve a more complete and substantive 

picture of  the research topic.  

 While the most common approach for triangulation involves the use of  

multiple methods for data collection, Berg (2009) suggests triangulation may 

also be achieved through varieties of  data, investigators, and theories. In this 

sense, the multiple case study approach of  this report satisfies the condition of  

a variety of  data from multiples sources. Additionally, investigator triangulation 

was achieved in this study through the analysis of  a literature review which 

consisted of  a variety of  research and academic sources providing their 

observation on the subject. 

 

 A preliminary literature review of  cities implementing green 

infrastructure strategies in municipal right-of-ways was conducted to identify 

exemplary case studies.  Factors being considered in the selection included: 

presence of  a green infrastructure policy or plan, degree of  established strategy 

for implementation in municipal right-of-ways, and uniqueness of  approach and 

context. Using studies such as Green Cities, Great Lakes (2008) by EcoJustice 

Canada (A Canadian non-profit environmental law organization) and Rooftops 

to Rivers II (2011) compiled by the National Research Defence Council (NRDC-

An international non-profit environmental organization) the following three 

municipalities were chosen and for specific reasons, as noted:  

triAnGulAtion

CAse study seleCtion
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New York City, New York: For their recently implemented Green 

Infrastructure Plan that takes on an ambitious and advanced strategy for green 

infrastructure planning and implementation.

Portland, Oregon: For having long been a leader in green infrastructure policy 

and practices with a well-established, institutionalized Green Streets policy and 

program. 

Seattle, Washington: For their stringent stormwater code that addresses and 

prioritizes the use of  green infrastructure in municipal right-of  ways, and unique 

natural drainage system approach that has resulted in innovative demonstration 

projects. 

 Two research methods were used in this study: a literature review and 

document review.  As policy and planning for green infrastructure is still in 

its infancy, the literature review provided context to this topic by investigating 

key academic research on the challenges facing stormwater management 

and introduced the role of  green infrastructure. The literature review also 

investigated how green infrastructure is being used in municipal planning, and 

specifically for the right-of-way. 

 The second method employed, the document review, provides the bulk 

of  analysis conducted in this report.  In order to investigate the strategies of  

the three case studies, a set of  13 components were developed for comparison 

(Table 1). Using a variety of  municipal documents the case studies were 

examined to identify whether and how each incorporated the 13 components 

into their planning and policy. Appendix A provides a table of  documents used 

for analysis of  each case study for each component.

dAtA ColleCtion metHods
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I

To investigate how
 each case study is using specific policies and plans to m

andate 
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ponent
N

ew
 York
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Table 1: G
reen infrastructure strategy com

ponents of case studies investigated.
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 There have been several limitations identified in this research. Firstly, 

the topic of  implementing green infrastructure in municipal right-of-ways is an 

emerging trend in stormwater management, as such there is limited information 

and case studies to draw from. While the investigation of  more case studies, in 

particular at least one in the Canadian context, would have provided for more 

substantive research, there were none identified in the academic literature on 

this specific topic. This limited the research in this report to an exploratory 

approach.

 In addition, the research method is limited by the number of  

perspectives provided in data collection. Conducting interviews with key 

informants is one form of  providing a second perspective to a case study. 

However, interviews were determined to be too challenging for this report given 

the limited timeframe, and location of  the case studies. This lack of  theory 

triangulation was mitigated through the use of  multiples sources of  data thereby 

providing data triangulation. 

 Lastly, there is a bias of  the researcher in support of  bioswales and 

green street projects.  This form of  green infrastructure is only one piece of  

the larger picture that is sustainable stormwater management.  Other practices 

such as green roofs, permeable pavements, and urban forests, are also areas 

municipalities are undertaking great initiatives.

CHAPter 2: methodology
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 The hydrologic cycle is a natural ecosystem function that provides the 

continuous circulation of  water between the Earth’s surface and atmosphere. 

The processes performed in this cycle replenish the environment, provide 

animals and plants with clean water, and move nutrients, pathogens and 

sediment in and out of  aquatic ecosystems.  (National Research Defence 

Council[NRDC], 2011; Ontario Ministry of  the Environment[MOE], 2003).

Important to understanding stormwater management and the role of  green 

infrastructure is the land phase in the hydrologic cycle- where water received 

from precipitation moves through various land storage compartments such 

as vegetation, water bodies, and subsurface soils.  The movement between 

these storage compartments occurs through a variety of  processes including: 

runoff, streamflow, infiltration , groundwater recharge, groundwater flow, and 

groundwater discharge. (MOE, 2013 )

 Urban development, through its dramatic increase in impervious surfaces 

(such as roads and buildings), negatively affects this land phase by changing 

the ability of  water to infiltrate soils and reach the above mentioned storage 

compartments.  This disruption in the natural water cycle poses a number 

of  challenges to the environment which sustains us and to the quality of  the 

resource itself. (Farr, 2008; American Society of  Landscape Architects[ASLA], 

The Water Environment Federation, American Rivers & ECONorthWest, 

2012). For this reason the goal of  stormwater management is to address these 

challenges posed by stormwater runoff. Grey infrastructure is the conventional 

Challenges to Conventional 

stormwater management

tHe HydroloGiC CyCle And tHe imPACt oF 

urBAn develoPment

imPACts oF 
stormWAter 
runoFF

the inability of 
precipitation to infiltrate 
and soak into soils 
creates what is known as 
stormwater runoff. in the 
urban environment where 
impervious surfaces may 
account for over 60%-
70% of land surface, (Wet 
Weather management, 
2008) stormwater runoff 
increases in volume 
and becomes a force to 
reckon with. the impacts 
compiled from Farr (2008), 
moe (2003) and nrdC 
(2011), include:

• reduced groundwater 
recharge, which then also 
reduces amount of water 
available for domestic and 
agricultural supplies.

• increased occurrence 
and intensity of flooding, 
which then also may 
lead to loss of life, and 
property damages.

• degradation of water 
quality through runoff 
picking up a variety of 
contaminants such as 
heavy metals, oil, and 
pesticides from surfaces 
such as pavements, 
then transporting them to 
waterbodies. this leads 
to decline in plant and 
animal diversity as well as 
degradation of drinking 
water supplies and 
recreational uses of water 
such as swimming. 

• increased occurrence 
and severity of erosion, 
causing the volume and 
rate sediment and water 
is delivered to streams to 
increase. this degradation 
of stream habitat also 
leads to decline in plant 
and animal diversity. 

CHAPter 3: literature review

12



approach that collects the runoff  on the surface and moves it through a series 

of  underground piping and stormwater sewer systems, ultimately leading 

into waterbodies. (MOE, 2003); however, as the information on the impact 

of  stormwater runoff  suggests, this method is not adequately protecting 

or enhancing water quality, and continues to cause environmental strain. In 

addition, older municipalities with combined sewer (CS) systems face even more 

environmental pollution with the occurrences of  Combined Sewer Overflows 

(CSO’s) that lead raw sewage and stormwater directly into waterways.  (Podolsky 

& MacDonald, 2008).

 Further exacerbating the challenges to the conventional stormwater 

management approach are the following three up and coming factors:

 1. Increasing population in urban areas is resulting in dramatic   

 increases in impervious cover. This shift results in an increasing volume  

 and rate of  stormwater runoff  as well as its impacts. (NRDC, 2011;   

 GIOC & Ecojustice, 2012)

 2. Aging grey infrastructure has created an “infrastructure deficit”

 and is putting an increased pressure on municipalities to address the  

 challenges facing conventional stormwater management. (Wiebe, 2012)

 3. Climate Change is causing an increase in extreme weather patterns 

 resulting in more frequent and intense storms. (ASLA et. al., 2012) This 

 poses the challenge of  an increasing pressure on the existing aging 

 infrastructure as well as again adding to the the volume and rate of  

 stormwater runoff. (ASLA et al., 2012 ; NRDC, 2011) 

AdditionAl CHAllenGes
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 Combined, these challenges are forcing municipalities to look for 

innovative, effective, and economical alternatives to grey infrastructure. As Wise 

(2008, pg 1) states in Green Infrastructure Rising, “The future of  stormwater has 

arrived, and that future is green. Green Infrastructure that is.”

the role of Green infrastructure

 As a newly emerging approach to stormwater management, green 

infrastructure lacks a universal definition. Similar to the challenge of  defining 

“sustainability” before the Brundtland Report, green infrastructure is a flexible 

term that can be used differently in different contexts. From Benedict and 

McMahon’s (2006) book Green Infrastructure where the terms is described as our 

natural life support system that provides ecosystem services including air and 

water purification, to a more holistic approach found in the Green Infrastructure 

Ontario Coalition [GIOC] and Ecojustice report (2013) where natural and 

engineered technologies are included in the term, green infrastructure takes on a 

variety of  forms. 

 For the purposes of  this report, the following definition from Wise 

(2008, pg.3) will be used to provide context and scope to the term ‘green 

infrastructure”: 

WHAt is Green inFrAstruCture And 
WHy is it imPortAnt?

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 risks of floods, captures 
pollution and improves water quality. in cities and other 
urbanized areas, that network can be extended by means of 
bioswales, green roofs, tree planting, permeable pavement, 
and other landscape-based drainage features. they restore, 
protect, and mimic natural hydrological functions within the 
built environment.

CHAPter 3: literature review
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 Furthermore, as a general principle the literature suggests green 

infrastructure techniques use soils and vegetation to infiltrate, evapotranspire, 

and recycle stormwater runoff.  

 While green infrastructure primarily offers stormwater management 

functions, multiple environmental, economic, and social benefits arise, 

in particular many of  which are able to address the upcoming challenges 

outlined in the previous section. The following chart found in the Centre for 

Neighborhood Technology’s (2010, pg. 3) Valuing Green Infrastructure Benefits guide 

demonstrates the wide array of  services green infrastructure can provide.

 In urban planning, where emphasis is placed on creating healthy, vibrant, 

sustainable cities, green infrastructure is increasingly being recognized as an 

important part of  this big picture.  Wise (2008) suggests green infrastructure, 

in addition to fulfilling stormwater management needs, also plays a significant 

role in broad planning aspects such as water quality, neighborhood development, 

and community livability.  In addition, a 2011 study from the UK investigating 

emerging trends in sustainable stormwater management identifies green 

infrastructure as a core strand in municipal planning policies focusing on 

Figure 1: The Benefits of  Green Infrastructure
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sustainable development.  (Ellis, 2011 ) As research and pilot projects continue 

to monitor and quantify these benefits, municipalities are provided with greater 

justification for making the shift from “Grey to Green”.

 With the wide array of  green infrastructure technologies emerging in 

stormwater management, from green roofs to street trees and permeable pavers, 

it is difficult for municipalities to determine where to focus when developing 

green infrastructure strategies.  Lukes and Kloss (2008) makes a strong case for 

municipalities to look to the right-of-way using the argument that urban roads, 

along with sidewalks and parking lots account for almost two thirds of  total 

impervious cover and contribute a similar ratio of  runoff.  Lukes and Kloss 

(2008) also adds that these impervious surfaces are prime collection sites for 

various pollutants and offers green infrastructure as a simple solution that will 

provide the ecosystem function of  biofiltration alongside many other benefits. 

 Furthermore, Figure 2  (page right) from the Great Cities, Great Lakes 

study by Podolosky and MacDonald (2008, pg. 31) outlines the various green 

infrastructure techniques and their hydrological function. The study highlights 

vegetated swales and bioretention swales among the highest performing forms 

of  green infrastructure which together are most commonly referred to as 

bioswales. (See Appendix B: Glossary of  Terms for GI definitions)

 Bioswales are the most prevalent form of  green infrastructure in 

municipal right-of-ways (aside from street trees) and are define as vegetated open 

channels designed to capture, and infiltrate stormwater runoff, and remove its 

pollutants. (EPA Office of  Wetlands, Oceans, and Watershed, 2010) This form 

of  green infrastructure provides several function: reduces stormwater volume 

through infiltration, improves water quality through vegetative and soil filtration, 

imPlementinG Green inFrAstruCture in tHe 
riGHt-oF-WAy(roW)
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and reduces flow velocity. Traditional grassed swales offer minimal benefits 

compared to those of  more complex forms that include thick diverse vegetation 

and amended soils. When designed properly bioswales also provide aesthetically 

pleasing greenery and a wildlife habitat amenity in addition to performing the 

necessary stormwater management functions. (Lukes & Kloss, 2008) 

Figure 2: The hydrologic functions performed by different green 
infrastructure techniques              (Podolosky and MacDonald, 2008, pg 31)

Case studies
 Three case studies were identified as relevant to this study on green 

infrastructure and right-of-ways; they are:

 New York City is an example of  a large city tackling the existing and 

future challenges of  stormwater management through municipal planning 

strategies.  With Combined Sewer Overflows (CSO’s) occurring up to 75 times 

neW yorK City
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per year and the resulting 30 billion gallons of  raw sewage released into local 

waterways forcing the city to address stormwater management, NYC announced 

in the PlaNYC 2030 sustainability plan that green infrastructure will become 

a major strategy in stormwater management. (NRDC, 2011)  The result has 

been the development and implementation of  the NYC Green Infrastructure 

Plan, offering a variety of  short term and long term initiatives and strategies 

for integrating and institutionalizing green infrastructure.  The extensive plan is 

unique in municipal green infrastructure strategies and the adaptive management 

approach employed by the city offers a variety of  lessons for this report. 

 Portland, Oregon has been at the forefront of  implementing green 

infrastructure strategies for the municipal right of  way through their extensive 

Green Streets Program that began over a decade ago. Recognized in academic 

literature and studies for their Green Streets Policy implemented in 2007, the 

mandating of  incorporating green infrastructure in right of  way projects has 

brought a wealth of  knowledge and expertise on the subject. (EPA Office of  

Wetlands, Oceans & Watershed, 2010) Promoting the multiple benefits Green 

Streets have to offer communities, with over 135 implemented city wide by 2011, 

Portland provides an example of  success that has laid the groundwork for other 

municipalities to build upon. (NRDC, 2011)

 Seattle, Washington is a unique example of  green infrastructure strategies 

for the right of  way.  (NRDC, 2011; Lukes & Kloss, 2008).  Aggressively pushing 

past the pilot project phase of  implementing green infrastructure, Seattle passed 

a resolution in 2013 with the ambitious goal of  managing 750 gallons of  runoff  

by 2025 using green stormwater infrastructure, and established a stormwater 

PortlAnd

seAttle
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requirement that projects in the right of  way integrate green infrastructure to 

the maximum extent feasible. Tackling stormwater management from a holistic 

approach, Seattle offers many unique and innovative approaches for municipal 

planning.

 In closing, green infrastructure offers municipalities the opportunity 

to address the increasing challenges of  stormwater management with a more 

sustainable approach. (NRDC, 2011)  In return, a myriad of  benefits arise 

for the community. As roadways provide the largest impervious surface area 

municipalities have the ability to tackle, green infrastructure projects in the 

right-of-way are proving not only technically and environmentally feasible, but 

economically viable as well. (Wiebe, 2012)

Conclusion
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introduction

 The purpose of  this document review is to analyze the green 

infrastructure policies/plan from the three exemplary case studies related to 

strategies for municipal right-of-ways(ROW). While New York City, offers the 

Green Infrastructure Plan of  2011, with a component on “Opportunities and 

initiatives in the right-of  way”, and Seattle provides a recently passed 2013 

Green Stormwater Infrastructure policy with stipulations for the municipal right-

of- way, Portland offers the most specific policy related to implementing green 

infrastructure in the right-of-way with their 2007 Green Street Policy. 

 This section of  the report uses these documents along with 

supplemental documents from each case study, as listed in  Appendix A, to 

investigate components of  the green infrastructure strategies employed by 

each municipality.  As discussed in Chapter 2, 13 components  were developed 

through themes identified in the literature review as well as a preliminary 

document review of  the case studies. Table 2 (page right) provides a summary 

of  the findings indicating the presence of  a component with a  “”. 

 The following pages provide greater context, detail, and analysis of  the 

strategies employed by each case study through a more in deoth examination of  

each component. 

CHAPter 4: document review

22



Component New York 
City Portland Seattle

1. Defines Green Infrastructure (GI)   

2. Establishes GI implementation goal(s)   

3. Types of  GI implemented in 
    Right-of-Way (ROW)   

4. Mandates implementation of  GI  in 
    ROW projects  

5. Recognizes multiple benefits of  GI   

6. Incorporates public education and 
   engagement   

7. Presence of  interdepartmental  
    approach   

8. Presence of  GI taskforce/committee  

9. Implementation of  GI pilot projects   

10. Identifies GI funding strategy  

11. Identifies construction and 
     implementation standards   

12. Identifies GI maintenance strategy 

13. Identifies GI monitoring strategy  

Table 2: Green infrastructure strategy components of  case studies
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1. defining Green infrastructure
introduCtion

 Through the academic literature review conducted in Chapter 3, a 

discussion of  defining green infrastructure revealed inconsistencies throughout 

the literature. As a means of  establishing a best practice in defining green 

infrastructure, and to provide context to the municipal planning strategies 

employed by these three case studies, each was reviewed in terms of  their 

definition. The following outlines the findings from each municipality and 

concludes with an analysis.

 New York City’s definition of  green infrastructure can be found 

in a variety of  sources, including the Sustainable Stormwater Management 

Plan, highlighted below, as well as the Green Infrastructure Annual Reports, 

and the municipal Department of  Environmental Protection (DEP) Green 

Infrastructure Program website. The definition is consistent throughout and 

highlights an approach that values stormwater as a resource rather than waste. 

It is interesting to note, however, that the 154 page Green Infrastructure Plan 

document and the Plan NYC document that both reference green infrastructure 

throughout, do not provide a distinct definition of  the term.  New York City’s 

definition of  green infrastructure found in the NYC Sustainable Storrmwater 

Management Management Plan (2008, pg. 94) is as follows:

neW yorK City

Green infrastructure is an adaptable term used to describe an 
array of products, technologies, and practices that use natural 
systems – or engineered systems that mimic natural processes 
– to enhance overal l  environmental qual i ty and provide ut i l i ty 
services. As a general pr incipal, green infrastructure techniques 
use soi ls and vegetat ion to inf i l t rate, evapotranspirate, and/or 
recycle stormwater runoff. 
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PortlAnd

 The documents reviewed from Portland reveal a definition of  green 

infrastructure (GI) that highlights the functions of  the strategy as well as the 

numerous benefits that GI provides. Consistent throughout, and present in a 

variety of  document sources (Portland Environmental Services Office website, 

the Comprehensive Plan, the Portland Plan, and the Portland Climate Action 

Plan, 2009, pg. 57), the definition of  GI used in Portland strategies includes:

Green infrastructure uses natural processes, systems or features 
to provide tradit ional infrastructure services. there are two 
primary types of green infrastructure:

     • natural networks of streams, r ivers, and open spaces that       
        natural ly manage stormwater, provide habitat, improve air 
        and water qual i ty, reduce f looding r isk, and provide areas 
        for human recreation and respite; and

      • engineered faci l i t ies, such as green street     
         treatments or eco-roofs, which use natural
         processes in an infrastructure sett ing.

seAttle

 With a more technical approach and definition to green infrastructure 

than the other two cases studies, Seattle discusses what they define as “green 

stormwater infrastructure” as a form of  best management practice to 

stormwater management. The definition is found throughout planning policies 

and documents  and reads:

Green stormwater infrastructure (Gsi) includes stormwater 
best management practices designed to reduce runoff from 
development using infiltration, evapotranspiration, and/
or stormwater reuse. to be considered Green stormwater 
infrastructure, it must provide a function in addition to stormwater 
management such as water reuse, providing greenspace and/or 
habitat in the City. 

Seattle Stormwater Manual Volume 3, 2009, pg. 80
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AnAlysis

 The case study definitions of  green infrastructure all provide 

an overview of  the functions GI performs, often citing the infiltration, 

evapotranspiration, and recycling/reuse of  stormwater runoff.  In addition, 

all three municipalities highlight the enhanced benefits green infrastructure 

systems have to offer vs. conventional grey infrastructure.  While both New 

York City and Portland include natural processes along with engineered systems 

in their definition, Seattle maintains a more technical approach that is limited 

to engineered systems. The significance for the municipalities that include the 

natural processes, such as Portland where examples such as streams, rivers, and 

open spaces are included in their definition of  forms of  green infrastructure, is 

that it becomes more challenging to inventory and quantify the impacts/benefits 

of  green infrastructure. 

 In general, the definitions of  GI used by each case study appear 

indicative of  each municipality’s overall approach to a green infrastructure 

strategy. For example, Portland and Seattle offer a more technical definition, 

which is also seen in their more technical approach to implementing green 

infrastructure than New York City.
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2. Gi implementation Goals

 As municipalities begin to tackle the challenges of  incorporating green 

infrastructure practices into conventional stormwater management, establishing 

goals can guide the process and ensure measurable success. Looking at the three 

case studies and their respective strategies for implementing green infrastructure 

in the right-of-ways (ROW), several goals were found to be guiding the process. 

Table 3 below summarizes these findings.

introduCtion

Case Study Document Source Goal(s)
New York 
City

Green Infrastructure 
Plan (2011)

• Reduce Combined Sewer Overflow(CSO) 
  volume by an additional 3.8 billion gallons 
  per year (bgy), or approximately 2 bgy 
  more than the all Grey Strategy
• Capture first inch of  rainfall from 10% 
  of  impervious surfaces in Combined  
  Sewer Overflow(CSO) areas through green 
  infrastructure by 2030. Specific targets:

•1.5 % by 2015
•2.5% by 2020
•3% by 2025
•3% by 2020

Portland Green Streets Policy 
(2007)

• To promote and incorporate the use of  
  green street facilities in public and private 
  development

Seattle Green Stormwater 
Infrastructure 
Resolution (2013)

• To manage 700 million gallons of  runoff  
  annually with Green Stormwater 
  Infrastructure (GSI) by 2025 (currently 
  GSI manages 100 million gallons annually)

Table 3: Summary of  Case Study GI implementation goals 

AnAlysis

 New York City provides the most specific goals where incremental 

targets have been established to ensure a long term, measured strategy for 

implementation. With a two fold approach that focuses on reducing the volume 

of  stormwater runoff  as well as capturing the first inch of  rainfall from 10% 
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of  the municipality’s impervious cover, the NYC Green Infrastructure Plan 

describes these goals as ambitious yet achievable. The GI Plan also provides 

a number of  strategies to support success with an approach to achieving their 

goals that emphasizes adaptive management where frequent monitoring and 

evaluation of  implementation projects is mandated.  

 Along a similar line, Seattle also established a measureable, long term 

goal in their Green Stormwater Infrastructure (GSI) Resolution that directs 

significantly reducing the total volume of  stormwater runoff  through the use of  

GSI. However, this goal does not provide the measured targets nor a policy for 

monitoring to follow up on the success of  this goal. 

 Portland in contrast to the other two municipal strategies does not 

establish a specific goal, only to increase the use of  green streets by public 

and private development. While the vagueness of  this aim would suggest a 

loose commitment and a lack of  guidance to an implementation strategy, the 

literature reveals a different case in that Portland continues to lead the way with 

widespread implementation and advanced technologies for green infrastructure 

projects in the ROW (NRDC, 2011).  Through further investigation into more 

broad planning principles found in the Portland Plan, Climate Action Plan, 

and Comprehensive Plan of  the municipality, a strong, and institutionalized 

commitment to green infrastructure and green streets was found, and emphasis 

on the immeasurable social benefits appear to be valued with greater significance 

than that of  the more technical aspects focused on by the other two case studies. 

 In closing, where municipalities require greater justification to implement 

GI strategies, establishing quantifiable goals seems a necessary tactic as shown by 

New York City and Seattle. However, where GI is already highly valued by the 

community and municipality, Portland provides a more general approach.

“ClimAte ProteCtion 

must Be inextriCABly

linKed WitH ACtions 

to CreAte And 

mAintAin joBs, 

imProve Community 

livABility And PuBliC 

HeAltH, Address 

soCiAl equity And 

Foster stronG, 

resilient nAturAl 

systems.”

-Portland 
Climate Action Plan

2009, Pg. 8
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3. types of Gi implemented in the 

right-of-Way (roW)

introduCtion

 As the literature review touched on, there are a variety of  ways that 

municipalities are implementing green infrastructure in municipal right-of-ways 

(ROW). The purpose of  this component is to identify the specific strategies of  

the three case studies.

neW yorK City

 NYC defines two main types of  green infrastructure strategies for the 

ROW. The first is the “Right of  Way Bioswale”. This type of  techonology is 

an engineered planted area within the sidewalk that will capture and manage 

stormwater runoff  from streets and sidewalks using vegetation (NYC 

Sustainable Stormwater Management Plan[SSWMP], 2008). The second form of  

GI for the ROW is called the Stormwater Greenstreet. This technology is similar 

to the ROW bioswale in that it will also collect stormwater runoff  from the 

street and sidewalk, however, a stormwater greenstreet is placed in the street and 

often occupies a larger area. (NYC SSWMP, 2008)

PortlAnd

 Portland’s strategy for implementing GI in the ROW focuses on the 

technology of  Green Streets. From the 2007 Green Streets Policy this type 

of  green infrastructure is defined using a set of  five criteria that describe the 

functions green streets perform. From managing stormwater through the use of  

vegetation, to providing green corridors and enhancing neighborhood livability, 

Green Streets is a general term used by Portland to encompass a variety of  more 

“A Green street...
serves As An urBAn 
GreenWAy seGment 
tHAt ConneCts 
neiGHBorHoods, 
PArKs, reCreAtion 
FACilities, sCHools, 
mAinstreets, And 
WildliFe HABitAts” 
-Portland Green Streets Policy, 
2007, pg. 2

(NYC DEP GI website, 2014)

riGHt oF WAy 
BiosWAle

stormWAter 
Greenstreet 

(NYC DEP GI website, 2014)
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specific technologies. These technologies are discussed and described in greater 

detail within the Portland Stormwater Management Manual which identifies 

two main types of  green street treatments: stormwater curb extensions, and 

planters.  

 A stormwater curb extension captures runoff  using a vegetated swale 

behind a secondary curb that extends into the roadway. Slits are created in the 

secondary curb with berm of  asphalt infront to encourage runoff  to flow into 

the extension. (Portland Stormwater Management Manual, 2009).  Similarly, 

a planter green street facility uses vegetation to capture, filter, and retain 

stormwater runoff  from sidewalk and roads. However, a planter differs in that 

it is built into the sidewalk and does not have to incorporate the use of  a swale. 

In addition, there are two types of  planters. Infiltration planters are constructed 

to allow stormwater to soak into the ground below, while flow through planters 

have a sealed bottom that instead creates an overflow of  runoff  which is often 

directed to another flow through planter for further treatment. 

seAttle

 Seattle’s approach to GI in the municipal ROW encompasses two 

main forms: swales and filter strips.  In depth detail for each is provided in 

the Stormwater Management Manual as well as Right-of-Way Improvements 

Manual. The filter strips are described similarly to that of  Portland’s infiltration 

planters, and the swales are defined much like the Right-of-Way bioswales in 

the NYC strategy.  However, despite these similarities Seattle offers unique and 

innovative examples for implementing green infrastructure that have taken the 

basic concepts of  capturing, filtering, and infiltrating stormwater runoff  through 

the use of  vegetation to another level, often tackling projects on a much greater 

scale than the other two case studies. 

seattle’s High Point 
right of way Gi project 
spans 34 city blocks and 
incorporates swales as 
well as filter strips. 

stormWAter CurB 
extension

FloW tHrouGH 
PlAnter

(Portland Green Streets website, 2014)

(Portland Green Streets website, 2014)

(Seattle GSI website, 2014)
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 Although each case study appears to use different terminology for the 

types of  green infrastructure used in the right-of-way (ROW), there are the 

general themes of  curb extension type planters that either use a swale to allow 

the stormwater runoff  to infiltrate the ground, or sealed bottom planter to slow 

and reduce runoff  while also allowing for an overflow. The other main theme is 

a planter in the ROW incorporated into the sidewalk which more often uses a 

sealed bottom approach. 

 Planters offer the unique opportunity of  adaptability for municipalities. 

While they are able to capture and filter stormwater runoff, they are often not 

constructed to completely retain runoff  amounts, meaning there is less depth 

required for implementation and therefore provides more flexibility for various 

ROW conditions. 

 Curb extension treatments also offer flexibility as they may be easily 

incorporated into road reconstruction projects and retrofits, however, where 

road width clearance is limited they prove challenging for implementation.

 While Seattle’s more expansive GI ROW projects are able to treat more 

water than the smaller scale curb extension and planter projects of  the other 

case studies, they are very site specific and involve significant planning, and 

public consultation. While this can be seen as a con in that it may limit the 

number of  projects that can be accomplished in a set period of  time, it offers 

greater opportunity for more dramatically decreasing the volume of  stormwater 

runoff  that would otherwise rely on grey infrastructure. 

AnAlysis
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4. mandates Gi implementation in   

    the right of Way

introduCtion

 The purpose of  this component is to investigate how the case studies 

are using specific policies and plans to mandate the implementation of  green 

infrastructure, in particular for the right-of-way(ROW). As mentioned in the 

literature review, the ROW is often the largest impervious surface area city’s 

own and manage, and therefore provides one of  the greatest opportunities for 

municipalities to lead by example. (Lukes & Kloss, 2008; NRDC, 2011)

neW yorK City

 At the present time, New York City does not have a specific policy 

mandating the implementation of  GI, nor any policy specific to the ROW; 

however, the Green Infrastructure Plan has set out a number of  initiatives that 

serve to inform the development of  such a strategy. 

 In particular, the City commits to implementing 20 pilot projects within 

the first two years of  the plan for monitoring over the next 20 years. The 

pilots seek to test whether the GI technology can be built, determine how it 

will be properly maintained, whether it will capture stormwater, and quantify 

the benefits, as well as costs associated with construction, operation, and 

maintenance.

 The GI Plan also establishes new design guidelines for public projects 

that include a Street Design Manual which will reduce stormwater runoff  from 

the ROW by encouraging mechanisms such as vegetated swales.  In addition, 

the GI plan charges the Mayor’s Office of  Long Term Planning with the task 

of  investigating the potential adoption of  sidewalk standards and roadways 

reconstructions that incorporate GI, and will use the data collected from the 

“A PrAGmAtiC 

APProACH to PuBliC 

PoliCy requires 

testinG oF sourCe 

Controls on A 

smAll sCAle BeFore 

turninG to tHe 

question oF WHetHer 

And HoW tHey CAn 

Be imPlemented 

BroAdly”

-NYC SSWMP
2008, Pg. 71

CHAPter 4: document review

32



pilot projects to develop such policies. 

 The 2013 GI Annual Report briefly mentions that a Modified Consent 

Order was signed in 2012 that formalized the city’s inclusion of  GI as an 

important component of  its stormwater management strategy. However, further 

information on this policy could not be found within reports or the NYC 

website. 

 

   Unlike New York City, Portland has a specific policy for implementing 

green infrastructure in the ROW.  Passed in 2007, the Green Streets Policy 

mandates the use of  green infrastructure in city projects through a set of  criteria 

developed in their Stormwater Management Manual (2008).  

 Most notably the policy ensures all infrastructure projects in the ROW 

funded by the City of  Portland, when over 500 sq ft, must incorporate green 

street facilities. The policy also stipulates that when this is not possible, a one 

percent (1%)  cost of  the construction for the project must be paid as a fee to a 

“% for Green” Street Fund (Portland Green Streets Policy, 2007). This funding 

strategy is discussed in more detail in component 10.

 Seattle stands out in green infrastructure planning and policy through 

their Stormwater Code implemented in 2009. This policy requires the use of  

Green Stormwater Infrastructure (GSI) to the maximum extent feasible in 

development, redevelopment, and enhancement of  public and private projects 

that are over 750 sq ft in the ROW. This policy and supplementary Stormwater 

Management Technical Requirements Manual Vol. 3, outlines a variety of  

appropriate vegetative technologies such as swales for use in the ROW.  

 More recently, in June of  2013, Seattle passed a resolution establishing 

GSI as a critical aspect of  stormwater management. The purpose of  the  GSI 

PortlAnd

seAttle
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resolution was threefold:

 1) explicitly underscore the City’s policy commitment to 
    relying on green stormwater infrastructure (Gsi) for 
     stormwater management wherever technically feasible 
     and aligned with urban development priorities

 2) ensure Gsi is fully integrated into the planning and 
    design of other appropriate infrastructure investments in 
    order to maximize community benefits and public value

 3) set a 2025 implementation goal for Gsi in seattle that 
    drives coordination and innovation

(Seattle GSI Resolution, 2013, pg. 4)

 It is important to note that the resolution also sets forth the timeline to 

release a GSI implementation plan by June 2014. 

 Although this resolution is less substantive than the Stormwater Code, as 

it is an unenforceable municipal planning document, it establishes firm directives 

and guides the implementation process for their GSI strategy. 

AnAlysis

 Developing policies and plans provides planners with the necessary tools 

to facilitate change in their communities. As Portland and Seattle demonstrate 

with their respective Green Streets Policy and Stormwater Code, implementing 

green infrastructure in the ROW can be mandated, but begins with a focus on 

public projects. While all three municipalities show a strong commitment and 

willingness to lead by example, their policies ensure the success of  a long term 

strategy. 

 While Seattle’s Stormwater Code provides the technical requirements 

for implementing GI in the ROW that Portland’s Stormwater Management 

Manual outlines, The Seattle GSI Resolution supplements the more stringent 

policy providing guidance and principles for a green infrastructure strategy. This 
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approach resembles the criteria provided in the Portland Green Streets Policy. 

 In contrast to the similarities between Portland and Seattle, the findings 

of  New York City suggest that the municipality is still in need of  greater 

justification before committing to such stringent policies as taken on by Portland 

and Seattle. 
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5. recognized Benefits of Gi

introduCtion

 As a means of  providing greater understanding into why municipalities 

should and are developing green infrastructure strategies, this component of  the 

report explores the benefits promoted by each case study. The following table 

(Table 4) provides a summary of  the benefits recognized in each municipality’s 

specific GI policy and planning, as well as broader comprehensive plans 

and community sustainability plans. Categorized by stormwater functions 

and followed by the three pillars of  sustainability: environmental, social, and 

economic, the findings demonstrate the wide array of  benefits municipalities are 

attributing to green infrastructure projects.

New 
York City Portland Seattle

Stormwater
Reduces stormwater volume and flow   
Reduces occurrences of  Combined Sewer Overflows   
Reduces pollution   
Environmental
Improves water quality and watershed health   
Improves air quality  
Increases wildlife habitat and corridors 
Reduces GHG emissions 
Improves resiliency to impacts of  climate change  
Social
Beautifies community/streetscape   
Enhances pedestrian and cyclist realm and safety  
Enhances neighborhood identity and livability  
Economic
More cost effective than gray infrastructure  
Reduces energy costs 
Increases property values  
Increases opportunity for small businesses/green jobs  

Table 4: Benefits of  GI identified in Case Study GI policies/plans

AFter A 20 yeAr Period, 
nyC deP estimAtes tHAt 

neW yorKers Would 
reCeive BetWeen 

$139 million And $418 
million in AdditionAl 

BeneFits tHrouGH 
reduCed enerGy Bills, 

inCreAsed ProPerty 
vAlues, And imProved 

HeAltH.
-NYC Green Infrastructure Plan, 

2011, pg. 10
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AnAlysis

 All three municipalities cite over a decade of  experience and monitoring 

of  pilot/demonstration projects to justify the benefits they attribute to investing 

in green infrastructure. In particular the stormwater benefits are consistent 

across all three case studies, while the environmental and social benefits, which 

are often more difficult to measure, are also prominently noted among the 

different strategies. While Seattle appears to lag behind in terms of  recognizing 

the environmental benefits beyond those related to stormwater, Portland 

fails to acknowledge any of  the economic benefits the other two case studies 

significantly emphasize.  This highlights again how Portland’s strategy values 

this type of  infrastructure far beyond the economics, whereas for Seattle, and 

especially New York City, making the economic case for green infrastructure is 

very important in their policy and planning. 

 More generally, the strong cases each municipality has made in their 

policy/plan with the various benefits of  GI noted, provides other municipalities 

in the earlier stages of  developing a GI strategy with greater justification, 

knowledge, and expertise to use as precedents. 

Green streets 
CAn Foster unique 
And AttrACtive 
streetsCAPes tHAt 
ProteCt And enHAnCe 
neiGHBorHood 
livABility And 
inteGrAte, rAtHer 
tHAn sePArAte tHe 
Built environments.
-Portland Green Streets Policy, 
2007, pg. 4

Gsi reduCes tHe 
strAin on tHe City’s 
seWer system 
And stormWAter 
system And 
Preserves system 
CAPACity, WHiCH 
Will Be imPortAnt in 
mAnAGinG seAttle’s 
GroWtH And tHe 
PotentiAl imPACts oF 
ClimAte CHAnGe.
-Seattle Green Stormwater 
Resolution, 2013, pg. 5
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6. incorporates Public education 

    and engagement

introduCtion

 Important in any municipal planning and policy strategy is 

public education and engagement. In the case of  implementing green 

infrastructure(GI), public education provides the opportunity to raise awareness 

and encourages the community to value the benefits of  the project. Through 

education and outreach, the public is engaged in the process which can 

encourage long term support as well as ease comfort with the changes taking 

place to a community’s landscape. (Karimi, 2013). Looking at the GI strategies 

of  the three case studies, this report identifies the components that incorporate 

public education and engagement from three main sources: GI plan/policy, 

annual report, and contents of  GI municipal website. Table 5 below provides a 

summary of  the findings.

Case Study Source Components

New York 
City

GI Plan

• Key Components of  GI Plan to “Engage and   
  enlist stakeholders”
      • Developing educational outreach program 
        to educate community members and 
        developers
      • Developing partnerships with community 
        based organizations and local universities 
        to advance implementation through research 
        and demonstration projects

GI Annual 
Report 2013

• Launched Bioswale Care Program for 
  community members to aid in maintenance of  
  GI projects. 
 (See component 11. for more details)

NYC GI 
Program 
Website

• Contains GI Fact Sheet, educational GI video, 
   contact information and links for how to get 
   involved
• Provides links to plan documents

Table 5: Case study strategies for incorporating public education and 
             engagement into green infrastructure projects and planning.
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Case Study Source Components

Portland

Green Streets 
Policy

• Component on outreach strives to educate 
  citizens, businesses and development 
  community/industry 
  about green streets and their multiple benefits, 
  as well as funding opportunities

Green Streets 
Cross Bureau 
Reports I + II

• Launched Green Streets Stewards Program for 
  maintenance 
 (See component 11. for more details)

Portland 
Bureau of  
Environmental 
Services Green 
Street Program 
Website

• Contains links to current projects and their 
  master plans
• Provides links to green street fact sheet and video
• Contains links to related reports and 
  publications, and case studies
• Contact information not easily accessible
• Provides link to Green Street Steward Program

Seattle

GSI Resolution • Mandates implementation of  GSI projects 
  provide opportunities for civic engagement

GSI Annual 
Report

• Pilot projects used diverse strategies for 
  community engagement. Including:
       • Project ambassadors going door to door to 
          introduce projects and answer questions
       • Survey and open house to gather input on 
          locations for projects
       • Walk and talk events, taking residents around 
         to talk about potential design and gather 
         input
• Developing GSI program for 2014 that will 
  accept requests for implementing GSI projects on 
  residential streets that rely on forming community 
  partnerships

Seattle Public 
Utilities GSI 
Website

• Contains links to current and completed project 
  with detailed information, provides “Resources 
  for Residents”, contains links to policy  
  documents, provides GSI contact person and 
   information

AnAlysis
 The findings show all three municipaltiies tackling the challenges of  

public education and engagement to varying degrees while also utilizing differing 

tactics. Seattle provides a more advanced approach to civic engagement that is 

mandated in their GSI resolution and demonstrated through findings on their 

municipal GSI website where it shows that community members are strongly 

encouraged and greatly involved in the process of  specific projects. 
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 On the other hand, New York City and Portland provide much greater 

educational outreach with “What is Green Infrastructure?” fact sheets, videos, 

and  links to more information on their municipal GI websites. Furthermore, 

both municipalities also offer specific programs to engage community members 

in the maintenance of  GI projects in their community. Although Seattle alludes 

to community participation in maintenance, there is no specific program. 

 For municipalities learning from these cases studies, a hybrid strategy 

that incorporates the advanced public education and ROW maintenance 

initiatives of  New York City and Portland, along side the innovative public 

engagement strategies of  Seattle, would provide a well rounded approach to 

ensure community acceptance, success, and enhanced benefits of  GI projects.
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7. Presence of interdepartmental 

Approach

introduCtion

 Green infrastructure is a holistic approach to stormwater management 

in that it recognizes the ecological functions of  rainfall and treats it as a resource 

rather than a waste. (Farr, 2008) In contrast to conventional stormwater 

management where the sole responsibility of  planning and implementation 

is often delegated to a single department, such as Public Utilities, green 

infrastructure requires a more interdepartmental approach as the impacts, and 

often benefits, of  the infrastructure effects diverse community services.  From 

the three case studies investigated, their planning and implementation processes 

involved in GI strategies revealed a trend emerging towards a cooperative and 

collaborative interdepartmental approach.  Using the protocol identified in the 

policies of  Seattle and Portland, as well as the strategy outlined in NYC’s Green 

Infrastructure Plan, the following Table 6 outlines these findings:

Table 6: Case Study protocol for interdepartmental approaches

Case Study Source Findings

New York 
City

 GI Plan

• Commits to educating staff  members on GI 
  within agencies 
• Assigned a BMP intra-agency taskforce 
• Plan sets out objective to encourage new 
  policies that emphasize an intra-agency 
  approach

Portland Green Streets 
Policy

• Policy establishes objective to foster 
  communication and coordination among city 
  Bureaus to encourage the incorporation of  
  green street facilities as part of  planning and 
  design across departments
• Policy also encourages departments to leverage 
  the work and funding of  projects in the same 
  geographic areas across Bureaus to create   
  Green Street opportunities
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Case Study Source Findings

Portland
(Cont.)

Green Streets 
Resolution

• Resolution sets directive that city Bureaus 
  and agencies cooperatively plan and implement 
  the Green Streets Policy using an integrated 
  approach. 
• Resolution also specifies that the Green 
  Streets Policy be incorporated into the City’s 
  Comprehensive Plan, Transportation System 
  Plan, and Citywide Systems Plan

Seattle GSI Resolution

• GSI resolution establishes the protocol that the 
  Office of  Sustainability and Environment 
  (OSE) coordinate an interdepartmental effort 
  with Seattle Public Utilities (SPU), Seattle 
  Department of  Transportation (SDOT), 
  Department of  Planning and Development 
  (DPD), Seattle City Light (SCL), and 
  Department of  Parks and Recreation (Parks) to 
  develop and implement the GSI strategy
• Stipulates GSI  is fully integrated into planning 
  and design of  other appropriate infrastructure 
  investments in order to maximize community 
  benefits and public value

AnAlysis

 The findings show Seattle leading the way with the establishment of  

a protocol that specifies the departments to be involved in GSI projects and 

planning, and requires an interdepartmental approach. Similarly, Portland’s 

resolution directs an integrated approach that involves cooperation across 

bureaus. In addition, Portland takes a more policy driven strategy mandating that 

their Comprehensive Plan, Transportation Systems Plan, and Citywide Systems 

Plan integrate the Green Streets Policy.  Although New York City establishes 

an objective for an inter agency approach similar to Portland and Seattle, this 

is preceded with the loose terminology of  “encouraged”, which suggests a less 

committed approach. Nonetheless, New York City does emphasize educating 

various departments which may be the considered the first step to a stronger 

interdepartmental approach.
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8. Presence of Gi taskforce/

Committee

introduCtion

 The purpose of  this component is to identify whether or not there 

has been any form of  GI taskforce or committee guiding the municipal 

green infrastructure strategies of  each case study. A taskforce/committee can 

represent a cross section of  stakeholders and help facilitate a well-rounded, 

informed, and collaborative process. (Boudreau, 2013) The following outlines 

the findings based on review of  the municipal websites and the specific GI 

policies and plans.

neW yorK City

 The NYC Green Infrastructure Program’s website outlines two forms 

of  committees. The first is a Steering Committee comprised of  organizations, 

institutions, and professionals who are experts in stormwater management 

related issues in New York City. The website states the Committee holds 

meetings quarterly and provides minutes starting in March 2011, and ending 

in November 2012. The committee is meant to serve as a liaison between the 

Citizens Group and Department of  Environmental Protection in order to 

represent the various ideas and concerns. 

 The second form of  multi-stakeholder group mentioned on the 

website is the GI Citizens Group which consists of  community organizations, 

businesses, academics, and environmental advocates. Members receive updates 

from the Department of  Environmental Protection about the GI Program and 

meet at a public forum once a year. The last meeting was June 2013.

 In addition to the information from the website, the Green 

Infrastructure Plan as well as annual GI reports discuss the formation of  a GI 
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Taskforce that would represents a cross section of  city agencies and guide the 

implementation of  a strategy to help achieve the goal established in the plan to 

reduce impervious surfaces by 10 percent. Specifically, the GI Plan directs that 

the Taskforce responsibilities include:

 • Prioritizing the development and implementation of  GI projects 
    resulting in widespread use and high priority watershed areas 

 • Modelling benefits and costs of  pilot projects

 • Developing approval specifications for GI to streamline design and  
    permitting processes
 
 • Proposing annual GI spending plan for Department of  Environmental
   Protection consideration 

PortlAnd

 Portland’s Green Streets movement has been led by a taskforce called 

the Cross Bureau Green Streets Team. Tackling the initiatives of  a two phased 

Green Street strategy and implementation reports, and developing policy such as 

the Green Streets Policy, and Green Streets Maintenance Policy, the team is led 

by the Bureau of  Environmental Services, and consists of  steering committee 

with members from six main departments.  These members include: Bureau of  

Environmental Services, Portland Development Commission, Portland Water 

Bureau, Office of  Transportation, Parks and Recreation, Bureau of  Planning, 

and the Office of  Sustainable Development.

 Seattle does not appear to have a specific committee or taskforce, 

however, as mentioned in component 6. (Interdepartmental approach), the GSI 

resolution mandates a coordinated approach to complete an implementation 

strategy for June 2014.

seAttle
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AnAlysis

 Portland’s Cross Bureau Green Streets Team has shown great success 

and productivity in advancing the widespread implementation of  Green Streets 

through their policy and implementation plans lead by a multi stakeholder 

group.  However, there are limited examples of  their accomplishments since 

implementing the Green Street Policy in 2007 which may suggest it was a 

temporary taskforce to begin the implementation strategy of  Green Streets 

policy and planning. However, New York City offers an example of  an ongoing 

taskforce mandated to oversee the general progress of  implementing the NYC 

GI Plan. In addition, New York City provides a more formalized opportunity 

for greater community involvement in the process of  planning for green 

infrastructure through s facilitated Citizens Group. Seattle appears lacking in the 

form of  a taskforce or committee for implementing green infrastructure, with 

the responsibility lying clearly with Seattle Public Utilities.

  In general, New York City offers the most advanced example that 

utilizes the formation of  committees to reinforce an interdepartmental approach 

that also allows for enhanced community engagement and public support. 
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9. implementation of Gi pilot/

   demonstration projects

introduCtion

 Pilot projects often play a critical role in the formation of  a planning 

strategy as they provide the opportunity to identify the challenges and benefits 

of  the application of  the strategy. In the case of  green infrastructure(GI), which 

is an emerging trend in stormwater management and new technologies are in 

constant development, pilot projects provide the opportunity to investigate 

best management practices while also serving as demonstrations for public 

education. (Karimi, 2013) Through online resources provided by the municipal 

websites of  the three case studies, research into the GI pilot projects for the 

right of  way(ROW) revealed the different types and number of  pilot projects in 

place.

neW yorK City

  In 2010, the Department of  Environmental Protection launched 

30 green infrastructure pilot projects, 6 of  which were streetside infiltration 

swales for the ROW.  The NYC Pilot Monitoring Projects Report (2012, pg. 3) 

states, “the pilot projects serve as the foundation for the adaptive management 

approach to the GI implementation program providing lessons learned to guide 

future planning, design, and construction”.  Monitoring for operation and 

maintenance costs, as well as stormwater performance, the pilots projects also 

serve to determine the overall feasibility of  the swales.  Since the development 

of  the plan, an additional 119 bioswales have been implemented.

in 2013, Brooklyn’s 
Bushwick neighborhood 
received 19 right-of-way 
bioswales as the third 
neighborhood pilot project 
of its kind 

(NYC GI website, 2014)

CHAPter 4: document review

46



PortlAnd

 Portland has long been recognized as a leader in the implementation of  

green infrastructure for municipal right-of-ways. (NRDC, 2011) The Portland 

Green Streets website offers 12 reports of  Green Street pilot projects, of  which, 

all provide detailed information into the technical design, implementation, 

and maintenance aspects of  the projects, as well as the associated costs, and 

measured benefits. Of  particular interest is the section devoted to “Lessons 

Learned” which suggests a similar approach as New York City  in using an 

adaptive management strategy for implementing GI. 

 Over the last decade the Seattle Public Utilities has launched increasingly 

large and more complex pilot Green Stormwater Infrastructure projects to test 

their natural drainage systems approach to implementing green infrastructure 

in the ROW. The website for the GSI program offers six pilot project examples 

varying in size and type. Most notably, the first Seattle GSI project, Street Edge 

Alternative (SEA) Street, became an international model for natural drainage 

projects in the ROW.

seAttle

12th Ave. sW stormwater 
infiltration planters treat 
runoff from 8000 sq ft and 
manage over 650 000 
litres of water annually. 
the project also won the 
2006 American society 
of landscape Architects 
design award

(Portland Green Streets 
website, 2014)

the seA street 
implemented in 2000, 
contains 6 vegetated 
swales, reduced 
stormwater runoff by 98%, 
and decreased impervious 
surface by 11%.

(Seattle GSI website, 2014)
AnAlysis

 All three cases studies offer advanced examples of  GI pilot projects 

for the ROW and have used them in their initial stages of  implementation. 

Where New York City places a strong emphasis on the numbers for monitoring, 

Portland points to greater field observations a well in the monitoring process 

of  the pilot projects. Although Portland and Seattle suggest they are beyond the 

pilot project phase of  their GI strategy in their policies, New York City requires 

greater testing before widespread implementation. 
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10. identifies Gi Funding strategy

introduCtion

 In order to ensure the success of  a green infrastructure(GI) strategy, 

a long term sustainable funding source is essential (Karimi, 2013). To identify 

the funding strategies of  the three case studies, their GI Plan/Policies were 

reviewed, and any documentation on the municipal GI websites, as well as the 

GI annual reports, were investigated for further information. The following 

outlines the findings.

neW yorK City

  The New York City GI plan commits to spend $1.5 billion in capital 

funds over a twenty year period through the implementation of  a Green 

Infrastructure Fund. The GI Fund will provide funding for capital and operating 

costs of  GI projects, including roadway reconstructions. The Plan stipulates the 

formation of  a Green Infrastructure Taskforce (as discussed in component 8.) 

to oversee the allocation of  funding. 

 The Portland Green Streets Policy establishes a funding strategy 

through the creation of  a “% for Green Program”. The Policy stipulates that 

any public or private project in the right-of-way(ROW) that does not trigger the 

application of  implementing a green street, shall pay 1% of  the total project 

costs to the “% for Green Program”.  The goal of  the program is to fund 

projects that have multiple community and environmental benefits in addition to 

treating stormwater from the public ROW.  The funding program also provides 

an opportunity for the municipality to track a variety of  variables related to 

stormwater management including the total sq ft of  the ROW managed by the 

GI facility, and costs of  implementation. 

PortlAnd
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 The City of  Seattle does not outline any specific funding strategy for 

their Green Stormwater Infrastructure program; however, the GSI annual report 

released in 2013 confirms that an investment strategy is incorporated into the 

GSI Implementation Plan set to be released in June 2014. Additionally, it should 

be noted that the GSI Resolution does direct the development of  innovative 

funding, financing and partnership opportunities for the implementation 

strategy.

 Overall, Portland provides the most advanced funding strategy 

for GI implementation in the ROW where capital funds are only a part of  

funding sources. Portland’s Green Streets Policy enables a more sustainable 

means of  funding by mandating 1% of  projects costs that do not trigger 

the implementation of  a green street be paid into a Green Street Fund for 

projects elsewhere.  While Seattle has a similar type of  policy that mandates 

the implementation of  GSI in the ROW to the maximum extent feasible, that 

second piece to Portland’s policy that allows for funding to other GI projects 

when it is not feasible is lacking in Seattle’s.  Similarly New York City does not 

have any policy to ensure a long term sustainable funding source for GI projects, 

however, a strong commitment for capital funding has been made.  

seAttle

AnAlysis
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11. identifies design/

     implementation standards

introduCtion

 Green infrastructure projects for municipal right-of-ways(ROW) can 

be contracted out to private companies for implementation, and even design. 

As such, municipalities may find the need to establish specifications to ensure 

success of  the projects. (NRDC, 2011) Looking at the GI policy and plans, 

annual reports, stormwater management manuals, and technical design guides, 

the findings below outline the strategies used by the three case studies for 

implementing design and implementation standards, if  any, for GI projects in 

the ROW.

 The NYC GI Plan directs the development of  a standard design manual 

for projects in the ROW. Implemented in 2012, and updated in 2013, the Right 

of  Way Bioswale Standard Design Manual provides innovative techniques and 

thorough specifications for three main types of  bioswales with a variety of  

possible treatments. Some details include: soil depth and requirements, planting 

plans, grading, etc.. 

 Several other NYC manuals provide standards and guidelines for 

green infrastructure in the ROW In particular, The Streets Design Manual, 

Park Design for the 21st Century Guidelines, Sustainable Sites Manual, and 

Water Conservation Manual. Table 7 (page right) from the NYC Sustainable 

Stormwater Management Manual (2008, pg. 66) outlines the effects of  these 

documents. 

  

neW yorK City
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 The Portland Green Streets Policy mandates the development of  

standards for green street projects implemented by the private sector. The 

result is the inclusion of  a “Green Streets Technical Requirements” section 

in the Portland Stormwater Management Manual that provides specifications 

for design, as well as a Green Street Construction Guide for Contractors 

and Subcontractors. The latter document provides an easy to read reference 

guide outlining the steps to project implementation from developing a project 

schedule, to grading, soil, vegetation, and erosion control considerations. 

 Similar to Portland, Seattle’s approach to design and implementation 

standards for green infrastructure in the ROW is twofold: The first is the 

technical requirements provided in the Stormwater Code, and the second is the 

Seattle Right of  Way Improvements Manual that was updated in 2012 to include 

Green Stormwater Infrastructure strategies as a means of  “helping to lower the 

barriers for implementation of  Green Stormwater Infrastructure approaches in 

the street right-of-way” (Seattle Right of  Way Manual, 2012, pg. 14). However, it 

PortlAnd

seAttle

Strategy Description Effect
Street Design 
Manual

Department of  Transportation will release 
a new manual to govern street geometries, 
materials, and lighting

Will recommend standards 
and pilot configurations for all 
roadway projects

Park Design 
for the 21st 
Century

Initiative of  Department of  Parks and 
Recreation and Design Trust for Public Space 
to establish guidelines for progressive open 
space design projects

Will promote source controls 
and sustainable stormwater 
management for all Parks 
capital projects

Sustainable 
Sites Manual

This Department of  Design and 
Construction(DDC) manual will provide 
strategies for maximizing vegetation, 
minimizing site disturbances, and managing 
stormwater

Will address the landscaped 
areas associated with all DDC 
capital building projects

Water 
Conservation 
Manual

The DDC manual will describe and evaluate 
best practices for reduction of  potable water 
use and capture of  precipitation for re-use

Will promote water 
conservation to designers and 
building managers for new 
projects and existing buildings

Table 7: NYC Green Infrastructure guidelines and standards
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is interesting to note that the GSI Resolution does not establish the mandate for 

the development of  guidelines or standards.

 

 
 All three case studies provide technical specifications for various forms 

of  green infrastructure right-of-way treatments with particular attention paid to 

grading, soil depth and quality, inlet and outlets, and plant materials to use. While 

New York City also outlines general guides for related policies and planning 

manuals, Portland and Seattle do not. However,  as mentioned in component 

7. Portland does mandate the inclusion of  Green Streets policies into other 

municipal planning documents.  

 While both Seattle and New York City focus primarily on the 

technical and engineering specifications, Portland provides a more reader 

friendly document in addition to the technical manuals that describes the 

specifications in a more digestible format. This seems a beneficial approach as 

green infrastructure is still in its infancy and is often new to road construction 

and reconstruction projects. This complementary version of  standards 

performs the function of  ensuring GI projects are less intimidating for proper 

implementation, and provides opportunity for education in addition to the 

necessary technical requirements and specifications.

AnAlysis
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12. identifies Gi maintenance 

strategy

introduCtion

 As part of  a long term strategy for any green infrastructure project, 

a proper maintenance strategy is essential. (Lukes & Kloss, 2008) From the 

community benefits found in the literature on green infrastructure projects for 

the right-of-way(ROW) and the findings of  these three case studies, it appears 

that maintenance strategies often involve some form of  citizen engagement/

participation. Using the municipal GI websites, annual reports, and GI policy/

plans, the maintenance strategies of  the three case studies revealed the following.

neW yorK City

 The NYC GI Plan establishes one of  its first implementation steps as 

being to develop the maintenance strategy through direction of  a newly formed 

Green Infrastructure Task Force. The primary responsibility of  maintenance 

falls on the Department of  Environmental Protection in partnership with the 

Department of  Parks and Recreation.  From the 2013 GI Annual Report, it is 

stated that there are currently 15 full time GI maintenance employees as well as 

one overall manager for furthering the maintenance strategy. 

 Additionally, the GI Plan encouraged partnering with community groups 

to develop programs for maintenance, and three years later NYC launched the 

Bioswale Care Program. The initiative offers regular workshops for citizens on 

how to get involved and provides an online handbook for more information.  

the nyC Bioswale Care 
Program Handbook (2013, 
pg. 3-5) outlines five ways 
community members can 
get involved:

1. CommuniCAtion- tell 
   Friends And FAmily 
   ABout tHe BiosWAle 
   ProGrAm, WHAt tHey 
   Are, And HoW tHey 
   WorK

2. CleAn out litter- in 
   PArtiCulAr to KeeP tHe 
   inlet And outlets 
   CleAr to ensure 
   ProPer oPerAtion

3. insPeCt soil And 
   PlAnts- For HeAltH 
   And soil erosion

4. Weed!

5. WAter WHen it’s too 
   Hot or dry- use A 
   BuCKet And Poor in 
   tHe inlet

the booklet also provides 
a list of what not to do, 
and a plant identification 
section for possible 
weeds vs perennial 
plantings. 

PortlAnd
 The Cross Bureau Green Streets Team Report #1 developed a Green 

Street Maintenance Policy to clarify the responsibility and funding sources of  
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a maintenance strategy.  This policy stipulates the Bureau of  Environmental 

Services will ultimately be responsible for maintenance and the funding of  

maintenance, however, also encourages the development of  a program to engage 

citizen participation. 

 From the Portanad Green Streets website there are two opportunities for 

community members to get involved in the maintenance. The first is to “Adopt 

a Green Street” and the second is to become a “Green Street Steward”.  The 

website also provides a Green Streets Steward’s Maintenance Guide which outlines 

the roles and responsibilities of  community volunteers using detailed pictured 

explanations of  each component. The guide also provides a “Desirable Plants 

Index” as well as a “Problem Plants” index similar to that of  New York City’s 

Bioswale Care document. 

Figure 3: Chart from Portland Green Streets Steward’s Maintenance 
Guide (2012, pg. 5) outlining responsibilities of  Stewards. 
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seAttle

 Seattle provides limited information on its maintenance strategy for 

green infrastructure in the right-of-way (ROW). However, the GSI website 

provides two main resources, the first a Practically Easy Landscape Maintenance: 

A Care Manual for Natural Drainage Systems (2012) for residents. This document 

outlines the responsibilities of  property owners with GSI in the ROW in 

front of  their homes, as well as discusses the responsibilities of  Seattle. 

Fundamentally, citizens are responsible for all garden maintenance such as 

weeding, watering, and mulching, with the exception of  pruning, and the 

municipality will regularly monitor and maintain all GSI “hardware” such as 

pipes, inlets and outlets, drains, and grates.  The second resource is the Green 

Stormwater Operations and Maintenance Manual (2009) which serves the purpose of  

offering a checklist for monitoring the condition of  GSI projects in the ROW.

Figure 4: Seattle’s Operation and Maintenance Manual (2009, pg. 6) 
provides various levels of  service for maintenance  

AnAlysis

 New York City and Portland have a very similar approach to their 

maintenance strategy whereby the primary responsibilities lie with the 

municipality and their respective department (for NYC that is the Department 

of  Environmental Protection(DEP) and for Portland, the Bureau of  
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Environmental Services (BES)). In addition, both municipalities, following the 

directive of  their GI policy/plan, have implemented community maintenance 

programs that provide opportunity for education on how the GI ROW systems 

work, and how they can participate in regular maintenance. Both case studies 

also provide a variety of  online resources to support these programs. It is 

interesting to note that while the responsibilities for citizen participation are very 

similar in both cases, Portland has implemented a two year establishment period 

for all new Green Street projects where responsibilities for community members 

is very limited. This can be seen as a very significant difference that can ensure 

the proper establishment and success of  new green infrastructure plantings. 

 In contrast to these strategies, Seattle takes a more hands off  approach 

with the responsibility for maintenance predominantly resting on homeowners 

with GI projects located in their ROW and volunteer community members. 

While Seattle does provide some maintenance guides, there is a lack of  a more 

coordinated and organized approach. Nonetheless, through the monitoring 

undertaken by the municipality, problems with maintenance and be addressed as 

they arise. Although this approach seems a more challenging tactic, it provides 

less financial burden for the municipality in terms of  maintenance. 
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13. identifies Gi monitoring 

strategy

introduCtion

 As mentioned previously, green infrastructure technologies are a new 

to stormwater management and therefore monitoring of  GI projects provides 

valuable information and lessons learned for future developments in the field. In 

addition, monitoring provides the opportunity for municipalities to quantify the 

benefits of  a green infrastructure strategy vs. the conventional grey stormwater 

management approach. (Boudreau, 2013) The following outlines the monitoring 

strategies, if  any, for each case study using protocol established in their GI 

policy/plan, and information from annual reports.

neW yorK City

 The NYC Green Infrastructure Plan identifies monitoring as a 

critical component of  its GI strategy and focuses on the monitoring of  

pilot projects. Consisting of  regular site visits, scientific instrumentation, 

and desktop calculations, the monitoring program will assess the overall 

efficacy of  green infrastructure. The GI Plan also states that monitoring will 

provide a standardized, robust data set to inform future policy decisions for 

implementation citywide.

 From the 2013 Annual GI Report(2013, pg. 23), more detail into the 

monitoring strategy is provided with the following criteria developed for 

monitoring in green infrastructure ROW projects: rainfall, stormwater volume 

and rates, water and soil quality, health of  vegetation, the ability of  the system 

to remain functional over a long period time, maintenance requirements, 

community acceptance, and cost effectiveness.
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PortlAnd

 The Portland Green Streets Policy touches on a monitoring strategy 

as part of  “Project Evaluation”. This section of  the policy states that ongoing 

monitoring of  green street facilities will occur to evaluate the effectiveness 

as well as performance in terms of  gallons manages, and projects distributed 

by watershed and neighborhood. Furthermore, through investigation of  

information provided on case study green streets, it appears that all green street 

facilities monitor stormwater flow as well as rainfall. In some cases additional 

monitoring is mentioned that includes the maintenance requirement over time, 

success of  the planting design, and the metal and petroleum based contaminants 

filtered. 

seAttle

 There is limited information of  monitoring mandated within Seattle’s 

Green Stormwater Infrastructure program. Neither the Stormwater Code, nor 

GSI resolution mention monitoring as a component of  the strategy, however, 

from a report found on the GSI municipal website showcasing GSI projects 

completed, information is provided on the stormwater flow rates as well as 

precipitation gauges of  each project.

AnAlysis

 Although all three cases studies often refer to their results of  monitoring 

in their GI policy and planning, the information on their strategy and data 

collected is not easily accessible, with the exception of  New York City. In the 

case of  New York City, as mentioned in this component as well as previous ones, 

monitoring is at the heart of  their GI strategy that uses an adaptive management 

approach. Monitoring provides them with the technical data to analyze what 

is working and what is not, and justify its benefits over a conventional grey 
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infrastructure approach to stormwater management. While New York City in 

their GI Plan, and Portland in their Green Streets Policy, establish the mandates 

for monitoring of  projects, Seattle does not have any specific policy mandating 

monitoring. Nonetheless, it is evident from highlighted pilot projects on their 

municipal website, as well information on maintenance, that monitoring does 

occur and has informed the GSI Resolution.

 For municipalities beginning a green infrastructure strategy, monitoring 

appears a central component to ensuring success by providing evidence of  

the measurable benefits and effectiveness, and opportunities for adaptive 

management through observations, and experiences with trial and error. 
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CHAPter 5
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 The purpose of  this report was to investigate the key components 

of  recent strategies for implementing green infrastructure in municipal right-

of-ways. Using a case study analysis of  the New York City, Portland, and 

Seattle green infrastructure initiatives, a set of  13 components emerged and 

the similarities, differences, and trends within each were compared to reveal 

lessons learned for other municipalities.  This analysis, in combination with 

the findings of  the literature review conducted on the subject of  the role of  

green infrastructure in municipal planning, informed the following set of  

recommendations for other municipalities developing green infrastructure 

strategies for the right-of-way.

recommendations

1. Raise awareness.  What is green infrastructure and why is it important?

 Where New York City remains in the pilot project phase of  their GI 

Plan, a key focus of  their strategy is on educating members within the public 

sector to encourage institutionalizing green infrastructure into all planning, 

policies, and practices. In addition, all three case studies emphasize the 

importance of  public education to increase support and foster greater values for 

green infrastructure projects.

2. Take the Lead. Implement pilot projects, and establish mandates.

 As the literature review and all three cases studies assert, the right-of-way 

is in fact the largest impervious surface area municipalities manage. Tackle green 

infrastructure by focusing on public right-of-way projects and begin with pilot 

projects to test technologies and improve public support. Seattle and Portland 

followed pilot projects with policies to mandate the incorporation of  GI in the 

ROW in public and private projects.
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3. Maintain and Monitor to Adapt and Measure. 

 Plants can be resilient, but without proper maintenance and especially an 

establishment period, a green infrastructure planting can quickly fail resulting in 

lost benefits and the compromising of  the effectiveness of  the system. The case 

studies show a variety of  strategies for maintaining GI ROW projects. Although 

there is often a public participation component, at least in the case of  Portland 

and New York City, the ultimate responsibility is left to the municipality to 

ensure proper and timely maintenance. 

 All three municipalities along with the literature promote the benefits of  

monitoring GI projects. While monitoring provides the opportunity for lessons 

learned and adaptability, there are also the measurable benefits in terms of  

stormwater volumes reduced and economic savings. New York City in particular 

uses the results of  their monitoring to show the economic as well as stormwater 

benefits of  GI ROW projects. 

Conclusion
 As the challenges facing conventional stormwater management continue 

to increase, municipalities are given the opportunity to incorporate alternative, 

more sustainable strategies. Green infrastructure presents a solution that can 

not only manage stormwater, but also provide a myriad of  social, economic, and 

environmental benefits.  However, as a new form of  stormwater management, 

green infrastructure strategies are lacking in terms of  information, and often 

overlooked and undervalued by municipalities. (Boudreau, 2013)

 This report investigated the key components of  strategies municipalities 

with prominent green infrastructure right-of-way initiatives are developing. The 
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findings revealed a variety of  key components. 

 Although all three municipalities are striving for a similar goal of  

reducing stormwater runoff  through the use of  green infrastructure, the 

approach taken to achieve these goals often varies by component. For example, 

while Portland emphasizes the overall community benefits to their Green Streets 

strategy and promotes an advanced interdepartmental approach. New York 

City and Seattle offer a strategy firmly planted in the technical and economic 

feasibility.  In particular to the case of  New York City this is applied through the 

use of  an adaptive management approach.  

 In summation, all three case studies offer innovative strategies for 

implementing green infrastructure in the right-of-way, and communities looking 

to develop an approach of  their own can utilize a hybridized version of  the 

components investigated in this report. For instance, while a municipality 

may choose to establish a quantifiable goal and target for stormwater runoff  

reduction through the use of  green infrastructure similar to that of  New York 

City and Seattle, they may then choose to implement a policy like that of  

Portland’s Green Streets Policy which mandates implementation for all new 

public and private development and redevelopment projects in the right-of-way. 

Either way, municipalities can integrate the strategy appropriate for their context 

with each component investigated to develop their own overall approach. 

As a starting point, however, all three strategies employed pilot projects as a 

means of  testing technologies, determining feasibility, and garnering greater 

public support, thereby allowing them to successfully establish their green 

infrastructure strategy. While existing municipal grey infrastructure strategies 

prove unable to meet the growing challenges to sustainable stormwater 

management, green infrastructure projects for municipal right-of-way provide 

a significant opportunity to make the shift from grey to green, and this report 

offer a variety of  lessons learned to spark such new initiatives. 



 Future research to expand on the findings of  this report could include 

key informant interviews of  each case study to fill in knowledge gaps, and 

provide greater insight into the challenges and lessons learned from each 

respective strategy. Additionally, further research using the components 

developed and applied to new case studies with different contexts, in particular 

those within Canada as the emerge, would provide more local planning context 

to the issue of  developing implementation strategies for green infrastructure in 

the right-of-way. 

 Also a timely topic for further research is investigating the economic 

benefit for municipalities investing in green infrastructure. Both New York City 

and Seattle case study documents used cost benefit analysis of  pilot projects to 

estimate the long term economic benefits of  implementing green infrastructure 

versus continuing current grey stormwater management practices.  As more case 

studies arise with pilot projects and monitoring programs, greater research and 

analysis into the economic benefits could provide municipalities with a stronger 

case for implementing green infrastructure projects. 

 Furthermore, through research conducted in this report an interesting 

topic arose for future research involving investigating the differences in policies 

and planning context from municipal, state/provincial, and federal governments 

related to stormwater management and green infrastructure from Canada and 

the United States, as there appears to be a significant disparity in terms of  

Canadian examples for right-of-way green infrastructure strategies. 
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New York City Portland Seattle
Green Infrastructure Plan Green Streets Policy and 

Resolution
Green Stormwater 
Infrastructure Ordinance and 
Resolution

GI Annual Report Green Streets Cross Bureau 
Reports I + II

Seattle Natural Drainage 
Systems

Sustainable Stormwater Man-
agement Plan

Stormwater Management 
Manual

Green Stormwater 
Operations and Maintenance 
Manual

NYC GI Brochure Portland Comprehensive Plan Green Stormwater Infrastruc-
ture Program Report

PlaNYC Portland Plan Seattle Comprehensive Plan
Climate Action Plan Climate Action Plan Climate Action Plan
Right of  Way Bioswale Stan-
dard Design

Green Streets Maintenance 
Guide

Right of  Way Improvement 
Manual

2012 GI Pilot Monitoring 
Report

Green Streets Construction 
Guide

SW Technical Requirements 
Manual

GI Grant Program % Green Funding Seattle municipal websites
NYC municipal websites Portland municipal websites
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Bioinfiltration- bioretention systems are soil and plant based facilities used to  

filter and treat runoff  from developed areas. Bioretnetion systems are  

designed for water infiltration and evapotransirpation, along with pollutant 

removal by soil filtering, microbial transformations and other processes. (ASLA 

et al., 2012)

Bioswales- are vegetated open channels designed to capture, and infiltrate 

stormwater runoff  and remove its pollutants through the use of  vegetation and 

soil.(EPA Office of  Wetlands, Oceans, and Watersheds, 2010)

Green Infrastructure- an approach to stormwater management that uses 

natural, or engineered systems that mimic natural processes, to capture, infiltrate, 

evapotranspire, and recycle stormwater runoff. (ASLA et al., 2012)

Grey Infrastructure- an approach to stormwater management that uses hard,  

engineered systems to capture and convey stormwater runoff. Includes gutters, 

stormsewers, tunnels, culverts, detention ponds, and related system. (ASLA et 

al., 2012)

Green Streets- a street space designed to integrate a system of  stormwater 

management within its right of  way through the use of  vegetation that will 

reduce the amount of  runoff  into storm sewers. (ASLA et al., 2012)

Stormwater Runoff- is precipitation that becomes polluted as it flows over 

driveways, streets, parking lots, construction sites, agricultural fields, lawns, 

and industrial areas. Pollutants associated with stormwater runoff  include oils, 

grease, sediment, fertilizers, pesticides, herbicides, bacteria, debris and litter. 

(ASLA et al., 2012)


