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ABSTRACT
Coming up with ideas to make a city greener is easy; actually doing them is a
much greater challenge. This thesis identifies key conditions for the
implementation of green infrastructure (GI). A series of three case studies shows
how green techniques turn landscape into infrastructure. The studies include
The Back Bay Fens in Boston’s Emerald Necklace, the first constructed wetland
designed for flood control; Portland’s Green Streets city‐wide sustainable
stormwater program, which allows rain and runoff to infiltrate bioswales,
thereby reducing flow to the combined sewer system; and the Atlanta Beltline’s
22‐mile multi‐use path, a new park system that improves non‐traditional
infrastructure and park access. Success factors include a grand vision,
collaboration, political and financial support, and good timing. This study
recommends that other cities interested in GI projects should focus on
collaboration, gain support from political and community leaders and groups,
identify funding sources, and consider maintenance needs.
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INTRODUCTION
A city is a system that is comprised of many networks. Infrastructure systems are
the base of a city and are essential to its survival. The networks of networks are
planned and designed to carry people, goods, water, energy, and information, elements
in motion that are needed on a daily basis. Infrastructure is the spine of cities that
ensures that they are functional, efficient, and effective. Cities consist of mutually
interdependent systems, which is especially important for great cities to uphold their
status by maintaining efficient and effective infrastructure. Over time, infrastructure
systems have been added to, removed, replaced, destroyed, and have evolved into
more complex and interdependent systems. Today, US infrastructure systems are aging,
chronically underfunded, and require a 21st century approach to address issues of
sustainability and climate change. This provides a great opportunity to replace outdated
infrastructure with new networks that utilize the urban landscape for infrastructure, and
specifically green infrastructure (GI).
The idea of using the urban landscape as infrastructure is both reframing and
redefining what landscape and infrastructure are, as well as who and what they are for.
The concept of green infrastructure was developed from the need to solve
environmental problems created by humans as a result of modern urbanization,
industrialization and an increase in city and regional population. These problems
include poor sanitation, poor drainage, flooding, water pollution, and depletion of
groundwater. The term green infrastructure (GI) combines the ideas of nature and city
that have traditionally been seen as separate. Examples of GI include park systems;
6

greenways; rain gardens, green roofs, and bioswales as part of stormwater systems; and
bike‐pedestrian paths. Urban planners, landscape architects, conservationists,
transportation planners, and hydrologists have taken on the challenge of solving urban
environmental problems with various types of interventions, from using low impact
development (LID) to manage stormwater, to creating park systems, wildlife corridors,
green roofs and multi‐use paths. Their intention is to improve the quality of both the
natural and built environments through the use of such soft infrastructure techniques.
Green infrastructure helps to further improve and support human settlements.
There are many benefits that are associated with GI, such as improvements to both
physical and mental health, habitat connectivity, biodiversity, and water quality
systems. It is important to rethink, reimagine, and reorganize in order to address
holistically how our infrastructure can improve the quality of life for all citizens, protect
the health of the environment, and offer adaptation solutions to climate change
challenges. GI can play a critical role in making these improvements. In addition, it is
essential for a city’s survival that it continues to be a place where people want to live,
work and play. Maintaining innovative infrastructure systems can help achieve this.

SCOPE
It is easy to have an idea about how to make a city greener, and another thing
altogether to actually make it happen. This thesis attempts to identify key
characteristics that allow GI to become a reality. There are certain elements that need
to fall into place for a vision to become reality, including strong planning and design,
effective policies, political support, a favorable economic climate, community buy‐in,
and a capacity for implementation within an organization. However, organizations
cannot always plan for all of these components; for example political support and
7

economic conditions are often not within the control of infrastructure organizations. In
these cases, it is essential to preserve the vision until the timing is right.
This thesis will examine how the public space in the urban landscape is used as
infrastructure to address the environmental needs of a city on a large scale. The guiding
research questions are:
How are communities incorporating landscape into infrastructure design
at large urban scales? What are the important characteristics that help
make projects successful in terms of providing social, environmental,
economic, and aesthetic benefits?
To answer these questions I have used three case studies, one historical and two
contemporary, which highlight what makes GI projects successful.
This thesis begins by defining infrastructure and GI as well as discussing the benefits
of GI through an overview of the literature. This provides a framework for both the
historical and current thoughts regarding GI. Next, case studies from three cities across
the country are presented. These include Boston’s Back Bay Fens, Portland’s Green
Streets initiative, and the Atlanta BeltLine. The final chapter, reflections and
recommendations, identifies best practices and key success factors revealed through
the analysis of these case studies. It is hoped that this research will help other cities
learn from the successes of these projects and, through the use of green infrastructure,
create communities where people want to live, work, and play.
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green infrastructure is a system of
valuable services found in nature or provided
through the installation of soft infrastructure
that considers and improves both the human
and natural environments
what it is park systems ● rain gardens as part of
stormwater systems ● multi‐use paths ● street trees
● natural flood control ● wetlands ● constructed wetlands
● restoration projects that emulate natural systems
● naturalizing river and lake edges ● low impact design
● habitat systems ● wildlife corridors ● ecological design
● natural infrastructure ● waterways ● conservation land
● working forests ● wilderness areas

what it is NOT traditional hard infrastructure ● traditional
pipe systems for stormwater ● large scale roads ●
highways ● large hydroelectric dams ● wastewater
treatment facilities

9

LITERATURE REVIEW
00

OVERVIEW
Infrastructure refers to systems that are created in cities, states and countries to

generate, transport, and store people, goods, services, and natural resources. Green
infrastructure (GI) is a sub‐category that combines several different types of
infrastructure. GI is a system of valuable services found in nature or provided through
the installation of structures that perform the functions described above in ways that
consider and improve both the human and natural environments. GI is proactively
planned, designed and incorporated into the existing urban fabric; it is not something
that spontaneously occurs. GI attempts to mimic natural systems using the urban
landscape to address environmental issues, such as decreased groundwater infiltration.
A variety of GI interventions are used to solve what has been identified as place‐
based problems, namely problems that vary from place to place and require context‐
specific solutions. Examples of such problems include inefficiencies as a result of the
aging combined sewer systems in Boston, problems with excessive stormwater
overflows into the Willamette River in Portland, or the need for a larger water
treatment facility in New York City. Several non‐traditional solutions are available with a
multitude of benefits. Interventions address any one or all of these problems including
the creation of bioswales, rain gardens, and green roofs. Examples of projects include:
Portland Green Streets for sustainable stormwater management, the Chicago
Wilderness program that addresses habitat connectivity, and Seattle’s Urban Forestry
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Management Plan that increases the urban tree canopy to help with stormwater
retention.
What makes GI interesting is that it can occur at a neighborhood, city, state, or
regional scale and can be initiated by community groups, local government, and non‐
profits. The case studies presented in this thesis demonstrate the use of GI at different
scales, from the Back Bay Fens site to the citywide Portland Green Streets program. GI
can make huge improvements to the environmental quality and quality of life, and is
often more cost efficient than traditional engineering approaches (e.g. large hard
infrastructure projects such as pipe systems for stormwater, highways, large
hydroelectric dams and large wastewater treatment facilities).
GI has a unique opportunity to fill many needs in the city that are currently not
being met. Green infrastructure can help address environmental and urban issues. GI is
a way to repair and restore what already needs to be done but in ways that can improve
human health and quality of life, address sustainability, mitigate climate change and
restore the environment.
In Laura Musacchio’s influential article “The scientific basis for the design of
landscape sustainability” (2009), she outlines six E words that define landscape
sustainability: environment, economy, equity, aesthetics, experience, and ethics.
Musacchio’s six E’s for landscape sustainability (Figure 1) are particularly useful when
considering GI initiatives. She emphasizes the need for connections between
sustainability science and landscape research as well as design for designed landscapes
and complex place‐based problems, which includes the effects and impacts of
urbanization. Musacchio states “people need to learn why a low‐impact society is a
plausible—and desirable—alternative to the one they currently live in.” GI demonstrates
11

the principles Musacchio discusses that can be seen in examples throughout the
country, and can serve as guide for new GI projects. The case studies in subsequent
chapters demonstrate how the six E’s are reflected in real projects.

Figure 1 : Musacchio’s diagram of the six Es of landscape sustainability (2009).

This literature review is comprised of three major sections: infrastructure, green
infrastructure and why we need green infrastructure. First it is important to have a
basic understanding of the definitions of what infrastructure is, the types of
infrastructure, and who operates infrastructure networks. This section is intended to
provide an overview of the necessary concepts and ideas relating to infrastructure
before moving on to the sub‐category of GI. The second section examines what green
infrastructure is, types of GI, its historical context and current polices. There are
countless benefits that humans and the environment receive from GI, which is discussed
in the third section: why we need GI. Understanding the value of GI helps to make a
case for the need for GI and provides a context for the case studies.
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Table 1: A few examples of GI interventions and benefits

PROBLEM

TRADITIONAL
INTERVENTION

WATER

HABITAT

ALTERNATIVE
TRANSPORT

GI
INTERVENTION

LOCATION

stormwater

Extensive
combined sewer
system
(stormwater, waste
water)

bioswales, rain
gardens, green
roofs

Green streets,
parking lots, and
roofs; parks open
space

urban runoff/
pollution

combined sewer
system

riparian buffer, bio‐
retention areas

flood control/
unstable
shores

levees, dikes

riparian buffer,
natural wetlands,
constructed
wetlands

water body
shores,
parcels near water
body
Near water body
and shores

habitat
degradation

‐

impaired
habitat
connectivity

‐

in and around
human
settlements
along water
bodies, near other
habitat areas

lack of bike
and pedestrian
infrastructure

Highway systems
for cars and not
people

restoration,
improved land use
planning
establish
greenways,
restoration,
improved land use
planning
multi‐use paths,
bike lanes

congestion

Build more roads

multi‐use paths,
bike lanes

old railroad beds,
along streets

old railroad beds,
along streets
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ENV BENEFITS

SOCIAL BENEFITS

groundwater infiltration,
overall watershed
improvements,
less discharge from CSO,
potential for habitat
creation
watershed improvements,
potential for habitat
creation

street beatification, improved
pedestrian experience, reduced
fines for non‐compliance, job
creation

potential for habitat
creation

opportunity for new recreation
space along the water bodies,
increase in water access to
water based recreation,
reduced cost in environmental
damages
new opportunities for active
and passive recreation,
increases quality of life
more opportunities for active
and passive recreation, provide
opportunity for children to
experience nature

increase in biodiversity,
improve air quality
increase in biodiversity,
increase carbon
sequestration, improve air
quality
decrease in C02 emissions
from cars, potential
increase in carbon
sequestration with new
trees
decrease in C02 emissions
from cars

Potential new walking trails,
increases quality of life

improves health, reduces stress,
reduces transportation costs,
increase quality of life, increase
social interactions
reduces transportation costs,
improves health, reduces stress,
increases social interactions
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INFRASTRUCTURE
Historically, infrastructure – such as roads, bridges, canals, and water delivery

systems – has been deeply embedded in city building and physical planning to create
the base of cities. Without it cities would simply not exist (Neuman and Smith 2010).
The prefix “infra” literally means below, which is where one would initially think
infrastructure is. The word “infrastructure” implies that there is an underlying structure
that creates a system with a specific order. The first known use of the word
infrastructure was in 1927; however the concept and facilities date back 4,000 years
(e.g. paved roads in Ur, aqueducts for transporting water through the Roman Empire).
Cities with extensive infrastructure systems for transportation and communication were
able to expand their governance and empires, including Rome, London and Madrid.
Infrastructure often takes the form of public works programs and large scale
engineering projects, which in modern times can be traced back to the establishment of
the Ministry of Public Works in France and the Office of Public Works in Ireland in 1831
(Neuman and Smith).
Today there are numerous definitions of infrastructure as defined by government
agencies, public works, local governments, professional organizations, non‐profits and
academics. The various definitions of infrastructure have many commonalities; key
themes include: systems, foundations, organizational structures and efficiency.
According to the US National Research Council, public works infrastructure means:
“Specific functional modes – highways, streets, roads, and bridges; mass
transit; airports and airways; water supply and water resources; wastewater
management; solid‐waste treatment and disposal; electric power
generation and transmission; telecommunications; and hazardous waste
management – and the combined system these modal elements comprise.
Infrastructure includes not only these public works facilities, but also the
operating procedures, management practices, and development policies
14

that interact together with societal demand and the physical world to
facilitate the transport of people and goods, provision of water for drinking
and a variety of other uses, safe disposal of society's waste products,
provision of energy where it is needed, and transmission of information
within and between communities.” (National Academy Press 1987)

At its core, infrastructure is a network that consists of sources (generators) and
receiver (users), and this relationship remains consistent between the different types of
infrastructure (Neuman 2006). For instance, water systems in metropolitan areas
clearly have a government agency or private business (the generator) that supplies
water to residents (the receiver). Different types of infrastructure have similar
characteristics. Each type includes nodes and conduits, contains support systems,
delivers fluxes (goods, services, water, energy, information and people), requires large
investments, is interdependent with other components, is designed to handle peak
flows, and adds value to or subtracts from other networks (Neuman). Professor Michael
Neumann (2006) at Texas A&M in the College of Architecture offers a very complete
definition of infrastructure as follows:
Infrastructure is the physical network that channels a flux (water, fluid,
electricity, energy, material, people, digital signal, analog signal, etc.)
through conduits (tubes, pipes, canals, channels, roads, rails, wires, cables,
fibers, lines, etc.) or a medium (air, water) with the purpose of supporting a
human population, usually located in a settlement, for the general or
common good. It consists of a long‐lasting network connecting producers
and service providers with a large number of users through standardized
(while variable) technologies, pricing, and controls that are planned and
managed by coordinating organizations.

Although this definition is very thorough, it pertains to hard infrastructure and does not
include the ideas of soft infrastructure (e.g. park systems, schools) and natural
infrastructure (e.g. wetlands), which represent an important part of green
infrastructure.
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Types of infrastructure
There are many ways that infrastructure can be divided into categories (e.g. by type,
who pays for it), and often these categories overlap. Typically infrastructure is first
divided into two broad categories: hard infrastructure (e.g. roads, bridges, pipe systems,
stormwater systems, electricity) and soft infrastructure (e.g. parks, hospitals, cultural
and social spaces). Nueman (2006) divides infrastructure another way ‐ by the
categories of goods and services that are provided and transferred.
Other classifications of types of infrastructure include: critical infrastructure (what
are considered to be the most important systems), green infrastructure (to be discussed
in Section 2), and natural infrastructure (e.g. wetlands and waterways). Table 2
demonstrates how hard, soft and natural infrastructure is classified for the purposes of
this thesis.

Table 1: Below are table with the different categories of infrastructure based on their primary
characteristics of what is being generated, moved or stored.

HARD INFRASTRUCTURE
TRANSPORTATION

WATER
MANAGEMENT

SOLID WASTE

 Road and highway networks, including bridges, tunnels, culverts,
retaining walls
 Mass transit systems (commuter rail systems, subways, tramways,
trolleys and bus transportation)
 Railways, including structures, terminal facilities (rail yards, train
stations)
 Canals, navigable waterways requiring continuous maintenance
(dredging, etc.), ferries, seaports and lighthouses
 Airports, including air navigational systems
 Bicycle paths and pedestrian walkways
 Drinking water storage, collection, treatment and distribution system
(pipes, storage reservoirs, pumps, valves, filtration and treatment
plants and equipment)
 Sewage collection, and disposal of waste water
 Drainage systems (storm sewers, ditches, etc.)
 Irrigation systems (reservoirs, irrigation canals)
 Flood control systems (dikes, levees, major pumping stations and
floodgates)
 Municipal garbage and recyclables collection
 Solid waste landfills
 Solid waste incinerators and plasma gasification facilities
 Materials recovery facilities
 Hazardous waste disposal facilities
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ENERGY

COMMUNICATIONS

 Electrical power network (generation plants, electrical grid,
substations, and local distribution)
 Natural gas pipelines, storage and distribution terminals, local
distribution network, gas wells, fleets of ships and trucks transporting
liquefied gas
 Petroleum pipelines, associated storage and distribution terminals,
oil wells, refineries, fleets of tanker ships and trucks
 Coal mines, as well as specialized facilities for washing, storing, and
transporting coal.
 Electric vehicle networks for charging electric vehicles
 Postal service, including sorting facilities
 Telephone networks (land lines) including switching systems
 Mobile phone networks
 Television and radio transmission stations, regulations and standards
governing broadcasting
 Cable television physical networks, receiving stations and cable
distribution networks
 The Internet (backbone, core routers and server farms), local internet
service providers, protocols and basic software required for the
system to function
 Communications satellites
 Undersea cables

SOFT INFRASTRUCTURE
INSTITUTIONAL +
SOCIAL

CULTURAL+
RECREATIONAL

INDUSTRIAL

 Health care system, including hospitals and clinics, and the health
care financing and insurance systems
 Educational and research systems, including schools, universities,
specialized colleges, research institutions, the systems for financing
and accrediting educational institutions
 Social welfare systems, including both government support and
private charity
 Financial system, including banks, financial institutions, the payment
system, exchanges, the money supply, financial regulations,
accounting standards and regulations
 Government and law enforcement systems, including political,
legislative, law enforcement, justice and penal systems, and
specialized facilities (government offices, courthouses, prisons, etc.)
 Emergency services, such as police, fire protection, and ambulances,
including specialized vehicles, buildings, communications and
dispatching systems
 Recreational infrastructure, such as parks, trails, playgrounds,
playfields, sports facilities
 Cultural infrastructure, such as concert halls, museums, libraries,
theatres, studios, and specialized training facilities
 Business travel and tourism infrastructure, including both man‐made
and natural attractions, convention centers, hotels, restaurants and
other services that cater to tourists
 Agricultural, forestry and fisheries infrastructure, including
specialized food and livestock transportation and storage facilities,
major feedlots, experimental farms and agricultural research centers
and schools
 Manufacturing infrastructure, including industrial parks and special
economic zones, mines and processing plants for basic materials used
as inputs in industry, specialized energy, transportation and water
infrastructure used by industry
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NATURAL INFRASTRUCTURE
WATER

VEGETATION

HABITAT ORGANISM
ECOSYSTEMS

 Oceans, rivers, estuaries, streams, lakes, ponds, salt and freshwater
wetlands, watersheds, groundwater
 Hydrology: the cyclical process of rainfall, evaporation, percolation,
drainage and replenishment of water bodies
 Plants that grow naturally in forests, woods, meadows, mountains,
marshlands, plains, savanna, tundra, desert, along saltwater rivers
and ocean coasts, along freshwater rivers and streams;
 Conservation areas and large, undeveloped, unfragmented areas
providing space for plants and wildlife
 Succession: the process by which plant communities compete, invade
and replace each other
 Natural home or environment of an animal, plant, or other organism
 Interdependent communities of plants and animals in habitats
associated with each type of natural area

Builders, owners, and operators
In the US most infrastructure is built and financed by government agencies including
transportation, water and the majority of soft infrastructure projects. Currently the
private sector is primarily involved in providing energy and communication networks.
Solid waste infrastructure can be owned and operated publicly, privately, or by a public‐
private partnership. Many of these projects cross political boundaries, capital and
operating budgets.
In order for infrastructure projects to happen there must be access to sources of
capital funds for construction, which is something that alternative forms and new
concepts of infrastructure do not necessarily have (Neuman and Smith). Who pays for
these projects depends on how infrastructure is defined, which is extremely important
when considering GI since it pushes the definitions even further. For example, rain
gardens that are part of the streetscape to handle stormwater‐ is this a DPW project or
a parks department’s project? This question will be discussed further in the context of
the Portland Green Streets chapter.
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Changing times
Nationally the scope of what is termed infrastructure projects is beginning to
change. There has been an increase in the number of sustainability plans, such as
PlaNYC (City of New York 2007), and rating systems for sustainable infrastructure, such
as the Zofnass program at Harvard University (2011) or agencies for their own work,
including the Port Authority in New York City and New Jersey (DesRoche 2009).
Members of the American Society for Civil Engineers (ASCE), American Council of
Engineering Companies (ACEC) and the American Public Works Association (APWA) in
April 2011 formed a group called the Institute for Sustainable Infrastructure. This group
is working on creating the envision Sustainability Rating System for infrastructure and
civil works projects. Similarly to LEED, envison includes a series of ten primary criteria
and 74 sub‐criteria along with a performance achievement evaluation that can be used
during the planning process (ISI 2011a, ISI 2011b).
Who infrastructure is for is changing as well. For example, bike lanes are becoming
increasingly popular with advocacy groups in cities and expanding networks can be seen
in New York City, Boston, Minneapolis, Portland and Seattle. Similarly, bike and
pedestrian infrastructure also spur job and economic growth as seen in a study in
Baltimore (Garrett‐Peltier 2010) and in the redevelopment projects along the Atlanta
BeltLine. This demonstrates that alternative forms of infrastructure can have positive
impacts on the community, stimulate economic growth, and create strong cities.

02

GREEN INFRASTRUCTURE
Green infrastructure (GI) is a combination of the many categories of infrastructure.

GI in some ways uses a narrower definition of infrastructure since it primarily focuses on
landscape, water, and alternative forms of transportation. However, in many ways the
19

definition is much broader since it includes natural infrastructure (e.g. wetlands),
habitat networks, bike/pedestrian infrastructure, park systems, sustainable stormwater
management and the combination of these items, all of which have typically been
ignored in traditional infrastructure projects.
Table 2: List of the various sub-categories of GI

PARK SYSTEMS
parks, greenways, trail networks
LOW IMPACT DEVELOPMENT (LID) rain gardens, bioswales, green roofs, permeable
pavement
ECO‐ROOFS
green roofs (vegetated), white roofs (cooling), blue
roofs (water managing)
PEDESTRIAN INFRASTRUCTURE
sidewalks, walking and multi‐use paths, hiking
trails
BIKE INFRASTRUCTURE
bike lanes, multi‐use paths, cycle tracks, bike trails
STREETS
street trees, rain gardens, permeable pavement,
bike lanes
URBAN FORESTRY
street trees, parks, greenways, urban wilds
WATER PROTECTION
waterways, riparian buffers, flood control
NATURAL INFRASTRUCTURE
waterways, wetlands
HABITAT
connectivity between corridors, patches, tunnels,
ecological restoration and conservation, urban
wilds

What is GI?
GI started out as a term used in planning efforts, particularly in the development of
land‐use and conservation plans, and over time has evolved to include a broader
category of techniques used to address environmental, urban and social issues
(McDonald, Allen, Benedict, et al 2005). For example, the Open Space Seattle 2100 plan
incorporates park system and habitat improvements, bike lanes and water treatment
into one city‐wide plan.
The varying definitions of GI can be divided into three categories:
1) GI as habitat: When the concept of GI started in the 1990s it primarily focused
on habitat. In 2006 Mark Benedict and Edward McMahon wrote the book
“Green Infrastructure: Linking Landscapes and Communities” (2006) that
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focuses mostly on habitat connectivity, natural ecosystems and integrated
systems. Similarly, The Conservation Fund states that GI includes:
“waterways, wetlands, woodlands, wildlife habitats, and other natural
areas; greenways, parks and other conservation lands; working farms,
ranches and forests; and wilderness and other open spaces that support
native species, maintain natural ecological processes.” (McDonald,
Allen, et al 2005)
2) GI as stormwater: The second category states that GI is centered on
stormwater. Many of the publications from the Environmental Protection
Agency (EPA) and the American Planning Association (APA) define green
infrastructure primarily as systems that deal with stormwater (e.g. green roofs,
rain gardens, and vegetated swales), a use that overlaps heavily with the term
Low Impact Development (LID) (EPA 2011, APA 2003).
3) GI as habitat, stormwater, alternative transportation, and green energy: The
third is a hybrid of the first two where GI includes water, habitat, and
alternative transport (e.g. multi‐use paths). The American Society of Landscape
Architects (ASLA) has one of the broadest descriptions of GI:
“efficient use of green infrastructure can reduce energy usage
through passive heating and cooling; filter air and water pollutants;
provide wildlife habitat; reduce the public cost of stormwater
management infrastructure and provide flood control; … and stabilize
soil to prevent or reduce erosion.” (ASLA 2011d)
In addition, the ASLA recognizes that GI plays an essential role in efforts to mitigate
climate change, create healthy environments and improve local quality of life. The
beginning of the green infrastructure movement focused primarily on greenways, parks,
forests, wetlands, and flood plains that improved ecosystem services in the city. Over
time the definition has expanded to include environmental or sustainability goals, such
as green, blue, and white roofs, permeable pavers, green streets, urban forests, park
21

systems and bike/pedestrian infrastructure, and designing more water tight buildings
that can handle storm surges (Foster, Lowe, Winkelman 2011).
For the purposes of this thesis, a definition is used which most closely resembles the
third category where water, habitat and alternative transport are all incorporated into
GI (for complete list see Tables 2 and 3). This definition continues to push the boundary
of what is considered infrastructure and who it is for.

Types of green infrastructure
There are many forms of GI with various techniques that have been developed as
part of the solution to address environmental and social issues (see Table 1 for GI
categories and solutions). Since GI incorporates and mimics natural systems more than
traditional infrastructure there are other benefits that are associated with it, such as
beautifying streetscapes, increasing native species and biodiversity, and storing and
capturing pollutants from stormwater runoff. For example, bioswales store stormwater,
filter pollutants, and infiltrate stormwater into the ground by using plants to facilitate
the natural process, whereas the traditional approach is to install a pipe to carry the
stormwater to a water treatment facility.
McDonald, Allen, Benedict, et al (2005) state that there is no “one‐size‐fits‐all”
blueprint for GI plans, but rather that GI provides a basic framework. This characteristic
is what makes GI so versatile: it can be applied to so many scales, such as a street,
neighborhood, a city or an eco‐region outside the city. For example, the City of Portland
tested the Green Streets program first as a pilot project, then in neighborhoods as they
proceed with a city‐wide sustainable stormwater management project. In addition,
there are large scale projects that span several states, such as the Yosemite to Yukon
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project that focuses on connected, well‐managed and quality habitat for wildlife (Y2Y
2011b).

Proactive planning
GI attempts to address environmental and social issues through changing the
patterns of the urban landscape. Most GI projects happen with proactive planning,
thinking on a large scale, and are interconnected with other projects happening in the
city. In addition, through planning for improving park systems or for flood control these
initiatives can help shape the urban form. Extensive outreach and community
involvement in decision‐making can also reduce opposition to new developments by
providing a shared vision (APA 2003). For example the Green Streets and alley programs
in Portland, Seattle, and Chicago have altered cities’ streetscape with the addition of
bioswales, rain gardens and permeable pavers which are well received by the
communities (Figures 2 and 3).

Figure 2 (Right): Green alley in Chicago
Source: www.streetsblog.org/2009/10/28/philly-mayor-tells-senate-climate-bill-can-help-make-citiesgreener/
Figure 3 (Left): Philadelphia's proposed "green corridors.”
Source: www.werf.org/livablecommunities/toolbox/gst_promote.htm

A historical context for GI
In the 1960s, ideas about the environment began to radically change. Rachel
Carson’s book “Silent Spring” (1962) demonstrated the effects of DDT on animals and
the natural world and started the modern day environmental movement. She drew
connections that had not been made before, and as a result experienced difficulty in
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convincing the government and chemical companies of the negative consequences of
their use of insecticide. As a result of her work, the American public started becoming
more aware that human actions can have a negative effect on our environment and
health and people began to demand change.
Also during this time Ian McHarg published “Design with Nature” (1969) which
radically changed the planning and design professions, especially the emerging cohort of
students that was then at the University of Pennsylvania. McHarg argued that there is a
need for a healthier relationship between nature and the built environment, and he also
provided technical and scientific tools to do this. These ideas were then transferred into
practice across the country in design firms, planning agencies, and new mapping
techniques (e.g. ESRI’s ArcMap used as a tool for environmental mapping). Fields such
as ecological, environmental, and watershed planning began to emerge as a result of
these changes in thought about the environment.
These works were particularly important in laying the foundation for the emergence
of GI. Green infrastructure, which is often associated with Low Impact Development
(LID), started in 1992 in Maryland. Larry Coffman, then associate director of the state’s
Environmental Services Division, was concerned about the pollution entering into the
Chesapeake Bay and created rain gardens in a parking lot to reduce it. This
demonstration project showed that stormwater runoff could be kept out of sewers
through improved infiltration (Wise, 2008). As a result, further experiments were
conducted during the early 1990s by the Center for Watershed Protection and the Low
Impact Development Center in Maryland. In addition, Maryland’s Greenways Program
used GIS to identify areas for potential greenway locations and the ecological benefits
that could be obtained. In 2001, the state launched the GreenPrint program to protect
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its most valuable lands, thereby helping to focus conservation programs and funding
(Benedict, McMahon 2006).
The ideas of GI spread to the Pacific Northwest in the early 1990s, where it was a
response to requirements for the Clean Water Act and Endangered Species Act. In 1994
Seattle’s urban forestry effort became part of its infrastructure system and the city
committed capital funds for reforestation. In 2007, Seattle’s Urban Forestry
Management Plan set a new goal to increase the urban tree canopy from 18 to 30
percent, therefore requiring about 650,000 trees to be planted over the next 30 years.
This project was started in part because of trees’ potential for stormwater retention in
cities. Seattle’s Urban Forestry program is valued at an estimated $10 million per year
(Wise 2008).
Today GI draws on the knowledge of many fields, such as planning, green design,
ecology, hydrology, transportation, sustainable development, and low impact
development (LID) and as a result, the types of projects are very multi‐dimensional. The
large number of fields from which green infrastructure draws from demonstrates that
there are many overlapping ideas and concepts among these fields. There are
differences however in how they prioritize concerns (e.g. green design tends to focus on
building, sustainability is more holistic).
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Table 3: The following table shows the evolution over time of one element of green infrastructure: land
conservation at the local level. (McDonald, Allen, Benedict, et al, 2005)

Policy
GI policy is typically implemented at the local, state, and sometimes regional levels.
Numerous local governments have begun to adopt official GI polices. Cities and towns
are taking the first steps to adopt inclusive language in their local ordinances and by‐
laws. Cities have decided to change their regulations for a variety of reasons, including:





Implement sustainable stormwater programs
Improve watershed and riparian buffer
Improve habitat
Adapt to climate change (e.g. American Rivers and New York City have
programs connecting stormwater, river basin management, and climate
adaptation (Center for Clean Air Policy, 2011)

In Portland, the Bureau of Environmental Services worked with the City to pass the
Green Street Resolution, and an official policy was approved by Portland’s City Council
in 2007, which mandates that City‐funded development, redevelopment or
enhancement projects must incorporate green street facilities. The Atlanta BeltLine
received approval for the BeltLine Tax Allocation District (TAD) from the City, where the
new development in the TAD helps to fund the project, both in its GI aspects (e.g. parks,
multi‐use path) and in extending the MARTA system.
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A desire to improve existing conditions underlies all planning and projects. On
occasion, GI initiatives also grow out of non‐compliance issues. For example, Seattle’s
Urban Forestry Management Plan adopted in 2007 seeks to increase the urban tree
canopy to help with stormwater retention, which was a response to improve their
compliance with the Clean Water Act and Endangered Species Act (Wise 2008).
The idea of sustainability is making progress at the federal level where agencies are
rethinking their missions, creating policy recommendations, and creating programs to
encourage sustainability. For example, some of the new programs include: President’s
Council on Sustainable Development, the Department of Energy’s Center of Excellence
for Sustainable Development (CESD), the EPA’s Sustainable Development Challenge
Grants (SDCG), and the Department of Transportation’s (DOT) Transportation,
Community, and System Preservation Program (TCSP). GI‐related projects, which are
specific to LID, were some of the most popular EPA programs, amounting to 21% of all
submissions (Chios 2007).
New proposals and legislation are beginning to emerge that specifically encourage
GI, such as the ‘The Green Infrastructure for Clean Water Act of 2010’ that Senators
Tom Udall and Sheldon Whitehouse introduced in July 2009. This bill focuses primarily
on stormwater management for the 21st century to restore and protect natural
hydrology, infiltrate water on‐site and reduce the volume for water infrastructure
systems (Baer, Kober, Wise 2010). This bill is in congress again this year (2011) and if
passed will assist communities that are interested in implementing projects by
continuing to fund research and development of GI technologies within the EPA (Baer
2011). Even though the bill has not yet passed, the EPA is already starting to identify
and work on GI projects. In addition, climate change adaptation strategies can include
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GI. The House Climate Change Adaptation Task Force made recommendations to
President Obama regarding how Federal Agency policies and programs can help to
prepare the US for climate change (Foster, Lowe, Winkelman 2011). Therefore, other
government agencies could be looking towards GI for techniques as solutions for
climate change adaptation at local and regional levels.

03

WHY WE NEED GI
As demonstrated, a large number of green infrastructure techniques can be used in

urban, suburban, and rural environments and many can be scaled to meet the needs of
a particular community. This section will discuss the health, environmental and
economic benefits of GI.

Benefits of green infrastructure
Green infrastructure addresses environmental, urban and social issues through a
holistic and creative approach to planning, design and environmental management.
There are many benefits of incorporating GI into communities for both the people living
there and the natural ecosystem. Depending on the specific focus of the GI projects,
similar to good design and planning, it can improve the quality of life and public health,
create additional wildlife habitat, increase recreational and transportation options,
improve hazard mitigation including floods, improve air and water quality, assist
regulatory compliance, lower energy demand, reduce heat island effect, reduce capital
costs, increase carbon storage, and create a sense of place among community members
(The Conservation Fund, 2011). For example, tree‐lined streets and community paths
help to purify the air, improve physiological health, and create habitat for birds. Bike
and multi‐use paths provide safe spaces for human‐powered transportation, which
reduces the need for cars, thereby improving air quality, enhancing public health, and
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decreasing congestion. These benefits are not unique to GI but allow additional benefits
that are not possible with traditional infrastructure projects.

Health benefits
The health benefits of green open spaces have been demonstrated numerous times
through various studies, reports and books, such as The Trust for Public Land’s report
“The Health Benefits of Parks: How Parks Help Keep Americans and Their Communities
Fit and Healthy” (Gies 2006). Some of the health benefits include increased physical
activity, reduced obesity rates, increased access to healthy foods (e.g. through
community gardens) and reduced mental stress.
Similarly, GI can also promote health benefits. The Minneapolis Parks System has 50
miles of trails that allow people to enjoy parks, gardens, and beaches (MRPB 2011). The
paths form concentric circles around Lake Calhoun, Lake Harriet, and Lake of the Isles
that separate walkers/joggers from cyclists, which allows for a more enjoyable
experience for everyone. Minneapolis parks are heavily used by, on average,
approximately 13.8 million visitors annually, and 3.7 million of those visits are made by
non‐residents. Residents state that the parks are essential to their quality of life and the
city’s identity (MPRB 2007). This abundance of parks and path networks in Minneapolis
and throughout Minnesota has helped make the state the sixth healthiest state in the
US (Nash 2010).
Frederick Law Olmsted, the father of American landscape architecture, understood
the mental health benefits of including natural settings in the city. However, the focus
over time has moved more towards recreation and physical health, while passive and
contemplative actives receive less attention. A recent publication on the health benefits
of nature is Richard Louv’s book “Last Child In The Woods: Saving Our Children From
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Nature‐Deficit Disorder” (2005), which focuses on the disconnect between children and
nature. Louv notices that children do not play outside as much as children 50 years ago,
which has resulted in an increase in attention deficit disorder (ADD). He argues that as a
result of children’s’ and adults’ disconnect from nature, their senses are diminished,
they have difficulty focusing and they exhibit high rates of physical and emotional
illness. GI can help to improve children’s access to nature. For example the Atlanta
BeltLine will provide an additional 1,400 acres of parkland and 22 miles of trails.
Therefore more children living in the city will have better access to a natural setting.
The Green Streets projects in Portland, Chicago, New York and the Twin Cities will create
swales in combination with urban forest programs which can help relieve stress, change
our relationship with the urban landscape and—with good urban design—can increase
the walkablity of neighborhoods.

Environmental benefits
As previously mentioned, many environmental benefits result from a specific GI
project such as habitat expansion, stormwater infiltration, watershed improvements,
reduction in urban heat island effect, and increase in native species. Since 1999 The
Conservation Fund’s (“the Fund”) Green Infrastructure program has worked nationally
to improve the ability of land conservation professionals and their partners to create
conservation programs that are proactive, systematic, and well integrated with existing
work. Some of the highlighted projects include: Maryland’s Green Infrastructure
Assessment and Florida’s Statewide Greenways System. Maryland was one of the first
states to conduct in 1991 a statewide GI assessment that addressed the rapid growth
occurring in the state. Using GIS, the Maryland Department of Natural Resources
created a GreenPrint to inventory the most valuable ecological lands. Today 2 million
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acres have been identified as GI (Benedict and McHahon 2006). The Yosemite to Yukon
(Y2Y) is one of the largest conservation initiatives that focuses on connected, well‐
managed and quality habitat for wildlife. Y2Y has identified areas in which to focus their
attention to improve habitat for birds, bears and fish, build wildlife overpasses over
highways, conserve more land, and also work on climate change adaptation for the
region (Y2Y 2011a and 2011c).
GI helps to manage hydrological issues in urban areas as well. Typical medium‐sized
trees can absorb 2,380 gallons of rainfall per year (Foster, Lowe, Winkelman). Therefore
investing in urban trees can significantly reduce the need for stormwater treatment and
also help maintain the groundwater table at a natural level. A hydrological modeling
study demonstrated that Washington, DC could save between $1.4 and $5.1 million per
year in operational costs for pumping and treating water by improving its urban forestry
program (Foster, Lowe, Winkelman).

Economic benefits
Using green infrastructure provides tremendous savings for a community. Often GI
is less expensive than traditional hard infrastructure approaches, but is sometime higher
than conventional infrastructure approaches (EPA 2007a).1 For example, implementing
a green streets program is far cheaper than expanding the sewer system to move an
increase in stomwater citywide rather than just reducing the flow in the combined
sewer system. Also, building a new water treatment plant to clean stormwater, in
addition to sewage, is very costly and it would be cheaper to infiltrate stormwater
rather than unnecessarily treat clean water. It is estimated that in Houston, TX, trees

1

There is a wide range in savings for GI and LID project, which is due to the size of the project
(neighborhood city‐wide, watershed), extent of the project, regional climate, and percentage of
urban tree canopy and average rainfall. Therefore, it is difficult to compare the cost savings
between cities.
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provide $1.3 billion per year in stormwater benefits to the city (based on replacing the
cost of $0.66 /cubic foot of stormwater storage). Other cities have also calculated trees’
stormwater benefits ‐ Atlanta, GA trees provide $833 million and Austin, TX trees
provide $122 million in stormwater benefits (Foster, Lowe, Winkelman).
Some cities have decided against expanding water treatment plants or filtration
plants because of their high cost. New York City decided in 1997 to not construct a new
filtration plant that would have cost $6 billion to build and $300 million to keep in
operation. Instead they decided to spend $1.5 billion over a ten‐year period to improve
the Catskill Watershed forest protection program which helped to purify the drinking
water for a lower price (Foster, Lowe, Winkelman; The Conservation Fund 2011). In
Pensacola Bay, FL over a three‐year period, 15 acres of protected coastal wetlands
provided a cumulative value for hurricane and storm protection of $1.3 million in
avoided damage to roads from storms (Foster, Lowe, Winkelman). In 2007, the EPA
conducted a study to compare the cost savings of different LID projects to one another
and to traditional infrastructure projects. The EPA found that there was a capital cost
savings ranged from 15 to 80 percent when LID methods were used (Table 5) (EPA
2007b).
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Table 4 Cost comparison between conventional and LID projects(EPA 2007b)

GI is also a good investment for attracting residents and tourists. Several partnering
organizations in Northwest England conducted a study “The Economic Value of Green
Infrastructure” that outlined how GI can promote economic growth. In Northwest
England the environment generates approximately £2.6 billion in Gross Value Added
(GVA), and supports 109,000 jobs. The value of the forests in the UK for recreation is
around £400 million. In addition, their analysis showed that residents in suburban areas
are willing to pay £7,680 more when buying a house for a view of a forest (NWDA and
Natural England 2011), where the average price in the region is £158,434, which is 5%
more (BBC 2011).
GI can be more cost effective when proactively planned. For example, it is less
expensive to avoid building in floodplains than to build expensive dikes and levee
systems. Even with such systems, major flooding can cause up to $4 billion a year in
damages according to U.S. Army Corp of Engineers (Benedict, McMahon 2006).
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04

ADDRESSING AGING INFRASTRUCTURE +

CLIMATE CHANGE
As demonstrated, there are many benefits of incorporating GI into our communities,
but why do we need it? Addressing aging infrastructure, mitigating climate change,
making environmental improvements and promoting health are all valid reasons why
local, state, and federal programs should promote and adopt GI. In addition to the
environmental and health benefits previously discussed, aging infrastructure and
climate change present challenges that GI can help address.

Aging infrastructure
Many reports have documented problems with our aging infrastructure and urged
corrective action (ASCE 2011b, APA 2010, ASCE 2010). Recent high‐profile
infrastructure disasters include the failure of the levees in New Orleans (2005) and the
collapse of I‐35W in Minneapolis (2007). The 2009 Report Card for America's
Infrastructure gave the US’s critical infrastructure system a “D” overall for all types of
infrastructure and estimated that a five‐year investment of $2.2 trillion is needed (ASCE
2011b). This is a result of continuous deferred maintenance and disinvestment in
infrastructure at both the federal and state levels. Despite the attention given to this
issue, the US government in 2009 cut infrastructure spending, including $1.4 billion from
the Clean Water State Revolving Fund and $430 million from the Federal Transit
Administration’s New Starts program (ASCE 2011a). In addition, there are many
combined sewer and stormwater overflow systems that are outdated, are not
performing effectively, and need to be separated. This condition provides an important
opportunity to incorporate green infrastructure (through low‐impact development) in
new urban stormwater systems.
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With the increased need to replace the aging infrastructure, there is an opportunity
to improve, rethink and redirect money for infrastructure projects. Green Infrastructure
is one way to help address the problems of our aging networks, improve environmental
quality, and find solutions to make our communities more livable.

Climate change
Climate change provides yet another reason to invest in GI projects. In most
regions, climate change is expected to cause longer and hotter heat waves, more
harmful storms and storm surges, increased river flooding, increased frequency and
intensity of combined sewer overflows (CSOs), more extreme and extended duration of
droughts, and water supply scarcity. These changes will affect urban and rural areas,
therefore versatile solutions are critical.
Many of the GI techniques that have been mentioned can also help address climate
impacts. For example, riparian buffers can assist with flood control; rain gardens,
bioswales, green roofs, and downspout disconnections help redirect water away from
combined sewer systems. Several local governments are already adopting GI as a way
to hedge against climate change risks (Foster, Lowe, Winkelman). Efforts that provide
both climate adaptation and mitigation benefits can provide economic benefits as well.
For example Chicago’s urban forest carbon sequestration rate is 25,200 tons/year
equivalent or a value of $14.8 million/year based on an estimated market value for
carbon (Foster, Lowe, Winkelman).
A recent study by Gill, Handely, Ennos, et al (nd.) demonstrates how we can adapt
cities for climate change and the role GI can play. Through a series of case studies that
use energy exchange and hydrological models, they showed how surface temperatures
and surface runoff will be affected under current and future climate change scenarios, in
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relation to GI. They found that GI ‐ including parks, street trees, and private gardens ‐
will become more valuable with climate change since it will help with cooling,
stormwater absorption, and reducing solar heat gain in buildings. When possible, they
recommend that open space be strategically planned in order to meet the community’s
climate change adaptation needs (e.g. flood control by improving riparian buffer). This
study demonstrates the importance of modeling to help identify what is happening and
what interventions are needed to make positive changes to assist with adaptation.
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METHODOLOGY
This thesis consists of a series of case studies to explore the concept of using
landscape as infrastructure, what has been called green infrastructure. Together the
case studies, along with the literature review, aim to answer the following questions:
How are communities incorporating landscape into infrastructure design
at large urban scales? What are the important characteristics that help
make projects successful in terms of providing social, environmental,
economic, and aesthetic benefits?
This question is explored through case studies, interviews, and results, as discussed in
the two sections below.

01

CASE STUDIES + INTERVIEWS
Preliminary research identified potential case studies (shown in Appendix A) that

reflected a wide range of types and scales of current green infrastructure projects from
cities across the US. The case studies were selected for this thesis based on the
following criteria:
 Scale: Multi‐site initiative at the scale of a neighborhood, city or
metropolitan region (cannot be a single site)
 Goals: Combines environmental goals with a community benefit
 Location: Must be in a major city in the US or Canada
 Intervention: The intervention must be part of a large system, which means
the site must be in some way connected to other sites, and also have a large
scale consequence that is determined by the intervention scale
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 Planning: Must have a written plan or guiding document that was created
through a community, city or regional initiative
 Status: Completed project or in progress
 Categories: Case studies can come from the following categories:
stormwater, constructed wetland, habitat conservation, watershed
restoration, low impact development, Brownfield/contaminated sites
 Recognition: The project must have received national or academic
recognition in the form of media and/or awards.
There were many projects identified that show how the landscape can be used in
infrastructure design at large urban scales, and it was important to select projects that
are well known and well documented. After identifying both past and current projects
that met the criteria the following were selected:
1. The Back Bay Fens in Boston’s Emerald Necklace was selected to provide a
historical example of using green infrastructure for flood control;
2. Portland’s Sustainable Stormwater’s Green Streets program was selected to
show to show a citywide approach for managing stormwater using rain
gardens, and
3. The Atlanta BeltLine’s multi‐use path demonstrates how alternative
transportation and park infrastructure are also part of green infrastructure.
Based on the results of initial research, prospective interviewees were identified and
interview questions on the following topics were drafted:







History
Planning + Design
Environmental Considerations
Implementation + Funding
Management + Use
Future Plans
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This structure was used for all interviews conducted in regard to the contemporary case
studies evaluated in this thesis. In addition, this structure reflects what is necessary for
all projects to become a reality, and without one of these components the project
would not happen or be a success. Questions were tailored to fit the role and
background of each interviewee. The questions were sent in advance to interviewees
who were interviewed during site visits to Portland, Oregon and Atlanta, Georgia. Four
of the interviews conducted were done in person and one was conducted by phone.
The complete lists of questions can be seen in Appendix B. Note that in the case of the
Portland Green Streets initiative, the primary interviewee took the initiative to forward
the interview questions to other staff members and compile their responses. Since the
Back Bay Fens is a historical example, no interviews were conducted and research relied
on books about the history of the site, the new master plan and the web sites of a
number of reputable organizations.
Information collected through interviews was complemented through additional
review of the implementing organizations’ websites, design firms’ websites, news
articles, and published reports and plans. Results can be seen after the case studies.

02

RESULTS
After completing the literature review and the case study work, key features that

made all the case studies a success were identified, and interviewee perspectives on
success factors were discussed. From these, six key characteristics were identified, as
examined in the case study chapters. Key characteristics informed the development of
recommendations for planners and non‐profits.
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flood control

Back Bay Fens
LOCATION
PROPONENT
LANDSCAPE ARCH
NON‐PROFITS
SITE PROGRAM

SITE PROGRAM
SIZE
TIMELINE
WEBSITE(S)

Boston, Massachusetts
City of Boston, Boston Park Commission
Fredrick Law Olmsted
Emerald Necklace Conservancy (current manager)
Original: storm and flood water retention, sewage
interception, improved drainage, walking, horse
carriage, viewing, passive recreation
Present: walking, biking, tennis, baseball, gardening
130 acres
started in 1878 and completed in 1895
www.emeraldnecklace.org

INTRODUCTION
Using the urban landscape as infrastructure is not a new concept ‐ it was just
forgotten for a while. We can learn many lessons from Fredrick Law Olmsted, the father
of American landscape architecture, from his influential work in shaping the Boston
parks system. Olmsted’s Back Bay Fens (the “Fens”) is an example that dates back to
the 1880s that combines the ideas of landscape, flood control, sanitation infrastructure
and transportation. The purpose of the improvement of the Fens was to control
flooding and the tidal action of the Charles River, while creating a park with the
appearance of a salt marsh. The tidal control aspect of the Fens has not been functional
since 1910 when the Charles River was dammed. The original grasses and plants
selected for brackish water have been replaced by freshwater vegetation. But the site
was also intended for leisure and carriage transportation along its periphery, therefore
it has been resilient to change since features of its park aspect survive from the original
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design. Olmsted understood the importance of connecting different ecological and city
functions (e.g. transportation and flood control) both on a site and in its context within
the city; unfortunately these concepts and holistic thinking were forgotten for most of
the twentieth century.

HISTORY
In the early 1800s the City of Boston was experiencing extreme overcrowding on the
Shawmut peninsula (present day downtown Boston). The 1,000‐acre Shawmut
peninsula was home to 150 people per acre in 1850, of which many were poor
immigrants (Newman and Holton 2006). As was common practice then, the
neighborhoods adjacent to the Back Bay discharged their sewage directly into the Bay,
which was supposed to be cleaned by the tides twice a day. However, tidal action had
been reduced considerably by the construction of a mill dam along present day Beacon
Street and railroad causeways crossing the Bay. Consequently, the unpleasant odor of
raw sewage peaked twice a day at low tide in the Back Bay (Poole 1997). The pollution
was thought to cause the fatal diseases that were happening nearby, as well as flooding,
exacerbated by inadequate tides and poor drainage on the peninsula. It was clear that
something needed to be done to address these problems.

Figure 4: Back Bay from the State
House, 1857
Source: Boston Athenaeum photograph,
in Walter Muir Whitehill. Boston: A
Topographical History
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The idea to fill the Back Bay (adjacent to the present day Fens) started in the 1840s,
and by the 1850s, the 450‐acre Back Bay landfill project was underway. This initiative
was led by city and state leaders who wanted to improve the sanitation and flooding
problems and create valuable real estate, primarily to keep the wealthy Protestant
families in Boston (Newman and Holton 2006). In addition, in 1866 the City and
Commonwealth approved the construction of a sea wall to protect the Back Bay from
the mud flats further west where the Stony Brook (flowing from Roxbury) and Muddy
River (flowing from Brookline) would continue to receive sewage (Poole).
The area of the present day Fens had similar problems to the Back Bay including
sewage, inadequate tides and poor drainage, which were also causing health problems
(Zaitzevsky 1982). Unfortunately, filling the Back Bay caused a new problem: the open
Back Bay had been a natural floodplain for the Muddy River and Stony Brook; therefore
as the Back Bay was being filled, the Fens area was flooding. A radical idea was
proposed by the City to create a stormwater park to prevent flooding in the new Back
Bay neighborhood (Newman and Holton 2006).
In May 1875, the Boston City Council passed a Park Act which allowed the Park
Commissioners to propose and fund the creation of a park system. The park
commissioners proposed a system of connected parks and parkways throughout the
city, which they justified by pointing to issues of overcrowding, economic growth
opportunities, and improved sanitation (Zaitzevsky). In June 1878 the commissioners
asked Olmsted to be their professional advisor for the new park system. Olmsted had
already been casually involved with the planning of Boston parks and was familiar with
issues in Boston and the surrounding area. Olmsted spent three years studying the site
in order to propose a design. He advocated for a linear park system, which became the
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Emerald Necklace, which would provide access to a large number of residents. The park
commission held a competition for a new parks plan where there were 23 entries.
However, the winning design was not accepted by the public and the press. Therefore
the commission asked Olmsted to design the parks (Zaitzevsky). Planning for the
Emerald Necklace started that same year, in 1878.
The Back Bay Fens is a part of the six‐mile Emerald Necklace park system, which
consists of pedestrian paths and connecting parkways over 1,000 acres. The Emerald
Necklace connects the Charles River to the Arnold Arboretum and Franklin Park, which
are the jewels of the park system. The linear park system includes both active and
passive recreation areas, which serve as a place to escape city life and to experience
nature.

Figure 5: Map of the complete Emerald Necklace as designed by Olmsted.
Source: http://memory.loc.gov/ammem/collections/landscape/emerald.html

PLANNING + DESIGN
As a result of the continuing and new problems of sewage and drainage near the
new Back Bay neighborhood, additional intervention was needed. The City of Boston
had already begun thinking of the Fens as Stormwater Park in the 1870s and two
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extremely different designs were proposed. Boston’s city engineer Joseph P. Davis
created a plan for a conventional masonry storage basin in the park. Olmsted proposed
a design that would use the landscape as infrastructure that retained some of the
original landscape characteristics of the Fens, but would be an interesting marsh that
people would accept as part of the park system (Poole 1997). In the Park Commission’s
1880 annual report, Olmsted published his lithograph plan showing a meandering water
course; similar to what is found in natural salt marshes. On the edges of the park, trees
were planted to line the site’s borders. A water gate was located at the Charles River
that would regulate the ebb and flow of the tide (Zaitzevsky 1982).

Figure 6: Map of the Back Bay Fens from 1879.
Source: http://architecture.mit.edu/class/city/projects03/the_fens/improvementplan.jpg

Construction of the Emerald Necklace began with the Back Bay Fens in the present
day Fenway‐Kenmore neighborhood, making it the oldest part of the park. The Emerald
Necklace was designed as a pleasure ground for the residents living nearby. In contrast,
the Fens’ design was not what people, including Olmsted, considered to be a park.
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Particular attention to flood control from the Muddy River and Stony Brook was needed
to prevent the new Back Bay brownstones from flooding. The design’s focus was on
sanitary improvements which included a 36‐acre storage basin for stormwater from
Stony Brook, which would restore the salt marsh. An additional 20 acres of the Fens’
natural ponds had the ability to hold excess stormwater during floods. The Fens basin
was a mixture of brackish water from the Charles River Estuary and fresh water from the
Muddy River and Stony Brook; and the salinity would vary depending on the tide.
Therefore, the plants in the storage basin were selected for their ability to survive in
brackish water in the salt marsh2 (Zaitzevsky). Over time the fresh water would slowly
be released into the Charles River.

Figure 7: Image of the Back Bay Fens from around 1882.
http://2.bp.blogspot.com/_Ymx9e66vrGc/TNo8kH9j1mI/AAAAAAAANAg/75lIXzLQoZE/
s1600/110026r.jpg
Figure 8: Dredging the Fens
Source: www.nps.gov/nr/twhp/wwwlps/lessons/86bostonparks/86visual3.htm

The Fens stormwater basin was created by dredging mud between two to five feet
in parts of the park, particularly around the mouth of Stony Brook, and then by filling
other sections. Following this, 3.5 feet of gravel from Needham (located nine miles to
the west of the Fens) was spread on top, in order to help drain the land and stabilize the
surface for the new marsh layer (Zaitzevsky). The water basin was eight feet deep
preventing aquatic plants from taking root, which was the thought among engineers at
2 Today the water in the Fens is fresh water. The Charles River was dammed in 1910, and was no longer tidal therefore
no salt water enters into the Fens.

45

the time. Approximately half of the site was for recreation purposes, which included
foot paths along the border of the Fens and a bridle path parallel to the park.
Gatehouses were designed for the site, including Muddy River and Stony Brook
gatehouses.

ENVIRONMENTAL CONSIDERATIONS
Back Bay and the Back Bay Fens were part of a tidal marsh located within the
Charles River Estuary where there was a high tide twice a day. The receiving basin of
the tidal river extended from Charles Street to Kenmore Square to Columbus Avenue,
and into the Fenway. During low tides, the Charles River, Muddy River, and Stony Brook
flowed across exposed Back Bay mudflats, in broad shallow channels covering grassland
and exposed Boston blue clay. During winter thaws, ice jams occurred in stream
channels. Food control in the Back Bay was also a big problem for the Muddy River and
Stony Brook, which drained several thousand acres of Roxbury, Dorchester, and
Brookline (Newman and Holton 2006). Every ten years, the lowlands of Roxbury would
flood (Fabos, Milde, Weinmayr 1968). It was apparent that something had to be done
and it was clear that the City needed to take action.
Olmsted’s design of the Fens around the Muddy River attempted to address the
drainage problems that the city was experiencing. This included controlling the tides in
the city, creating a temporary storage pond during heaving rains, addressing run‐off for
Stony Brook, burying sewage interceptors and reducing health hazards. The Back Bay
and Fens were filled with sand and gravel to control these issues. As part of Olmsted’s
1879 design, he proposed to dig a deep and winding channel for the Muddy River that
would allow the tidal water to fluctuate (Zaitzevsky). The banks were stabilized with
plants that could handle brackish water. The Fens were functional for 15 years before a
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dam was built across the Charles River in 1910. As a result the water changed from
brackish to fresh and the original planting could not survive.

IMPLEMENTATION + FUNDING
Olmsted and his firm oversaw the design and construction of the Fens and the
Emerald Necklace. The cost was not more than $450.00 for the 130‐acre Fens site,
which was 10 cents per sq foot (Olmsted 1886), which was financed by the Boston Parks
Commission. The filling portion of the Fens project took six years to complete (Poole).

MANAGEMENT + USE
Today the Emerald Necklace Conservancy is the primary operator of the park
system, and works with the City of Boston, the Town of Brookline and the Department
of Conservation and Recreation on projects where staff members, monthly volunteer
days, the Youth Leadership Program and the youth Green Team keep the park system
maintained. Throughout the year there are programs on the site including: concerts
and movies in the summer, tours, plays and community events.
The original design of the Fens has been extremely altered over the years. At
present there are two baseball diamonds, two basketball courts, a Victory Garden (built
in 1941) and the Kelleher Rose Garden located on the site. In 1910, the Charles River
was dammed, which changed the water from brackish to fresh and Olmsted’s plantings
could not survive. Therefore, the design intention of the site for flood control is
obsolete. In addition, invasive species such as Phragmites, Japanese knotweed and
purple loosestrife have moved on site (Commonwealth of Massachusetts 2001). Despite
all the changes to the site, the Fens is still heavily used by pedestrians and community
gardeners.
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FUTURES PLANS + RECOMMENDATIONS
Today the Fens is lined by walk‐up townhouses, large apartment buildings, and
cultural and educational institutions (e.g. Museum of Fine Arts, Isabella Stewart Gardner
Museum, Simmons College and Emmanuel College). Fenway Park is located a few
blocks to the north. As previously stated, there have been many changes to Olmsted’s
original design including the addition of the Kelleher Rose Garden and athletic fields.
Even today flood control in the Fenway neighborhood continues to be a problem. In
1996 three floods along the Muddy River caused damage to residents, businesses and
the Massachusetts Bay Transport Authority (MBTA) stations in Brookline and Boston
(Commonwealth of Massachusetts). The Emerald Necklace Conservancy responded to
the urgency of this problem by creating the “Emerald Necklace: Master Plan” in 2001.
This document includes many recommendations to address erosion, storm damage and
neglect over the years, with a particular focus on the restoration of the Muddy River.
Improvements to the Fens must address water quality and improve drainage
(Commonwealth of Massachusetts). Removing the invasive species and restoring the
sides of the ponds with diverse plantings (e.g. water plants, wetland species, shrubs and
trees) is also a high priority (Commonwealth of Massachusetts, MMOC 2011b). In
addition, enhancements were recommended to improve both on‐site and off‐site
circulation along with structural repairs to the buildings on site.
Improvements to the site will not necessarily make it resemble the original park
designed by Olmsted. The physical conditions of the site and water have changed too
much for a restoration project to be feasible. However, a new design can incorporate a
similar philosophy of natural setting design and passive recreation that is reflected in
the other parks in the Emerald Necklace. Olmsted’s ideas of using the urban landscape
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as infrastructure are beginning to reemerge in modern planning and design, a testament
to the enduring quality of his vision.

Figure 9 (top): Back Bay Fens near the Museum of Fine Arts.
Figure 10 (middle): Pedestrian bridge at the Fens.
Figure 11 (Bottom): Rose Garden looking towards the Prudential Center.
Photo Credit: Michelle Moon
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Portland Green Streets
PROJECT
LOCATION
PROPONENT
AGENCY
LANDSCAPE ARCH
NON‐PROFITS
SITE PROGRAM
SIZE
TIMELINE
WEBSITE(S)

Sustainable Stormwater Management: Green Streets
Portland, Oregon
City of Portland, Bureau of Environmental Services (BES)
Bureau of Environmental Services (BES)
Bureau of Environmental Services (BES)
n/a
Stormwater infiltration
1,000 green street facilities
1989 to present
www.portlandonline.com/bes/index.cfm?c=34598

INTRODUCTION
Portland is well known for its progressive urban and environmental planning, in
addition to its rainy weather. Therefore, it is no surprise that that there is a progressive
program to manage stormwater issues in the city. The City of Portland’s Sustainable
Stormwater Management initiative dates back to 1989 when the first retrofit green
stormwater facility was built. The initiative takes a multi‐disciplinary approach that
involves landscape architects, civil engineers, transportation planners, city planners,
department heads, and watershed managers to create a new type of infrastructure that
uses the urban landscape. As a result of the efforts by several city departments and
offices the program is well known nationally.
The Bureau of Environmental Services (BES or the Bureau) is the primary agency
that oversees the Sustainable Stormwater Management program. BES is responsible for
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water quality protection, watershed planning, wastewater collection and treatment,
sewer installation and stormwater management. BES’s Sustainable Stormwater toolbox
consists of projects including green streets, green roofs (i.e eco‐roofs), rain gardens, and
bioretention areas. As a result of their work, BES has gained considerable knowledge
about sustainable stormwater management and now has a large portfolio of projects.
This is useful not only to improve their own system but also to show visitors, from other
cities and internationally, who are interested in implementing similar programs. Today
the City is considered to be an expert on green infrastructure.

Figure 10: A collection to photos of green street facilities in both parking lots and along streets.
Photo credit: Michelle Moon
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Although BES has several programs as part of the Sustainable Stormwater
Management initiative, this case study will focus primarilyparticularly on the Green
Streets program. The Green Streets facilities are vegetated swales found in the
landscaped areas of parking lots, curb extensions along residential and commercial
streets, and near the downspouts of buildings, which help handle runoff from
impervious surfaces (examples shown in Figure 11). Together these 1,000 facilities
address stormwater issues, improve water quality, replenish groundwater, create
attractive streets, improve neighborhood livability, and improve pedestrian and bike
access. The goal of the Green Streets program is complete (or at least substantial)
infiltration of stormwater at the facilities. Two of their best known sites are the NE
Siskiyou and the SW 12th Avenue; both have won awards from the American Society of
Landscape Architects (ASLA). In addition, there are several sites that include public art,
which serves both practical and aesthetic functions, as well as makes rainwater more
fun (Figure 12). This chapter will examine the history of the program, the planning and
design process, environmental considerations, the implementation and funding
structures, management and use, and future plans for the program.

Green
Streets

Sustainable
Stormwater
Management
Ecoroofs

Figure 11: The two programs that comprise the Sustainable Stormwater program at BES.
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HISTORY
In 1989 the first green stormwater facility retrofit for was at Leach Botanical
Gardens in Portland. Then in 1990 the first new stormwater facility was constructed in
the parking lot at the Oregon Museum of Natural History (OMSI). These operational
projects were taken on by BES, the Parks Department, and OMSI. The idea behind these
projects was to mimic natural systems using the urban landscape to address
environmental issues rather than directing stormwater into the combined sewer system
(CSS). Bioswales, also known as a swale or infiltration facility, collect water from
impervious surfaces into what appears to be a natural landscaped area. The soil,
microbes, and plants treat the pollutants and then the water infiltrates directly into the
ground. Locations for swales are typically on the sides of streets and in parking lots. BES
saw great potential in using this technique and implemented it at other test sites in
Portland during the 1990s. The program is now 22 years old (in 2011) and has provided
BES with a great deal of understanding about the Best Management Practices (BMPs)
for the implementation of green stormwater technology (BES staff 2011) .
In Portland urban stormwater had been polluting rivers and streams, and had also
contributed to problems with combined sewer system (CSS) into the Willamette River
(BES 2005). The program started in part as a response to the NPDES MS4 Discharge
Permit (National Pollutant Discharge Elimination System (NPDES) Municipal Separate
Storm Sewer System (MS4) Discharge Permit) that is issued by the state to address new
water quality policies. After testing the performance of the pilot sites, BES developed a
list of regulatory requirements and green stormwater BMPs to demonstrate how their
program meets State regulations (WERF2009).
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Dean Marriott, Director of the Sustainable Stormwater Program, authorized a few
green stormwater projects as test sites (BES staff). Projects were constructed only in
communities that had support for the project, but this early community buy‐in helped
to gain more support when the project went city‐wide (Drennan 2011). Some of the
first projects include eco‐roofs at Hamilton Apartments (1999).
In the 1990s, an inner‐bureau group, Stormwater Advisory Team (SWAT), was
created that included BES, the Portland Development Commission (PDC), the Bureau of
Planning (BOP), the Parks and Recreation Department (Parks), the Bureau of
Transportation (PBOT) and the Portland Water Bureau (PWB) (BES staff). Together
SWAT addresses conflicts, changes and challenges for the program. BES is the leader of
the Sustainable Stormwater program since they have a stable revenue stream and the
program is consistent with the agency’s mission. Another group called the Stormwater
Policy Advisory Committee (SPAC), which includes stakeholders from landscape
architecture, architecture, engineering, institutional organizations, and the stormwater
treatment industry, was created in 1996 to offer input on stormwater issues. SPAC
developed policy and code statements that then became the “Stormwater Management
Manual” (BES 2004a).
The first green street retrofit, constructed in 2004 on NE Siskiyou, was designed by
Kevin Robert Perry, ASLA BES, and received the General Design Honor Award from ASLA
for in 2007. The ASLA Professional Awards Jury stated that:
Short, sweet, and simple, this is a great example of stormwater management in
residential settings. It gains a lot of environmental mileage for very little and sets a
prototype for designers, policy makers, and neighborhoods. It works on every level,
even traffic calming, and it even looks great with the existing landscape (ASLA 2007).
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As a result of the attention it garnered, this particular site helped BES to continue to
gain momentum with which to undertake other projects (discussed in detail under the
design section).
In 2007, a Green Street resolution and official policy was approved by Portland’s City
Council to allow the use of green streets facilities in both public and private
development (BES 2011e). This means that the City‐funded development,
redevelopment or enhancement projects have to incorporate green street facilities. In
addition, this signals that the City views green streets as a valuable part of the city’s
infrastructure (City of Portland 2011). BES’s “Stormwater Management Manual”
outlines the City’s policy, site design, operations and maintenance, and pollution
concerns in order to help private owners and city agencies meet the new policy. Since
2007, many projects have been started and completed and other projects are underway
such as the Division Streetscape Project (from SE 10th Avenue to 39th Avenue) which
will add 1.6 miles of green street facilities (see “Future Plans” section below).

Figure 12: Public art is incorporated into many of the green street facilities.
Photo Credit: Michelle Moon
55

PLANNING + DESIGN
The Portland Green Streets program currently consists of 1,000 facilities overseen
by the Bureau throughout the city. In addition, there are 600 more facilities under
private ownership, many of which the Bureau will eventually take over after completing
performance inspections. The goal of Green Streets is to directly infiltrate the
stormwater rather than having it go through the CSS, and if that’s not possible then aim
for partial infiltration. Approximately half of the site designs are done by BES. The
process typically involves a stormwater modeler, two engineers, two designers, and one
outreach person. The other half of the designs is completed by design firms and the
Bureau of Transportation (PBOT) (Drennan 2011). A separate but related program is the
Downspout Disconnection program that has been disconnecting downspouts from
impervious surfaces and redirects water to flower beds and lawns since 1993.
Green Streets techniques take the form of swales for stormwater in curb extensions
(retrofits or new construction), stormwater facilities in parking lots (swales and rain
gardens), infiltration basins, and stormwater planters at ground level (commonly on
sidewalks).

Design
The overall goal for the larger design concept of a sustainable Green Streets
Program is to create a new system to handle stormwater that attempts to mimic natural
systems. The Green Streets Program is installing swales throughout the city to help to
imitate what would happen in a natural setting. Green streets facilities are typically
located adjacent to sidewalks, at the corner of street blocks and at the center of the
block. They are called “bulb‐outs” which contain bioswales for infiltration (also known
as stormwater facilities) (Figure 13). These bulbs‐outs help to improve pedestrian
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circulation since they decrease the street crossing distance and slow vehicular traffic.
The redesign also brings the curb‐cuts to ADA standards. The facility locations are
selected at the low points of streets (with a minimum of 1% grade) since this the best
spot to capture a significant portion of rainwater, and is located uphill of catch basins
where excess stormwater can enter the CSS. The locations are determined by hydraulic
modeling, and are often located near existing stormwater drains. The public is heavily
involved in the process: their local knowledge about the street is very valuable since the
designer and engineers may not have been aware of a particular issue. As a result, the
designs are a team effort, but most of the responsibility for the work is taken on by the
engineers and landscape architects (BES staff).

Figure 13: Green Streets facility
Source: BESwebsite
Figure 14: Downspout rain garden.
Source: BES website

Sometimes the ideal location cannot be used because of driveways, parking issues,
old street beds made of concrete, and large underground pipes. However, the BES has a
process do deal with these situations to find a solution. If the facilities’ goals cannot be
met, then other solutions such as installing larger pipes, and perforated pipes (a pipe
with holes to allow water to infiltrate) are also considered (Drennan).
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The most common green street design is a bulb‐out with a swale where vegetation
slows, filters, and infiltrates stormwater. Rock dams and check dams are placed near
the inlets to help slow water flow and prevent erosion. There are two types of facilities:
one with a flat bottom and one similar to a trench design. The trench‐like design has
plants on the trench’s bottom that can handle more water and the upland section has
plants that prefer drier conditions. The design is selected based on the water infiltration
needs and size of the site (Drennan). Samples of different designs can be seen in Figures
13 and 14. The size of the site depends on the volume of infiltration that is needed for
the street. The facilities are designed for a 20‐year storm, and any overflow will go into
the catch basin. Also, at a few facilities there are rock galleries beneath the soil to
improve water infiltration during high volume storms (BES 2010b).
Since many of the sites are located on the street, BES tries not to eliminate any
necessary parking. Typically this is not an issue since many of the sites are in residential
areas with single family homes where off‐street parking is plentiful. Over the years BES
has had problems with parking along the curbs since they only planted the side of the
bulb‐outs facing on‐coming traffic. Now BES plants both sides of the bulb‐outs to
prevent parking issues. In addition, BES tries to use consistent designs to help drivers
easily understand and recognize green street facilities (Drennan).

Community outreach
A crucial part of the success of the Green Streets program has been consulting and
interacting with people in the neighborhoods. From the beginning of the program the
public has been heavily involved in the Green Streets projects. Often community
members have strong opinions about what is happening since they will have to live with
the design on a daily basis (Drennan).
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CIP projects
BES requires public notification and a public process for all their projects. At 30%
design, the community is notified since at this point BES knows enough about the
conditions to talk with the public, and BES will begin running the first hydrologic models.
A Capital Improvement Projects (CIP) notification is mailed to nearby property owners
and fliers are distributed to neighbors within the project area. Next BES addresses all
comments and includes them in the information packets about the project. At 60%
design, a notification is mailed to any additional property owners that may have a
facility adjacent to their property with the new design and BES notifies any past
potential owners about any changes to the design. At this point, survey crews paint an
outline of exactly where the facilities will be, fliers are sent to all the neighbors, and a
planting packet is mailed. After this has been completed all comments are addressed
and then added to the project materials. In the preconstruction, construction, and post‐
construction phases additional fliers are sent to the neighbors to let them know what is
happening and send a final survey (BES staff).
Small projects
A similar process is used in residential communities where the project is not a large
scale Capital Improvement Project (CIP). Design packets with plants and four designs
are mailed to the residents living within a few blocks of the sites. The plants, including
perennials, bulbs and trees, are taken from the Bureau’s approved plants lists along with
four potential designs for the street. The residents then vote on what they would like to
have installed. These surveys typically receive an 80%‐95% response rate, which is
considered exceptionally high for mailed surveys. Community input varies: sometimes
residents are not happy about the possibility of a site in front of their house, while
others are thrilled. However, throughout the process the Director of Community
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Relations talks with residents to listen to their concerns and educate them about the
project. When there are objections to the project, BES tries to address and overcome
the community’s issues. If it is not possible then they move on to the next project
(Drennan).
Large projects
In contrast with CIP and smaller projects, community opposition cannot stop large
projects, such as the two‐mile improvement to Division Street. Typically these projects
consist of 12 to 100 new stormwater project elements in addition to an underground
pipe work. In these cases the project team and outreach specialists work with the
community to overcome their concerns. However, sometimes this not possible and the
project still needs to move forward (BES staff).
Community participation + input
Part of BES’s public outreach strategy is to host open houses and community
meetings, and send educators to do school outreach. Community planting days allow
residents to actively participate in the creation of the new stormwater facilities and
typically draw a strong turnout among residents of all ages. The Bureau sets aside two
facilities for planting in case there are more people than they expect. The City has
found that as a result of community members’ involvement throughout the design
process, communities accept the facility, gain a sense of ownership, help to watch over
and maintain it, and report any problems (Drennan).
Rhetta Drennan, BES Director of Community Relations, emphasizes that when
installing green streets, BES leaves behind something that neighbors, businesses, and
industry will interact with on a daily basis. For this reason, the project managers do not
want people to be reminded of a bad experience with the City. This is different from
traditional grey infrastructure where, for example, after a pipe has been installed
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everything still looks the same. It is important to give the community choices and make
sure the Bureau also considers their input. Therefore, it is very important to Drennan to
engage the communities starting at 30% design to help them feel involved, gather local
knowledge and incorporate ideas into a functional design that everyone is happy with.
There are many other community leaders that travel to Portland to lean about the
Green Streets Program. Drennan’s main recommendations for communities interested
in similar projects include:





Start the program on a volunteer basis with groups to gather support and
increase public awareness.
Educate the public citywide, and look for opportunities early on.
Consider all options and really do this. It is important for the agency to consider
all the options and not just go with what is standard.
Select plants that are suitable for the climate can infiltrate water and remove
pollutants. The sites will not function if the wrong plants are chosen.

Hopefully other cities nationally and internationally can learn from Portland.

Problems + concerns
Some of the typical planning and design problems that the project faces include: 1)
abandoned driveways, 2) filling in the facilities on private property, 3) site not
performing as expected, and 4) gaining support from all government agencies. For
example, sometimes there are old driveways that have been abandoned or new ones
that are planned by the current property owner. If the owner is planning to build a
driveway they must file with BDS to demine whether or not it will be permitted by the
planning department. With abandoned driveways (e.g. ones that have a fence across it
or where only the driveway skirt remains) the owner must file with the city to show
their plans to actively use it and this process costs money, therefore this is usually not
done. If there is a problem with the facility location this is usually detected early on
since they are notified at the 30% design phase. These processes were determined at
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the beginning of the Green Streets program after meeting with city planners and
transportation planners and are now standard practice (Drennan).
Another problem is with new owners filling in the green street facility (e.g. using
concrete) on private property. Typically this happens when there is a new owner who is
not aware that the bioswale on his property is a Green Street facility. When this
happens the owner has to remove the concrete and replant the area with their own
money. BES is addressing this by informing realtors and putting the restrictions on
deeds (Drennan).
In a very few cases, green street facilities once built do not function as designed and
planned, and the City needs to put in a pipe to take the first flush to the CSS or
separated sewer system.
Lastly, The Portland Water Bureau (PWB) was extremely concerned about problems
with water infiltrating over the water pipes at the beginning of the sustainable
stormwater program. Initially PWD did not want any water infiltration within 10 feet of
a water pipe, which would have made the green street program not feasible. Despite
PWD’s initial reluctance, today they support the program and allow for infiltration over
most water pipes; however PWB still does have some concerns. For example, with the
current transportation and stormwater project on Division Street that involves complete
redesign from curb to curb, there is a cast iron water pipe under the street that is more
susceptible to breaking and cannot be disrupted during the construction process. BES,
PWD and PBOT are working together on the street design to incorporate green streets
and repair the street without damaging the cast iron pipe (Drennan).
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Environmental considerations
In the design of green street facilities, BES considers a variety of environmental
issues, particularly soil type, quantity of rain, and infiltration rate. In the Portland area
there is Multnomah‐Latourell‐Urban soil that contains well drained loams and silt loams
(Gateway Green Streets Master Plan). However, at the green streets facilities often the
soil is removed and replaced with a mixture of topsoil and compost: it is important to
start with quality to ensure the success of the facility. Another technique is to mix the
existing soil together with the new mixture (BES staff).
BES uses both native plants and climate‐tolerant non‐native plants that are water
and draught tolerant in the facilities. Plant selection is extremely important for water
infiltration and the longevity of the site. Therefore, landscape architects at BES have
compiled lists of approved plants for the green streets, eco‐roofs, and rain gardens. The
plants on the green streets lists must be appealing, climate tolerant, and able to thrive
in wet and dry conditions. The two most common types of plants include sedge (e.g.
slough sedge – native plant) and rush (e.g. Grooved rush, Juncus native plants). Rushes
are a particularly good plant for the lowest points in the facilities since their stiff
structure helps water pass slowly through the facility (BES 2005).
Other plants on the approved list include: red twig dogwood, spiraea, viburnum,
common camas, cranberry bushes, Oregon grape, Siberian and cannas lilies, nootka
rose, and Spanish lavender. Daylilies, tulips and daffodils are also on the list more for
their seasonal interest than their ability to absorb pollutants and infiltrate water. At
larger sites, trees are also planted (e.g. Blue arctic willow, sugar maple, vine maple)
since they have the ability to reduce runoff flow and can decrease stormwater volume
by 35% or more during small storms. It is important to use plants species that can
withstand a lot of rain in the winter and also dry summers. If the correct plants are not
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selected, the stormwater facility will not function (e.g. water will not be absorbed,
plants will die).
In BES’s projects, the plants and bulbs are selected by nearby property owners from
an approved list. Having the community select the plants has worked very well in
Portland and has helped to increase community buy‐in.
The green street facility sites are selected using computer models (PAC calculator or
XP‐SWMM model). The facilities rely on gravity to carry stormwater to the swales,
which are typically located at low points along the street, street corners, and near
existing storm drain (BES staff). The facilities are designed for the 20‐year storm and can
also handle droughts. At the present time there are no climate change models that
have been incorporated in the models and site designs. Since BES deals with
stormwater, water quality and CSSs, they follow environmental regulations such as
NPDES and obtain MS4 permits.

FUNDING + IMPLEMENTATION
BES installs many of the green street facilities in Portland. BES also frequently
partners with PBOT, especially when there is a large road construction project. Today
most of the facilities are built by PBOT since they are responsible for many street repairs
and improvements (Drennan 2011).
The cost of projects varies based on the green facilities location, size and the scope
of the project. For example, in 2005 the SW 12th Avenue Green Street (SW 12th and
Montgomery on the Portland State University campus) was built at the cost of $30,000
and is designed to capture and infiltrate 8,000 square feet of street runoff, which comes
to $3.75 per square foot of impervious surface managed (BES 2011f). In 2004, the NE
Siskiyou Green Street Project construction took two weeks and cost just $17,000 for the
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two 590 square feet infiltration sites that capture runoff from about 9,300 sq. ft. of
paved surfaces, (which equals $1.83 per square foot of impervious surface managed).
This site’s curbs extensions treat and infiltrate a large proportion of the runoff (BES
2005). Typically a green streets facility costs much less than a conventional stormwater
infrastructure. If the project is implemented by BES or PBOT then the agency
responsible finances the project and manages the construction process. For facilities
implemented on private sites, BES and PDC consult with the private developer to help
them install green stormwater facilities on site.
Most of the funding for Green Streets typically comes from BES, which receives
money from City Sewer and Stormwater fees. There are no general revenue funds used
for the BES Sustainable Streets program. BES was selected for overseeing the project in
the 1990s because of its relatively stable budget since its revenue comes from rate
payers’ Sewer and Stormwater fees.
There is also federal grant money and transportation money used for the program.
Outside funding sources include the Federal Highway Administration (FHWA) and the
Environmental Protection Agency (EPA) (Gateway Green Streets Master Plan, 2008).
Funding for a project may come from many different sources since the green streets
projects can be considered infrastructure, transportation, or water quality improvement
projects. For example, the Gateway Green Streets Project, a CIP project, (2008) is also
considering many different funding options for acquisition and construction. Funding
source ideas include: TIF funds, Development of an LID/EID, grants from Transportation
Enhancements and Transportation Community Systems and Preservation programs,
Watersheds Grant programs, and Safe and Sound Street Projects. With capital
improvement projects, the cost of the first two years of site maintenance is typically
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included in the project’s capital budget. After that, ongoing funding is provided through
the operation budget (Drennan 2011).
The City of Portland also has the “Grey to Green” program that started in 2008 to
expand stormwater techniques, including green streets, ecoroofs, and restoration of the
watershed and planting street trees. This is a five‐year $55 million investment by the
City to help implement the Portland Watershed Management Plan. There are many
goals for the program, including:
 Construct 920 new green street facilities
 Plant 33,000 new yard trees and 50,000 new street trees
 Create 43 new acres of ecoroofs
Every year agencies must apply to receive funding for projects which help meet the
agency’s goals, and the goals are set out in the Watershed Management Plan (BES
2011g). In the first two years of the program, 325 green street facilities were
constructed. This puts BES on target to meet its goal in the next three years (BES
2010a).

Implementation
Once the funding for the specific project has been identified the construction
implementation can start. Contracts for site construction are awarded by BES or PBOT
to contractors selected from an approved list. Many of the contractors have been
involved in similar projects over the years. BES assigns a site manager to visit the sites
to make sure that construction is proceeding according to the plan and address any
other issues that may arise. During construction, the sites of Green Streets facilities are
excavated or partially removed and tilled with a mix of sand, topsoil, and compost. New
additional curbs and curb cuts are installed, typically with concrete (Drennan).
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Residents receive fliers about what is happening at the preconstruction,
construction, and post‐construction phases and then a final survey about the project.
The construction period ranges from two weeks for small projects to a year for larger
projects of 10+ facilities. For example, the Division Street project is currently in the
implementation phase and isn’t expected to be completed until next year (2012).

MANAGEMENT + USE
BES currently monitors and maintains over 1,000 green streets facilities. There are
also 600 sites under maintenance by private owners that will most likely have to be
maintained by BES later on. From the very first project, BES realized that maintenance
considerations needed to be addressed from the start of the planning process.
However, it was not clear who was going to bear responsibility for maintenance: the
Bureau of Management or the Bureau of Transport or BES. BES was selected because of
its more stable revenue stream (Drennan 2011). However, the Parks Department also
assisted with some of the projects, such as NE Siskiyou St, for the first two years after
construction (BES 2005,Drennan) PBOT's Bureau of Maintenance is also responsible for
repairing facilities that have been damaged or are no longer functional (Frank 2011).
Today the maintenance companies’ contracts are through BES. Similar to
construction contracts, the Bureau draws from a range of sizes of companies and
matches project scale with company size. Many maintenance companies have been
involved with projects over the years (Drennan). Typically crews consist of two or more
people and maintenance takes about 15 to 20 minutes for two smaller facilities, which is
done as needed. Duties for the contractors include: trash removal, inlet cleaning,
weeding, trimming plants and plant replacement (BES staff). Part of the contractors’
duties is to perform the maintenance without the use of chemicals.
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BES also offers classes to help educate the contractors who build green streets. It is
in BES’s interest do this to help the contractors they work with understand the goals of
the Sustainable Stormwater program and to spread the word regionally. Classes are
held frequently and cover what plants to use, how to build a green street, and how to
navigate the permitting process. Contractors have been very receptive to these classes
and they fill up quickly. In addition, BES offers classes for nurseries on how to grow
plants for the facilities. These classes are also always full. BES also recognizes that there
is a need to train landscapers about green streets as well, since there has been a
problem with mowing sites and spraying chemicals on the facilities. Typically this
happens with sub‐contractors that were not involved in training and have not
communicated directly with BES. BES hopes educating landscapers will encourage them
to apply the landscaping practices to their other work as well. Indeed, BES has already
begun to see changes in landscaping practices throughout the city and region (Drennan).
BES also encounters many residents who are eager to help maintain the facilities
and water the plants. Until recently BES did not encourage residents to help with
maintenance under the assumption that they would not maintain the site properly and
then the sites would no longer function. However, because there is so much interest in
helping with the sites, BES is in the process of developing a stewardship program (BES
2011b, Law 2011).

Maintenance issues
The most common maintenance issues are clogged inlets and plants becoming too
large for the neighborhood aesthetics. Other issues include exposed soil, gullies, slope
slippage and ponding. In each case, the problems are noted by BES and the contractors,
and then corrected (BES 2011d). In addition, the green streets facilities with earthen
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checkdams (stone barriers as shown in Figure 10) are prone to erosion during heavy
storms (BES 2005). BES has observed this problem and tends to prefer the concrete
checkdams instead. Fortunately there have not been any issues of vandalism at the
sites. Drennan says this is because typically people have a lot of respect for the sites
and a sense of ownership since they were involved in the process (Drennan).

Monitoring
BES monitors several stormwater sites in Portland to quantify benefits, improve
design and function, and lower maintenance costs. Since 2006 BES has released an
annual report about the conditions of the sites. Infiltration during the first three to six
months after construction is typically poor and then normally improves during the first
1‐2 years before plateauing (website, BES staff). One of the tests BES conducts is a flow
test that simulates an intense design storm (approximately the 25‐year storm) that lasts
six hours. Peak flow rededications should range from 63% to 100%, averaging a 90%
reduction rate (Table5). The stormwater retention rates range from 61% to 100%, while
averaging 93% (BES 2010b). Typically the sites are performing as good as or better than
expected (BES staff). For example, the parking lot swales at OMSI (one of the oldest
facilities in the city) had an average infiltration rate of 8 inches per hour in 1995,
increasing to 13 inches per hour in 2005 (BES 2005).
BES also monitors the infiltration rate (see Table 5 for an example). The infiltration
rate of wet soil is between two and five inches per hour on the east side of the city, and
is 0.5 and three inches per hour on the west side of the city. BES also considers the site
design to evaluate the performance of the facility. The facilities with weirs or check
dams are better when they are adjustable so that if there is a problem they can be
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modified. BES has noticed that gently sloping streets (<1%) or sites with too much
vegetation close to the entry may redirect flowing water around the facility (BES 2010b).
Table 5: The results for performance testing.

FUTURE PLANS
The Green Streets initiative has several projects currently underway, including large
projects such as the Division Street redevelopment, bike boulevards, and the Tabor to
River Program. Currently Division Street is in the middle of the planning process, and
hopefully construction will begin on the two‐mile stretch next year (2012). In addition,
the Downspout Disconnection program has been very successful over the past 15 years,
helping to redirect water from the CSSs and stormwater infiltration sites on public
property to infiltrate on their own property, thereby reducing the burden on BES. BES
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and volunteer groups do the disconnections, and since 1994 the program has worked on
56,000 properties and removed 1.2 billion gallons of stormwater per year from the CSS.
To participate in this program, property owners receive $53 per spout, and community
groups earn $13 per spout (BES 2007b).
BES is looking to start a new program that works with private property owners,
particularly businesses, to treat stormwater on site. Josh Robin, with the Private
Property Retrofit Program at BES, reaches out to businesses to help them understand
the importance of on‐site stormwater infiltration, navigate the planning process, and
identify potential funding sources. It has been very important to show to business
owners mock‐ups of the sites using computer programs to illustrate the diverse options
they have, and especially to catch business owners when they are about to make
inappropriate changes to the site. Typically businesses are receptive to these site
improvements, particularly because they do not what to be seen as anti‐green by the
community.
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alternative transportation& parks

Atlanta BeltLine
Location Atlanta, Georgia
Proponent Atlanta BeltLine, Inc., Atlanta BeltLine Partnership, Trees
Atlanta, The Trust for Public Land, Park Pride, Path Foundation
Agencies The Atlanta Development Authority, Atlanta Parks and
Recreation Department, Department of Watershed Management
Lead Designers Perkins + Will, James Corner Field Operations
Site Program transit, multi‐use path, open space, redevelopment
Size 22‐mile railroad corridor for transit and multi‐use path
6,545 acres
33‐mile network of multi‐use trails
45 neighborhoods
1,400 acres of new parks
Timeline 25 years
Costs $2.8 billion
Website www.BeltLine.org, www.treesatlanta.org,
www.pathfoundation.org

INTRODUCTION
When one thinks of Atlanta, urban redevelopment and sustainability are not the
first things to come to mind. However, the Atlanta BeltLine project (“BeltLine”) will help
to redefine the identity of the city. Today the vision for the project includes the creation
of a system of public parks, multi‐use paths, mixed‐use development and a new light rail
transit corridor along an existing 22‐mile railroad corridor. The total redevelopment
area is 6,545 acres, including the paths, transit and housing; which is eight percent of
the city’s total land (ADA 2005).3 Over the course of the next 25 years, the BeltLine will
connect 45 neighborhoods and 25% of the current population that lives within walking
3

As points of comparison, Boston’s 8‐mile long Emerald Necklace is 1,100 acres. There is 17‐mile loop Emerald Necklace
underway in LA that will connect 1,500 acres of parks along two urban rivers. Around Ithaca, NY is a 50,000‐acre Emerald
Necklace of state forests and parks. A proposed Outer Emerald Necklace around Cleveland will be 212,500 acres of which
74,400 are already publicly owned.
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distance, as the paths circle the city’s center. It is estimated that the total development
cost for this ambitious project will be $2.8 billion (ADA 2005).
The BeltLine had a very interesting and unique beginning. The initial concept for this
project started out as Georgia Tech Ryan Gravel’s joint master’s thesis in Architecture
and City Planning in 1999 where he proposed to create a new transit system on the
historic rail line. Over the years Gravel was able to gain community and political support,
and the project gained tremendous momentum. Today, the vision reflects ideas that
were incorporated from public input, which provides more opportunities to create an
efficient transit system, livable communities, and improved access to open space and
recreation.
The project has grown tremendously and the partnering organizations now include
the Atlanta BeltLine, Inc. (ABI), BeltLine Partnership (ABP), Atlanta Development
Authority, several departments within the City of Atlanta, the PATH Foundation, The
Trust for Public Land, Trees Atlanta, Metropolitan Atlanta Rapid Transit Authority
(MARTA), and several private, public and non‐profit organizations. Since the project
officially started six years ago, 280 acres have been acquired for open space along the
BeltLine, three parks have been built, seven miles are currently under construction, and
three miles have been constructed in Southwest Atlanta.
The BeltLine will improve the city’s soft infrastructure (e.g. parks, trails), and provide
alternative transportation options (e.g. mass transit, biking, walking). For the purposes
of this case study, the multi‐use path, arboretum and new park system will be
considered, because these aspects of the project best use the urban landscape as
infrastructure. These aspects of the project identify the Atlanta BeltLine as a green
infrastructure project in Atlanta.
73

HISTORY
The origins of this project do not reflect the usual way a large citywide initiative
happens. First, it is important to understand the history of the city. Atlanta is unique in
that it developed around freight rail lines built after the Civil War that expanded over
the next five decades. The city became the transit hub for goods in the South. However,
while some neighborhoods prospered, other industrial districts were called “sewers of
smoke.” Rail traffic peaked after World War Two with over 1,000 trains per day. In the
following decades, the interstate highway system developed on green field sites on the
periphery of Atlanta. Railroad companies and industry abandoned the sites along the
BeltLine, which led to the decline of some neighborhoods. Today the railroad tracks are
a reminder of the city’s industrial past, but they still have a post‐industrial future.
In 1999 Ryan Gravel, a graduate student in Architecture and City Planning at the
Georgia Institute of Technology, wrote his thesis on the potential for light rail transit on
the circular ring of existing railroad tracks. He noticed that there was a lot of underused
industrial land next to the rail corridors, and he envisioned that the addition of mixed‐
use redevelopment along with transit lines would connect in‐town neighborhoods to
one another and also to the existing Metropolitan (MARTA) system.
After graduating, Gravel took a job at Perkins + Will, a national design firm, where
he began working on redevelopment projects in Atlanta along the old railway lines he
had been studying. Gravel talked with his co‐workers about his thesis and sent his
thesis to City officials to gain support for the project (Gravel 2011). Former
Councilmember and City Council President Cathy Woolard received Gavel’s thesis and
was very interested in the project. Woolard helped to start a grassroots campaign that
launched the BeltLine project to become one of the leading regional transportation
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projects. The timing was particularly important since the Metropolitan Planning Office
and the Atlanta Regional Commission (ARC) were engaged in a planning process to
improve regional transit; however this new transit plan did not include mass transit and
multi‐use path within the city center.
The BeltLine started as a grassroots effort in the 45 neighborhoods that the BeltLine
will pass through or border. Local interest sparked political support. Woolard and Gravel
established the Friends of the BeltLine, a non‐profit group whose focus was to create a
comprehensive redevelopment of the BeltLine (Eaddy 2011). The Friends group includes
the City’s Department of Planning and Community Development, the Atlanta
Development Authority (ADA), the Department of Parks, Recreation, and Cultural Aﬀairs
(Parks Department), the Department of Public Works, the Department of Watershed
Management, MARTA, the Atlanta Regional Commission (ARC), the BeltLine Partnership,
The Trust for Public Land (TPL), and the PATH Foundation. Woolard is now on the board
of the Atlanta BeltLine, Inc. (ABI) representing neighborhood‐level stakeholders (Eaddy).
Since there is so much public input, the concept of the BeltLine has continued to
grow and change. Today, transit is still at the core of the project but has evolved over
time to include eight key elements:





Transit
Parks
Multi‐use trails
Affordable housing

 Jobs and economic development
 Environmental clean‐up
 Existing community and historic
preservation
 Public art and streetscapes

Since the project has expanded considerably, it has become more equitable for
everyone and meets more closely many of the communities’ needs and City’s interests.
In 2004, then‐Mayor Shirley Franklin became involved with the BeltLine. She
supported the project because it improves the parks, encourages development, and
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spreads development throughout the whole city; finally, there is something in the
project for everyone (Eaddy). The support for the project from Mayor Franklin helped
to get big business on board (Morgans 2011).
It was clear to the people involved that they needed a redevelopment plan if the
project was going to succeed (Eaddy). In November 2005 the “Atlanta BeltLine
Redevelopment Plan” was released. It had been prepared by a group of consultants for
the ADA, and the plan outlined the project’s vision and key concepts, funding,
redevelopment areas, costs, and master planning.
In 2004 Mayor Franklin supported the ADA in creating a Tax Allocation District
(TAD), which required approval from the City, the Fulton County Commission, and the
Atlanta Public School Board since taxes are levied among these three groups. Within a
year the TAD was adopted by the City; however there was a legal dispute over whether
the Atlanta Public School Board could support TAD. This legal dispute set the project
back two years. In addition, the Redevelopment Plan stressed the importance that, due
to the size of the project, a separate entity needed to be created to oversee it.
In 2006, two non‐profits, Atlanta BeltLine, Inc. (ABI) and the Atlanta BeltLine
Partnership (ABP), were formed by Mayor Shirley Franklin. ABI is responsible for
overseeing the project’s planning and implementation. When ABI started in August
2006, there were seven staff members; today, there are approximately 20 staff
members from all different fields (Eaddy). ABP was formed in order to raise funds for
the project from private donors and grants. These two organizations were created so
that the large project would not become the primary focus of all the city’s planners and
to have an independent, non‐governmental entity to oversee the project.
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In addition to the grassroots effort and the growing political interest for the BeltLine
transit project, Atlanta had drawn attention around the same time for its lack of
parkland. At the Center for Park Excellence at The Trust for Public Land (TPL), Peter
Harnik’s report (2000) ranked Atlanta 25th of the 25th largest cities in the nation for its
acres of parkland as a percentage of city area. Clearly, Atlanta needed to remedy this
problem. In 2004, TPL commissioned Alex Garvin, Adjunct Professor of Urban Planning
and Management at Yale University and former fellow at the Urban Land Institute, to
produce a document called The BeltLine Emerald Necklace: Atlanta's New Public Realm.
Garvin delineated the vision for a network of linear open spaces, parks, and transit in a
coherent way people could understand (Garvin 2004). This publication helped to bring
the vision to the public and was influential in getting the BeltLine project approved by
policy makers (Morgans). Garvin stressed the importance of a continuous BeltLine that
would connect communities that were previously isolated from one another, and
provide the opportunity to connect public transit with the park system. In addition,
Garvin identified what he called the new “Jewels” of the BeltLine Emerald Necklace:
4 Expanded Park Jewels
Piedmont Park: 32‐acre expansion
Maddox Park: 67 acre expansion
Ardmore Park: 6‐acre expansion
Enota Park: 7‐acre expansion

4 New Park Jewels
Waterworks Park: 204 acres
Peachtree Creek Park: 65 acres
North Avenue Park: 63 acres
Holtzclaw Park: 2 acres

5 New Mixed‐Use Jewels
87‐acre Hulsey Yards: 40 acres of open space
215‐acre Boulevard Crossing: 108 acres of open space
378‐acre L&N Crossing: 189 acres of open space
579‐acre Bellwood Lake: 434 acres of open space

When complete BeltLine will consist of 1,400 acres of new parkland, connected to 613
acres of existing parkland, which will increase open space in the city by 40% when it’s
complete (Garvin). This will give the community a place to go walking, running,
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rollerblading, and cycling. Garvin also reminds us that the BeltLine’s value is not just the
quantity of new open space, but its quality (Garvin).

PLANNING + DESIGN
Today, ABI oversees the planning and design process for transit, open space, and
development. ABI is responsible for planning and executing the implementation of the
BeltLine in cooperation with the partnering organizations, including several
City departments and other non‐profit partners. Residents have accepted the overall
vision, but challenges have come up about individual components of the plan. Rukiya
Eaddy, External Affairs Manager for ABI, stated that this happens frequently, especially
when the plan turns to the specific details and people do not want it near them, a
phenomenon known as “Not in My Backyard” (NIMBY) (2011).

Acquisition
Starting in 2006, TPL was very influential in acquiring parklands, which are
considered to be the jewels of the project. TPL purchased a total of 44 million dollars’
worth of additional parkland along the BeltLine (78 acres in total). To do this, TPL used
its lines of credit for short term purchases where the "take out" buyer had not
committed prior to TPL’s closing, which was a first for TPL because normally the end
owner is determined prior to a closing. This allowed them to spend up to $20 million on
land, and then sell it to the City, and then buy more parcels without going over the
credit limit. However, this put TPL at risk that government would buy a particular
property and that TPL would have to sell it to a private buyer on the open market.
Today, TPL still owns $8 million of property, and is not very active on the project, but
two staff members continue to sit on ABP’s board (Morgans 2011).
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Figure 15: Undeveloped railroad right-of-way in the eastern quadrant of Atlanta (top left), recently paved
Eastside Trail (right), a view of downtown from future BeltLine path (bottom)
Photo credit: Michelle Moon

The multiple rail line right‐of‐ways that are owned by the Georgia Department of
Transportation (GDOT), CSX Railroad, and Norfolk Southern Railroad form the backbone
of this project (Garvin 2004). These 30‐ to 100‐foot wide corridors form a ring around
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the city center. The ring is currently divided into four quadrants by physical barriers and
ownership, and the same quadrant division is used in the planning process. In the
northeast quadrant, the City purchased the right‐of‐way from Norfolk Southern Railroad
Company. This segment is currently under construction and the multi‐use path will
officially open in fall 2011. In the southwest, the rail lines are owned by the Georgia
Department of Transportation (GDOT). Two and half miles have already been built along
this section. The City has a 49‐year lease from GDOT, with the option to renew once it
runs out. CSX Railroad Company owns the rail lines in the southeast and northwest
quadrants. The southeast contains an underutilized line that carries only one or two
trains a day. However, the northwest quadrant contains a very active rail for freight,
making it more challenging to include light rail and multi‐use paths. One solution that
has been proposed is to separate the transit from the multi‐use path by acquiring more
land (Morgans).

Community partners
Many groups are actively involved in shaping the project. For instance, the PATH
Foundation, one of the BeltLine Partners, will help to create eleven new miles of
additional trail connections to other parks and attractions along the 22‐mile BeltLine
multi‐use path where people can walk, run, rollerblade, and cycle.
PATH is actively involved with the creation of the BeltLine’s multi‐use path. It is
helpful for ABI to partner with a well‐established organization: PATH has developed over
160 miles of trail throughout the state, so they bring a lot of useful knowledge to the
project.
Another partnering non‐profit is Trees Atlanta, which is advocating for incorporating
an arboretum around the whole BeltLine. The goal is for the arboretum is to display
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native tree species, educate the public about them, and continue to improve Atlanta’s
tree cover. Trees Atlanta wants more than a “tree museum,” and would like to see it
used also as a corridor for scientific research and education.
The idea originated with Marcia Bansley, Trees Atlanta’s Executive Director, during
the Trees Atlanta’s 2005 capital campaign. The idea gained immediate traction and
fundraising was integrated into the organization’s capital campaign. With the donations,
Trees Atlanta hired the Portico Group, a Seattle‐based design firm, to create the
conceptual plan. The designers held meetings so that the community could participate
through a series of charrettes (Levine 2011). The conceptual plan describes the
character of the different sections, and then identifies themes for these sections (e.g.
Southern Way: Plants of the Piedmont Uplands; Waterworks: Whimsical Green; Art and
Water Trees) (Portico Group 2007). In addition, Trees Atlanta would like to include
plantings of Georgia’s native grasses, which improves habitat in the city. They are
working with the University of Georgia to develop this idea to include educational and
research opportunities (Levine).
Currently Perkins + Will is working with ABI to modify the Portico Group conceptual
plan to include the final specifications for a coherent design that fits in with the overall
BeltLine master plan. Trees Atlanta is helping to raise money to work on establishing the
trees over a five‐year period. Greg Levine, Program Director for Trees Atlanta, stated
that if Trees Atlanta can ensure the success of plant establishment then there is more
interest from the funders. Levine is concerned that vision from the original conceptual
plan will not be as strong if Trees Atlanta is not constantly involved throughout the
process. ABI is working to oversee this process to help ensure a cohesive BeltLine that
incorporates an arboretum as well (Levine).
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Figure 16: Concept map of the Arboretum along the BeltLine.
Source: Portico Group 2007

Design
ABI is responsible for overseeing the master plan for the BeltLine, which includes
creating and overseeing the design process to form a cohesive network. The BeltLine
will create an additional 1,400 acres of new parkland, within a 33‐mile linear park
system of multi‐use paths and trails that connect a mix of 40 new and existing parks.
Even though the project is not complete, people are already using the unfinished paths
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because the old fences have been torn down along the railway corridor. There are a
total of thirteen new or expanded parks along the BeltLine corridor. ABI is working with
local community, friend and church groups to collect information about what they
would like to see at the parks. Landscape architects will be responsible for the final
designs of the sites.
In February 2010, the BeltLine Board selected the two lead designers for the project:
Perkins + Will (a national design firm) and James Corner Field Operations (based in New
York City (BeltLine 2010). There are 19 additional sub‐consultants, including lighting
specialists, hydrologists, and civil engineers. The primary landscape architects are James
Corner Field Operations and Pond | Ecos (from Atlanta). The designers were selected
through a public procurement process where there were 17 applicants. The selection
committee was comprised of ABI, the City, BeltLine Partners, and community members.
The committee interviewed five short‐listed firms, and then visited the finalists to see
their projects and how they work. James Corner Field Operations was selected as the
lead design firm, based on their experience as the lead designer for the recently opened
Highline Park in New York City (Yalouris 2011).
The Atlanta Parks Department will have to work with the design, not the designers;
therefore maintenance must be easily explained and straightforward. Fred Yalouris,
Director of Design at ABI and former design director for the ‘Big Dig’ in Boston, wants to
see a landscape that does not require a lot of time to keep it up. Therefore,
maintenance and site contractors are considered during the design process, requiring
thoughtful execution (Yalouris). In addition, the site contract outlines how to maintain
the park. The site contractor will maintain the park for the first two years and will also
need to understand the level of the expected maintenance. Therefore, detailed
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specifications that anyone can use, and that can be used at any point in time, are
essential for every site. For example, details on trees and soil are included in the design.
This also includes the planting techniques, soil type, and how the soil should be
amended (e.g. by adding sand, organic matter) (Yalouris). Yalouris stated that plumbing
and electrical maintenance are his top two concerns when designing for maintenance
because they require both a lot of time and money.
Circulation both to and from the multi‐use path is still being thought through, and in
some places access is a big problem. For example, the Eastside trail (in the northeast
section) has an elevated bridge that crosses North Ave that is not ADA accessible.
Improved access has not been planned yet, but will be later on (Yalouris).
The community was not included in the actual design creation. Yalouris stated that
through the planning process ABI developed an understating of the communities’
interest in what they want and need. The community is shown a small number of
choices since that works better to gather their input, and it’s essential to have
something to show them such as maps, diagrams, and vignettes. When the design is
created the community is not surprised at the end since they have been involved
throughout the process (Yalouris).

Community engagement
The neighborhood interest increased quickly early on once people understood the
vision for the project (Eaddy 2011). The BeltLine will pass through 45 neighborhoods.
ABI leads the project and frequently collaborates with the City, a wide range of
consultants, and the community (Eaddy). Community involvement began in April 2004
and ABI divided the neighborhoods into ten study areas to help direct attention to
project details. The groups are sorted by geographical boundaries (e.g. highways, rail
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lines). The members from the study groups represent the interest of many faith‐based
groups, businesses, elected officials, and community development organizations and are
actively participating in the process.
Each one of the ten groups worked to develop and adopt a master plan for their
area. The master plan is based on community input, which included public meetings.
Eaddy stated that typically there are approximately 40 attendees per meeting. Garvin
stated in his report that the quality and quantity of public input was excellent
throughout the planning process, which refers to the planning that happened in 2004
when over 1,600 participants attended public meetings. In addition to the study groups,
the City is also required to publish quarterly reports on the process and activities of ABI.

Environmental considerations
With any urban project there are environmental considerations. The two large ones
for Atlanta are stormwater management and brownfield redevelopment within the Tax
Allocation District. When one thinks of a park, a huge stormwater feature is usually not
the first thing that comes to mind. However, one of the newest parks is the four‐acre
Historic Fourth Ward Park (Figure 17), that has a large stormwater facility as its most
prominent feature. In 2003, Bill Eisenhauer, a stormwater activist, brought water issues
to the attention of residents in the neighborhood, especially at the Clear Creek basin
near City Hall East, in the Old Fourth Ward (where the Martin Luther King Historic
District is located). As a result, a group formed with a vision to create a park that would
contain a sustainable stormwater detention pond as its central feature (Historic Fourth
Ward Park Conservancy 2009b). The Historic Fourth Ward Park Conservancy has been
actively involved in the planning and design process since 2004. Some of the main
features of the park include a stormwater retention pond with fountains, an outdoor
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performance space for 350 people, and granite sculptures. The planning, design, and
implementation are a combination of time and money from ABI, ABP, the Department
of Watershed Management (DWM) and the Historic Fourth Ward Park Conservancy.
The DWM managed the construction and helped pay for the project. Now the DWM is
leading the way with the Bellwood Quarry project in Northwest Atlanta (Morgans 2011).

Figure 17: The new Forth Ward Park, which contains a large stormwater retention pond.
Photo credit: Michelle Moon
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Similar to other industrialized cities, there are a number of brownfields in Atlanta.
ABI estimates there are 1,100 acres of brownfields, which is the size of Boston’s Emerald
Necklace, within the 6,500 acre BeltLine TAD (BeltLine 2011b). One of the most
successful brownfield redevelopment sites is the 138‐acre Atlantic Station development
in the Midtown District, which is part of the BeltLine Redevelopment area. The site was
a former Atlantic Steel mill with soil and groundwater contamination after a hundred
years of production. The project was designated an EPA “Project XL” which allowed the
EPA, the Georgia Environmental Protection Division and the City to remediate the site.4
The remediation plan called for the removal of 180,000 square yards of contaminated
soil, where 15% was considered to be hazardous and disposed of in approved hazardous
landfill. A groundwater extraction system was put in place to prevent water
contaminated by vinyl chloride from migrating off the property (EPA 2007a).
When completed, the $2 billion redevelopment project will include 5,000 housing
units, 6 million square feet of high‐rise office towers, hotels, a park, and retail space
(Newberry 2006). This is one of the first projects in Atlanta that demonstrates the value
of cleaning up brownfield sites to benefit the community.

IMPLEMENTATION + FUNDING
No one could have imaged how quickly the BeltLine project would progress,
especially given the scale of the project. Within the last six years, the partners for the
BeltLine have had some major accomplishments:




280 acres have been acquired from open space along the BeltLine
Three parks have been built
Two miles are under construction in the northwest quadrant

4

EPA Project XL was a pilot program (1995 to 2002) that allowed state and local governments, businesses and federal
facilities from across the country to develop with EPA innovative strategies to test improved or more cost‐effective ways
to achieve environmental and public health protection. EPA developed more than 50 environmental pilot projects. (EPA
2011b)
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Three miles are under construction in the southwest quadrant
½ of total land for the project has been purchased

In addition, this year another three new parks will open (Historic Fourth Ward Park,
Historic Fourth Ward Skate Park, and Boulevard Crossing Park) and the East Trail that is
currently under construction will be completed (2.5 miles). Recently there was a
temporary art exhibition display along the BeltLine corridor.
ABI is responsible for overseeing the construction process and releases RFQs and
RFPs for the new projects. ABI compiled a list of approved contractors and keeps the list
for three to five years. ABI searches for local contractors first before looking outside the
city and state. They look at the lowest bidder first, but are not required to go with the
lowest bid; instead, ABI tries to identify who will be the best fit for a particular project,
recognizing that only good contractors will do quality work (Eaddy). As a result of the
large scale and numerous components of the project, an estimated 30,000 permanent
new jobs will be created and 48,000 temporary construction jobs (BeltLine 2011d).

Funding
Funding is a key component for the success of the project since the price tag is $2.8
billion over the next 25 years (BeltLine 2011g). ABP is responsible for collecting funding
for the project, which includes a capital campaign, the BeltLine Tax Allocation District
(TAD), and government funding. ABP has a full‐time staff member that searches for
federal and state grants and they also have a lobbyist. ABP began a $60 million
campaign in 2007 to help fund the project, and already have raised $35.7 million
(BeltLine 2011c). A few of the large private funders include Sarah and Jim Kennedy, the
PATH foundation, the Atlanta Audubon Society, the Kaiser‐Permanente Foundation, The
Coca‐Cola Company, The Home Depot Foundation and the Norfolk Southern
Foundation.
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Some of the state and federal funding sources include the Federal Transportation
Enhancement (TE) Grants (used for the West End Trail and the Northside BeltLine Trail)
and the Department of Watershed Management. The Atlanta Regional Commission has
designated $18 million of federal funding for acquisition and construction along the
railroad right‐of‐way as part of the Transportation Improvement Plan (TIP).
As previously mentioned, the BeltLine Redevelopment Plan called for the creation of
the BeltLine TAD, which then led to a lawsuit after it was approved by the City. Even
though it delayed the project by two years, the TAD lawsuit fortunately did not stop the
realization of the project. The TAD is the largest source of money for the project, which
will fund $1.7 billion of the project from the new 6,500‐acre district (8% of the city’s
total area). The TAD has set a boundary that includes many underutilized or abandoned
industrial properties around the BeltLine, and tried to avoid single family homes
(BeltLine 2011g). The properties within the BeltLine TAD tax values were set at the 2005
assessment level (Figure 18), and any increase will go towards the BeltLine. Over the
next 25 years, the new development on the underused property will increase the tax
digest value, therefore generating incremental revenue. Revenue bonds are issued to
pay for the infrastructure projects within the TAD. The bonds are issued in groups of
four or five every five years based on what the incremental increase in tax revenue
would be (Morgans2011). The principal and interest is paid back with the incremental
tax revenue from the new developments. However, in 2007‐2008 the TAD was without
funds, therefore there was not much of an increase for the first five years (Morgans). A
large portion of the BeltLine TAD will be used for land acquisitions, construction of the
transit, affordable housing, parks, and multi‐use trails. Unlike over TADs in Atlanta, the
funds will not be used for incentives for any developer in the area (BeltLine 2011g). The
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Tax Allocation District Advisory Committee (TADAC) was created in 2007 to oversee how
the funds are spent.

Figure 18: A diagram to demonstrate how TAD works.
Source:2011g

MANAGEMENT + USE
ABI is responsible for planning and building the BeltLine; however, they won’t
oversee the maintenance and use in the long term. The Department of Parks,
Recreation and Cultural Affairs (DPRCA) will maintain the BeltLine as the section of
multi‐use paths and parks are completed (Eaddy 2011). ABI and the Parks Department,
particularly the ABI Design Department, are working closely together to identify some of
the maintenance and management concerns at the present time.
The Parks Department was selected as the organization to maintain the site and is
very eager to begin working on the project (Eaddy). Ten years ago the Parks
Department was not maintaining the existing parks very well. One of the reasons was
that the Department had many workers who had been “dumped” on the Department,
which is similar to other parks departments around the county (Morgans 2011).
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Former Mayor Shirley Franklin decided not to neglect the Parks Department any
longer during her eight years in office. Early on, she appointed a new Parks Department
director, Daniel Harnel Cowan, who was there for eight years. The current Mayor Kasim
Reed (January 2010 to the present) has brought even more support for the Parks
Department. Mayor Reed appointed a new director, George Dusenbury, who was the
former executive Director of Atlanta’s Park Pride where he advocated for funding to
maintain and increase parks and open space through initiatives, including the BeltLine
(City of Atlanta, 2011). As a result, the Parks Department has greatly improved, thanks
to the efforts of Atlanta’s mayors and new parks commissioners. Today the Parks
Department is ready to begin work on additions from the BeltLine project (Morgans).
Debate continues about whether the Parks Department or a conservancy will oversee
the maintenance of the project over time (Levine 2011).

FUTURE PLANS
The project had a strong start through community input, consensus building and
understanding the vision. There has been and continues to be tremendous political
support between administrations that has created a sound funding policy that will carry
the project through.
The project has a very long time horizon given all of its components, which will be
completed over the next 25 years. The parks and multi‐use paths will be completed
first, multi‐use paths are slated to be completed in a couple of years, and then the light
rail component will begin. This year (2011) an additional three parks will be completed
and the BeltLine’s multi‐use paths will continue to grow. The residents, the City, ABI,
APB and community groups are all very excited to watch the BeltLine continue to
develop and are already beginning to use the space as it’s created.
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Figure 19: Photos of the new multi-use path in Northeast Atlanta that is under construction.
Photo Credit: Michelle Moon
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Results
There are several common themes and elements that make the three cases
successful, although there are many differences in the planning and political cultures
between the three cities. A few of the key characteristics include:







Grand vision
Collaboration
Political support
Financial support
Timing
Responsibility

In the following sections I will discuss each of the key characteristics in more detail with
examples from each of the case studies.

GRAND VISION
It is apparent from the three case studies that there is a grand vision that will
reshape and redefine the three cities. What can be learned from this is that it is
important to start with a grand vision, but that there must also be community and
political buy‐in in order to make the projects a reality. BES started out with test sites,
and then expanded their vision. Portland’s green street facilities create more beautiful
streets throughout the city and enhance the way people interact with the streetscape.
Ryan Gravel’s original vision in his thesis included an expanded mass transit in Atlanta
and as more stakeholders became involved the vision continued to grow. As a result,
Atlantans will be able to travel between neighborhoods more easily, have access to new
recreational opportunities, and the city will no longer be known for its congestion
problems but as a pedestrian‐ and bike‐friendly city. The Back Bay Fens in the Emerald
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Necklace is from an era of big planning projects. Olmsted redefined what it meant to be
an American city, particularly in Boston with his support for the creation of the Boston
Parks System. None of these projects had a small vision, or settled for something less.

COLLABORATION
Portland Green Streets and the Atlanta BeltLine have enjoyed a tremendous amount
of collaboration with government agencies, non‐profits, community groups and
community members. The Atlanta BeltLine Partnership has many partnering
organizations, such as The Trust for Public Land and Trees Atlanta. The partnering
members have played an active role in shaping what is currently the vision for the
BeltLine and will continue to remain involved. The Portland Green Streets program
would not be as successful if the City’s Bureau of Environmental Services did not receive
support from other government departments, particularly from the community
members. Today, the Back Bay Fens are overseen by the Emerald Necklace Conservancy
with additional support from the City of Boston, Town of Brookline and the Department
of Conservation and Recreation. These projects reveal how important it is to have
collaboration among many different groups in the community.

POLITICAL SUPPORT
Both former Mayor Shirley Franklin and current Mayor Kasim Reed in Atlanta have
strongly supported the vision for the BeltLine. Without their support, other
departments might have not been so encouraging of the project or have been able to
take on additional responsibility, such as the Atlanta Parks Department. Again in
Portland and Boston the former mayors were in support of the projects. As a result
projects remained in the attention of political figures.
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FINANCIAL SUPPORT
If the projects in Atlanta, Boston and Portland lacked the kind of financial support
they currently have, the projects would not exist, or would exist and not be well
maintained. The City of Portland identified BES as an agency that has a steady revenue
stream from Sewer and Stormwater fees. Their support is such that they could fund the
entire Sustainable Stormwater Program. The City of Atlanta created the BeltLine TAD to
financially support the various components of the project. The City of Boston financed
the creation of the Fens as part of the Emerald Necklace. It was essential for each of the
projects to identify sources of funding very early on in order to ensure the development
of the grand visions.

TIMING
Timing for the appropriate political and financial windows of opportunities cannot
necessarily be planned. A vision for a project can remain on the shelf until there is
support. It is evident in all three case studies that there was political buy‐in and
financial backing that made the projects become a reality. In Atlanta, Gravel’s vision for
installing light rail came at the same time as the regional transportation plan and his
plan caught the attention of political leaders. The City of Portland was experiencing
problems with their CSOs in the 1990s and was looking for alternatives. Fortunately, the
BES had heard about GI projects that were happening in other parts of the country and
had a mayor who was willing to support new pilot projects.

RESPONSIBILITY
At the beginning of the work in Portland and Atlanta, an end‐organization was
identified as the group responsible for maintaining sites. The City of Portland chose BES
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to oversee the implementation of the green street facilities since the agency had a
steady stream of funding and could support the Sustainable Streets program. It was
clear to BES that maintenance was going to be an issue from the very beginning.
Therefore they had to identify a solution that works for them, which is to contract out
the maintenance to local landscaping companies. In Atlanta, the City created ABI and
ABP to oversee the planning, implementation and funding of the project. Right now the
Parks Department has been selected to oversee the maintenance; however there is
some speculation about whether a non‐profit conservancy will be created whose
primary focus is the BeltLine’s paths and parks. The Back Bay Fens shows how over time
the organizations overseeing the site can change, and that it can still work.

SUCCESS AS DEFINED BY THE ORGANIZATIONS
In addition, throughout the interviews interviewees were asked what makes their
projects a success. A few of their answers include:
Portland
 Involvement and outreach to communities
 Community buy‐in
 A sense of ownership in the community including the acceptance of the facility,
understanding, help to watch over and take care of the site, and report any
problems
Atlanta
 Meeting goals of the five year work plan
 Equitable development plan
 Opening up the BeltLine to the public before it is officially completed
 Incremental success: opening up a new park, completing a section of the trail
 Increased investment in SW Atlanta where nothing has happened in the past fifty
years
These responses are specific to the organization’s community, but also can applied more
broadly such as the need for community buy‐in, meeting goals that have been spent,
and valuing incremental success.
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Reflections +
Recommendations
As demonstrated by the case studies evaluated in this thesis, green infrastructure
requires integrating expertise from several different fields that have not necessarily
been incorporated together in traditional infrastructure. These include planning,
design, architecture, engineering, landscape architecture, transportation, public works,
ecology, hydrology and public health. In order for a project, green or otherwise, to be
successful, a multi‐disciplinary team must be assembled to think holistically about the
dimensions of the project. GI is still in an early stage of development, and therefore is
seen more as a separate type of project rather than something that is done
automatically, and as a result requires deliberate planning and additional community
and political support. Over time, as GI becomes part of everyday planning, design, and
engineering, collaboration among these various fields will become more automatic.
Certain elements need to fall into place for a vision to become a reality, including
using strong planning and design principles, establishing clear goals, working within and
improving local policies, establishing political and financial support, gaining community
buy‐in, and ensuring capacity for implementation within an organization. These key
elements are evident in the case studies examined for this thesis, and should be applied
to other GI projects.
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DEFINING SUCCESS
This study examines the important characteristics that help make GI projects a
success. Each of the case studies outlined includes a number of basic building blocks
that are required for a project to be implemented: planning and design; environmental
considerations; implementation and funding; management and use; and future plans.
Together these components form a baseline for project evaluation that in many cases
represents a huge success in itself because of the added obstacles GI faces as an
emerging field.
Beyond the basic requirements, however, successful GI can be defined in many
different ways, ranging from measuring incremental success relative to the original plan,
gauging community support, or defining and measuring success using various
quantitative measurements (e.g. qualitative, quantitative and incremental forms of
measurement). Success can also be defined in more quantitative ways, such as
improved stormwater infiltration rates, reduced number of CSO overflows into the river
or increased number of bird species in wildlife areas.
Interviewees in this research identified a number of different quantitative and
incremental measures of success in their projects, including: community buy‐in,
community ownership of the project, meeting goals as outlined in the plan, establishing
an equitable development plan, incremental successes such as opening a new park, and
investing in communities that have been ignored over time.

REALIZING SUCCESS
This research focuses on how communities are incorporating landscape into
infrastructure design at large urban scales, and also the characteristics that help make
projects successful in terms of providing social, environmental, economic, and aesthetic
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benefits. Figure 20 demonstrates a number of elements are that are needed for GI,
including good planning and design principles; political and community support; creating
a grand vision; climate appropriate plant selection. Many of these characteristics are
similar to other planning projects; however the elements in Figure 20 are more
important for GI projects since they have a greater affect on how the public interacts
with the urban landscape on a daily basis, such as new green street facilities or a multi‐
use path. The bottom row highlights the base that is needed for a GI project, and
without any of these elements there would not be a functional GI project. Once the
bottom row has been established then the everyday issues such as funding,
maintenance, and evaluating and monitoring site conditions need to continue on an
ongoing basis. As time passes, it is extremely important for the site to remain in use
(e.g. sustained park attendance or increased number of rare species) and to continue to
function as planned (e.g. infiltrating water).Periodic monitoring and evaluation can help
ensure that these goals are met and if they are not then make site adjustments.
Together these components create a strong GI project, and if any are missing the
project’s success will be more limited.
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Figure 20: The figure above shows key components that make “healthy” GI pyramid.

RECOMMENDATIONS
Based on the results of this research, several practical recommendations are offered
to help interested organizations increase the green infrastructure in their communities.

Collaboration
Collaboration is key. None of the projects discussed in this thesis were accomplished
by a single organization. Organizations should establish a network of partnering groups
to work with for the GI project, and have one organization that is ultimately responsible
for funding and implementation. For example, the Atlanta BeltLine project is successful
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because ABI and ABP work with the City, The Trust for Public Land, Trees Atlanta and
many other organizations. In addition, the BeltLine incorporates many ideas from key
stakeholders, and as result helps to gain community support for the project. Portland’s
Sustainable Streets program is a success because BES partners with other government
departments and non‐profits on their projects to increase the number of green street
facilities, therefore helping to achieve their goals. Organizations interested in creating a
city‐wide GI initiative should identify and work with other key stakeholders to ensure
that their partners’ goals are also being met with the GI project, which will also help to
gain community buy‐in.

Support
It is critical to develop a meaningful and continuous dialogue with political and
community leaders/groups. A support network is essential, and leaders in the
community can help move a GI agenda forward. If a non‐profit or individual has an idea
for a GI initiative then they should begin by presenting their vision to political and
community leaders or groups, preferably early on in the process. Support from local
leaders helps generate further support among community members and increase buy‐
in, which is what happened in Atlanta. The BeltLine would have not been a success
without Ryan Gravel gaining the support of former City Council President Cathy Woolard
and former Mayor Shirley who were then able to push the project forward. The idea for
the Back Bay Fens came from the City, which worked with the Boston Parks Commission
and Olmsted on the design for the Fens. In this case there was already support from the
City for the project; therefore it was important to maintain these connections especially
through administration changes over the two decades it took to complete the project.
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Organizations should talk to political leaders at all levels to gain support in order to
accomplish their GI project goals.

Funding sources
Identify creative and custom‐designed funding sources. Every project requires
funding for planning, implementation and maintenance; therefore thinking about
funding sources should start as early as possible. As demonstrated in the case studies,
there are many different options to fund projects, and the key is to identify a secure
funding source that will work best for the specific GI project. Sustainable Streets is
fortunate to have a stable funding source from BES’s stormwater and sewer fees to fund
projects. Organizations should keep in mind that funding a GI project might require
multiple funding sources. In the case of Atlanta, funds came from both the public (e.g.
TAD financing and federal funding) and private sectors (e.g. Coca‐Cola Company, Home
Depot Foundation, Wells Fargo). Public‐private partnerships and conservancies are
becoming increasingly popular with new parks across the country, and can also be
appropriate for GI projects. When identifying funding sources there may be corporate
interests, particularly local corporations who want to invest in the community, therefore
it is important to seek funding from these businesses. These two examples show that
there are many different ways that projects can be funded and there is no one‐size fits
all solution for funding. Therefore, an organization must find a way to finance their
projects that fits their needs and abilities to raise funds, such as using public funds,
creating new tax districts and seeking out private money.

Vision
Do not to compromise the vision, but continue to improve, and perhaps expand it.
The grand vision for Green Streets did not start at the beginning of the project. BES
started with small pilot projects around the city before expanding the vision to include
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the whole city. Rhetta Drennan, Director of Community Outreach at BES, suggests
starting a program on a volunteer basis with community groups to increase public
awareness. This approach allowed BES to easily expand to other neighborhoods in the
city. In Atlanta, the original idea of a new transit corridor continued to expand to
include parks, a multi‐use path, and affordable housing. The BeltLine has been able to
gain more support as a result of the expanded vision to include more stakeholders, such
as bike advocates who want paths and developers who want housing and retail, which
has helped to keep the project moving forward since it appeals to a diverse group. GI
projects have a unique opportunity to include other community improvements, such as
improving pedestrian connectivity or community health. Therefore, it is particularly
important to stress what else the project can do in order to gain support from a diverse
number of groups, which is something that traditional infrastructure projects cannot do.
Projects where the vision has been severely compromised, for whatever reason, will
never reach their full potential in terms of design and use. These two case studies not
only demonstrate the importance of strengthening the original vision, but also how the
vision can be expanded to meet more of the communities’ needs, thereby also
increasing buy‐in.

Precedents
Find precedents. The use of best practices is already common practice in the
planning and design field, and this should be no different for GI. For example, the City
of Portland looked to LID projects in Maryland that attempted to mimic natural systems.
Alex Garvin’s study compares the BeltLine to Olmsted’s Emerald Necklace in Boston.
When designing the Fens, Olmsted looked to natural salt marshes for inspiration.
However, precedents and case studies are not always as easy to identify because GI is
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an emerging, multi‐disciplinary field and organizations may not always identify their
projects as GI. Therefore, if a community is interested in habitat connectivity or
incorporating LID into their community, then community leaders should to talk to
leaders in other cities about what they are doing. In addition to identifying best
practices, this can also facilitate sharing knowledge in areas that could be improved on.
Often there are many lessons that can be learned from the triumphs and mistakes of
other communities. These are all valuable lessons that can help to make new GI
stronger.

Maintenance
Consider maintenance, especially since GI is above ground and is highly visible by the
public, therefore maintenance needs to be thought about before the instillation a GI
site. Given that GI projects are typically living installations (e.g. plant communities),
unlike traditional infrastructure projects (e.g. bridges, dams), it is important to consider
the maintenance needs before implementing the project. BES realized very early on
that the green streets would require regular weeding, cleaning and evaluation. Their
strategy to address this was primarily to hire contractors to visit the sites regularly. In
the Fens, as in the rest of the park system, the Emerald Necklace Conservancy has
dedicated full‐time and seasonal staff to maintain the 1,100 acres of parkland. Although
the BeltLine is not complete, ABI and the City have already designated the Parks
Department as the primary entity to oversee its maintenance. If any of these
organizations did not consider and fund maintenance then the sites would quickly
become overgrown, host invasive species and diseases, and have the potential to
become a public safety hazard; and a result, people would not want to visit the site. It is
extremely important to consider maintenance needs before implementing a GI project.
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Often maintenance in LID projects is not done routinely, therefore site many not
perform as planned which is not good for both meeting the goal of water infiltration or
for gaining further political support. BES understood this from the beginning, and
therefore has developed a strong partnership with their contractors to maintain the
sites. In addition, New York’s Central Park, as most large urban parks during post‐World
War II suburbanization, was neglected by the government who oversaw the park for half
of the 20th century, and as result was not seen as a place to visit, especially at night.
Today the Central Park Conservancy has helped to change the park’s reputation by
maintaining the 843 acres.

Plan
Have a plan. Although this is not unique to GI, it is still extremely important, if not
more important. Community members and political leaders may not at first recognize
the new GI concepts or are likely to be more skeptical of the project or have different
visions for sustainability. Therefore, a plan can help address these issues and show
precedents in a clear way. In all three cases the implementing organization first created
a plan of some sort outlining the vision of the project and the specific goals. The Atlanta
Development Authority created the Atlanta BeltLine Redevelopment Plan. Olmsted
created a plan for the Emerald Necklace. Each of these plans was a result of conscious
building among the stakeholders, such as engineers and the City, who specified the
vision for the project. Organizations may find that having a written document,
drawings, and presentations is extremely useful in gaining buy‐in from city and
community leaders as well as community members because it establishes a collective
vision, outlines what the next steps are and makes sure that everyone is on the same
page. As with any project that will be implemented, a plan helps to generate initial buy‐
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in that allows the project to get going, and helps to ensure that the vision and goals that
have been agreed upon are preserved throughout the project’s implementation so that
everyone has clear ideas about the next steps. In the case of Portland, BES created the
Portland Stormwater Management Manual, and has master plans for large
neighborhood projects. There is no overall plan for how to implement the project, but
the Stormwater Management Manual provides specifications for engineers, builders,
and city planners. For Portland this works well since everything is so site‐specific and
can then be tailored to meet the goals of a given project, especially CIP projects that
have definite considerations for new street design and circulations that need to be site‐
specific.
The list above highlights the important characteristics that make the case study
projects successful in terms of providing social, environmental, economic, and aesthetic
benefits. Together these elements have helped to ensure the success of the projects
discussed in the case studies.

CLOSING THOUGHTS
Infrastructure has defined great cities over the centuries. In the 21st century green
infrastructure will continue to define, and redefine, what makes a great city. Similar to
traditional infrastructure, GI performs basic functions of natural processes in the city,
provides services and amenities that serve residents, and helps to keep community
members and businesses in a city, as well as attract new community members and
businesses. Currently; GI is not recognized or undertaken by every city. Many people
however care about green infrastructure and might move to a city because of their GI
project (e.g. a city’s plan to increase the number of parks and multi‐use paths will make
some people want to move to that city). Therefore GI projects can help make a city
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stand out from the rest and improve its environmental quality. As a result, GI will help
to ensure the competiveness of a city in the 21st century in attracting new residents and
businesses.
There are numerous reasons to do a GI project instead of a traditional one. GI can
address problems with aging infrastructure, climate change, lack of water infiltration,
stormwater overflows, health problems, lack of bike infrastructure, and loss of
biodiversity and habitat. However, GI is not a panacea or one‐size‐fits‐all solution to
these problems. It is therefore important to identify the needs of a particular
community, the goals of key stakeholders, and the specific characteristics of an area
(e.g. climate and demographics) when choosing specific GI approaches.
As demonstrated throughout this thesis, GI benefits both a community’s quality of
life and environmental quality. In Portland, the City is improving water quality,
increasing habitat for native plants, and raising the quality of life for residents. The
Atlanta BeltLine will provide more access to parks and improve recreational activities for
residents, draw new residents to the city and improve the city’s biodiversity. The
improvements made to the Back Bay Fens brought tremendous benefits to the
community by addressing flooding and sanitation issues while also creating access to the
new park system. Together these examples demonstrate how cities that install and
improve their green infrastructure networks are creating communities where people
want to live, work, and play.
It is easy to have an idea about how to make a city greener, and another thing
altogether to actually make it happen. This research demonstrates how communities
are using the urban landscape to reimagine what infrastructure is, how it defines a city’s
appearance, and how communities interact with the landscape, particularly with how
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they experience and understand infrastructure. The case studies show how to make a
GI project actually happen and not remain just an idea on paper or a single test site.
There are a number of key characteristics that help to make a project a success, such as
collaboration, political support, and financial support. Cities and non‐profits who are
interested in implemented similar projects can look to these case studies for best
practices. Hopefully over time there will be an increase in the number of GI projects
across the US, and resulting best practices will develop about how to design, implement
and evaluate successful GI projects.
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Appendix A
NAME

LOCATION

TYPE

Million Trees – NYC

NYC

Urban forests

Cedar Rapids River Corridor Redevelopment Plan

Cedar Rapids

flood control

Bellevue, Washington

Bellevue

flood control

Green Infrastructure for Tomorrow

Wisconsin

Green Infrastructure

PlaNYC

NYC

Green infrastructure

NYC Green Infrastructure

NYC

Green infrastructure

City of Chicago

Chicago

Green roofs

City of Seattle

Seattle

Green roofs

City of Toronto

Toronto

Green roofs

City of Vancouver

Vancouver

Green roofs

Saginaw Bay Greenways Collaborative

Greenways

Mountains to Sound Greenway

WA

habitat

Metro Greenways Program ‐ MN

Twin Cities

habitat

Portland, Oregon: Forest Park

Portland

habitat

Bitmap Project

Mass

habitat

Maryland’s Green Infrastructure Assessment

Maryland

Habitat

Chicago Wilderness

Chicago

habitat

Erie Canalway National Heritage Corridor

Erie Canal

hydrologic systems

Chicago Green Alleys

Chicago

LID

Portland Trails

Portland

park systems

Atlanta BeltLine Redevelopment Plan

Atlanta

park systems

City of Seattle ‐ LArch+Natural Systems

Seattle

parks systems

Open Space Seattle

Seattle

Parks systems

City of Boulder

Boulder

parks systems

Olmsted Metro Boston Master Plan

Boston

parks systems

Portland Green Streets

Portland

stormwater

City of Cambridge

Cambridge

stormwater

Philadelphia Green

Philadelphia

vacant lots

Back Bay Fens

Boston

Wetlands, flood control
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Appendix B
INTERVIEW QUESTIONS | PORTLAND GREEN STREETS
History








When did the idea for the project first start?
How did the project start? Whose initiative was it?
Who were the key people/organizations/stakeholders involved?
Who were the key figures/political process/ regulations?
What was the goal of the project in the beginning? Did this change from beginning to end?
What size/scale was envisioned for this project? Did this change over time?
What were some of the challenges (e.g. regulation, political, environmental, social, educational, etc) that needed
to be overcome for the project to happen?
Planning + Design
 How were the sites selected?
 What are the design guidelines? What considerations needed to be made?
 How was circulation considered?
 What did the public process entail? Who was involved with this?
 Was there community engagement? What did this entail?
 Who were the designers for the site? How were they selected?
 Was there collaboration for the designs (between the designers, engineers, hydrologists, etc)
 Is Green Streets part of any other City initiatives? (e.g. street improvements, civic repairs)
 What other intentions/goals were there for the design?
 Were there any precedents? If yes, what were they?
 Did any local regulations needed to be changed for the project? If yes, which ones?
Environmental Considerations
 What were the hydrologic and ecologic considerations?
 Who conducted the hydrologic , geologic and ecologic analysis? (Who did the water, soils and plant material
studies?)What were their methods? What models were used?
 What scenarios are considered? Flooding? Extreme flooding? Snow? Drought?
 What was the desired function of the sites?
 What is the desired performance of the sites?
 Is there any evaluation and monitoring of the sites?
 How were the plants selected? Who was involved with this?
 What plants would you recommend for similar sites?
 What materials would you recommend for similar sites?
 Are implications of climate considered? If so, how?
 What environmental regulations must you comply with? NEPA?
 Was public funding used? Municipal, county, state, federal… Are you aware now of new sources of funding that
you would have used then?
Implementation + Funding
 What funding sources were applied for? Which were obtained? What were the turnaround periods between
applying for and receiving these funds?
 Who/what agencies were responsible for securing funding?
 Approximately how long did this process take?
 Approximately how much funding came from grants, loans, gifts and donations (fund‐raising), capital budgets
and operating budgets?
 How was the bidding and contractor selection process?
 Who built the project? Who oversaw the construction for you (i.e. owner’s rep)? Did you work with them
before?
Management + Use
 Who maintains the sites? Is this specified? Was this specified beforehand?
 How often does maintenance happen? How many people per visit?
 Is there any monitoring? If yes, how often and by whom?
 What is the replacement rate for plants? Was this specified in the contracts?
 Are the sites performing as expected? What improvements could be made?
 Are there any routine problems with the collection areas? Surprises?
 What other considerations for O+M would have been helpful during the planning and design stages?
 What are the yearly O+M costs?
 Is there any sort of program near the Portland Green Streets‐ education. Tours? Is activity programming part of
the Green Streets project?
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Futures Plans + Recommendations
 Are there plans to extend the existing program? If yes, than how so?
 Where would the additional funding come from?
 What lessons have you learned from the existing sites that would influence other new sites?
 What advice/considerations would you recommend for other towns/cities interested in implementing similar
pilot or citywide initiatives?
 How do you measure the success of the Green Streets initiative?
 Best moments, worst moments, in the planning/design/implementation of this project?

INTERVIEW QUESTIONS | ATLANTA BELTLINE
History







Who were the key people/organizations/stakeholders involved? How did they become involved and/or created?
Is Ryan Gravel still involved on the project?
Who were the key figures/political process/ regulations?
What was the goal of the project in the beginning? Did this change from beginning to end?
Did the scale of this project change over time?
What were some of the challenges (e.g. regulation, political, environmental, social, educational, etc) that needed
to be overcome for the project to happen?
 What were the greatest obstacles to overcome for the project to reach its goal, accomplish its mission? i.e.
different city departments, utility companies, and contractors not talking to each other, refusing to cede or
coordinate, independent jurisdictions, no mechanism to adjudicate, etc.)
Planning + Design
 What are the design guidelines? What considerations needed to be made?
 How is circulation considered?
 What does the public process entail? Who was involved with this?
 What does the community engagement entail?
 Who were the designers for the site? How were they selected?
 Was there collaboration for the designs (between the designers, engineers, hydrologists, etc)
 Is BeltLine part of any other City initiatives? (e.g. street improvements, civic repairs)
 Was there collaboration in the design of the project among the planners, urban designers, architects, landscape
architects, , civil engineers, hydrologists, soil engineers, electrical engineers? Were others not considered
designers incorporated into or consulted on the design: site contractors, maintenance contractors, DPW, other
city departments in charge of signage, street lights, trees, street furniture, waste collection, recycling, etc ?)
 What other intentions/goals were there for the design?
 Were there any precedents? If yes, what were they?
 Is this project consider be an infrastructure or transportation or parks project?
Environmental Considerations
 Have there been any predictions about how much the BeltLine will reduce C02 emissions?
 What trends does the air quality data for Atlanta show now?
 What other environmental consideration are underway? Hydrology? Ecology?
 What environmental regulations must you comply with? NEPA?
 Is there any government funding available for this sort of initiative?
Implementation + Funding
 What funding sources were applied for? Which were obtained? What were the turnaround periods between
applying for and receiving these funds?
 Who/what agencies were responsible for securing funding?
 Approximately how long did this process take?
 Approximately how much funding came from grants, loans, gifts and donations (fundraising), capital budgets and
operating budgets?
 How was the bidding and contractor selection process?
 Who built the project? Who oversaw the construction for you (i.e. owner’s rep)? Did you work with them
before?
Management + Usage
 Who will maintain the sites? Is this specified? Was this specified beforehand?
 What are the considerations for O+M would have been helpful during the planning and design stages?
 What are the anticipated yearly O+M costs?
 Will there be any sort of program (e.g. education, tours) of the BeltLine?
Futures Plans + Recommendations
 Are there plans to extend the existing program? If yes, how so?
 Where might the additional funding come from?
 What lessons have you learned from the existing sites would influence other new sties?
 What advice/considerations would you recommend for other towns/cities interested in implementing similar
pilot or citywide initiatives?
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