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1. PREFACE
This report summarizes the research, findings, and recommendations of the Blue-Green Infrastructure
(BGI) case study in Boston, Massachusetts, USA. It is one of seven case studies in the comparative
research project funded by the Ramboll Foundation. Blue-green infrastructure extends the well-established
concept of green infrastructure (e.g., open space and tree canopy) to encompass hydrologic systems and
processes that make enormous contributions to the aesthetic, functional, and cultural values of urban
landscapes.
Boston was selected as a case study based on its renowned “Emerald Necklace” park system, which is a
continuously evolving example of blue-green infrastructure over the past 130+ years (Figure 1). Designed
by landscape architect Frederick Law Olmsted toward the end of his career in the 1880s, the Emerald
Necklace became a breakthrough project in urban environmental design (Poole, 2002; Zaitzevsky, 1982).
It stands as an early model for addressing functional issues of urban stormwater management on tidal
rivers, and it has been emulated in other cities in the U.S. and internationally.
The Emerald Necklace consists of seven major blue-green components that link sanitary and stormwater
sewerage improvements with river corridor parks, urban ponds, an arboretum and subwatershed, and
Boston’s largest public park. It is well-defined spatially and well-documented in public archives. This early
design precedent underwent major changes in its underlying assumptions as early as the 1910s when its
tidal outlet was dammed, and it became a freshwater reservoir. Other parts of the Emerald Necklace have
been redesigned on multiple occasions over the past century, e.g., to cope with the introduction of the
automobile, and with an ecological restoration design project for the Muddy River that is currently
underway. It is precisely these adaptations and continuities that enable long-term evaluation of its BGI
performance in social and environmental terms, and that offer guidance for other urban BGI initiatives.
At the same time, the Emerald Necklace has missing links, in particular with the Charles River Esplanade
and the large Boston harbor waterfront, which have not yet been well-connected in a unified system. While
the overall Boston park system remains intact, its maintenance and performance have varied over the
decades, as will be shown. These positive and negative lessons are important for current and future BGI
planning and implementation in Boston, the other Ramboll case study cities, and beyond.
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Figure 1. Late plan of the Boston Park System by Olmsted in 1894, which shows his approach to the park as a system
with a contiguous network of amenity spaces from Franklin Park down to the Charles River

This case study report begins with on a brief section on the definition blue-green infrastructure, which is
common to all of the Ramboll case studies. The third section situates the Boston case study by developing
a typology of the key components and contexts of the Emerald Necklace and by comparing Boston with a
large database of other cities, including the other Ramboll case studies. The fourth section offers a
perspective on planning challenges that Boston faces today, to set the stage for asking how blue-green
infrastructure has addressed such challenges in the past, and how it might do so creatively in the future.
The fifth section gives a new interpretation of the Emerald Necklace case study using the Expanded
Process Model, which begins by identifying the initial problem, and then proceeds to the driving forces for
address them with a BGI solution, the enabling and constraining conditions, alternatives considered,
options implemented, their outcomes, and subsequent adjustments as new problems emerge and are
addressed (see Dewey, 1938 for the philosophical basis of the Expanded Process Model; cf. Wescoat,
1992).

This historical geographic approach provides the basis for three sets of findings in sections 6 through 8.
Section 6 reviews the major types of value that have been added by the Emerald Necklace example of
blue-green infrastructure. These comprise its natural capital, built capital, human capital, social capital,
symbolic capital, and financial capital. Section 7 summarizes the findings on Institutional structures and
dynamics that have enabled and constrained development of the Emerald Necklace. Section 8
summarizes the lessons from this case study on Implementation of BGI projects, again both in Boston and
beyond.
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While we treat the Emerald Necklace as an historical case study in this report, it is even more significant as
an important platform for assessing future BGI development opportunities in cities like Boston. The city is
growing in population and thriving economically, though it faces challenges of aging transportation
infrastructure, urban drainage and water quality issues, coastal sea level hazards, and long-term social
concerns in housing, schools, and services. In these respects it bears comparison, in particular, with
Copenhagen, Mumbai, and Singapore. Although open space has long been important in the city, we will
show that public funding for it has declined in real terms in recent decades, and the city very much needs to
understand the current and future value of blue-green infrastructure. Thus Boston will need to continue to
th

draw motivation from other cities, as it did from Hamburg in the late-19 century, and as it does today from
cities like Portland, New York City, and others.

2. DEFINING BLUE-GREEN INFRASTRUCTURE (BGI) IN BOSTON
This section introduces the concept of blue-green infrastructure (BGI), with some initial comments on its
1

relevance for Boston. This definition of BGI is shared across all of the Ramboll case studies. A more
Boston-specific case study introduction is presented later in the report.
The concept of “green infrastructure” and its benefits for ecology and social life are increasingly
well-established in urban environmental planning, policy, research, and design. However, much green
infrastructure is closely linked with and even defined by “blue” water processes. Some cities such as
Boston continue to describe these values and systems as “parks” and “open space.” Open space now
seems somewhat empty of meaning while infrastructure implies practical functions and performance.
An increasing number of cities are creating or restoring urban water bodies and systems to enhance urban
livability and quality of life. Blue-green infrastructure projects are proliferating in exciting ways. Research is
now needed to identify, analyze, and enhance the benefits and added values stemming from this
combination of blue-green infrastructure, especially its impact on improving social life and
human-environmental experience.
Boston is arguably one of the earliest examples of an explicitly BGI development, beginning in the 1880s
that was a system of water and landscape parks that came to be known as the Emerald Necklace. It is the
focus of this report.

What do we mean by Blue-Green Infrastructure (BGI)?
Blue-green infrastructure (BGI) is a dynamic system in urban contexts that connect vegetation with
waterbodies. BGI integrates hydrological and biological water treatment trains in systems where green

1

It was drafted by Herbert Dreiseitl, Bettina Wanschura, Matthias Worlen, and James Wescoat.
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features are integrated and seamlessly overlapping with blue features. Together they strengthen urban
ecosystems by evoking natural processes in man-made environments. The hypothesis is that such
systems have a positive impact on the experience and behavior of people using these infrastructures that
have societal benefits.
The term green infrastructure often refers to areas with plants including their rhizomes and natural
substrates like parks, green roofs, greenbelts, alleys, vertical gardens on buildings, etc. The Boston
Common was the earliest example of this concept, arising with the origin of the city itself to provide
common grazing land, then common gather space, in the 17th century. “But BGI often involves
non-vegetative, constructed surfaces and substrates, such as porous hardscapes, loose stone infiltration
basins, gravel wetlands and specialized soils for root growth in narrow spaces.”
Blue infrastructure is related to hydrological functions including urban stormwater systems as well as
surface and groundwater bodies. This water infrastructure may be natural, adapted or man-made and
provide the functions of retention, storm water treatment, reuse, groundwater infiltration, sewer treatment,
freshwater supply, etc. Coastal cities like Boston originate around the blue infrastructure of freshwater
supplies adjacent to tidal rivers and harbors for trade.
Blue-green infrastructure brings these two systems and values together in ways that are greater than the
sum of their individual benefits. The benefits of this more integrated approach can range from a stronger
sense of place to the health, happiness, and aesthetics of urban environmental experience. Interestingly,
Boston’s first official “park” was a sanitary waterway improvement – i.e., blue-green infrastructure -- known
as the Back Bay Fens, which is a key component of this case study.
In BGI research we especially look at cases where these benefits can be documented, and where
blue-green infrastructure can be actively used by people, thus being relevant for social life in areas for
recreation, improvement of walkability or bikeability, and beauty.

What are the objectives of BGI?
Blue-green infrastructure combines the demands of sustainable water and stormwater management with
the demands of urban planning and urban life, and thus it:
•

Brings the urban water cycle closer to natural hydrologic processes to provide more efficient water
treatment, use, supply, as well as mitigation of droughts and floods)

•

Contributes to the visual and recreational amenity of the city’s ecological and built environment.

•

Helps manage conflicts between urban settlements and negative impact on natural systems in
innovative ways (e.g., by protecting ecosystems, caring for public open spaces, and adapting to for
climate change,)

•

Improves urban sustainability and livability.
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This graphic illustrates the gradient from grey
infrastructure at the top to blue and green
infrastructure being adjacent but functionally
separated from each other (second) to overlapping
blue and green infrastructure in a riverbed with
green banks (third) to full integration of blue-green
stormwater management from on roof tops and
vertical gardens to naturalistic drainage systems
(bottom).
The most defining quality of BGI is this overlapping
of blue and green features and processes that
provide relevant functions and services. Its
services are (1) water related, (2) ecosystems
related, (3) have benefits on the social life and by
doing so are (4) financially relevant.

Blue-green infrastructure: gradient from separated to
integrated systems (Herbert Dreiseitl)
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This intersection of blue, green and social benefits can:

•

Balance water flows (Reduce stormwater runoff and peak flows through local detention and
retention measures in soil interstices, minimization impervious areas, etc.)

•

Improve water quality (reduce organic pollution through mechanical filtration, biological cleaning,
accumulation of oxygen in the soil, etc.)

•

Enhance ecosystem services (micro climate improvement like balanced temperatures and
evaporative cooling, buffer wet and dry conditions, increase of biodiversity, reduce fine dust and
improve air quality, metabolism and photosynthesis, etc.)

•

Broaden societal benefits (recreational spots for mental and physical health, attractive meeting
places, promotion of creativity, aesthetical values, etc.)

•

Increase financial benefits (reduce drainage infrastructure and the related development and
maintenance costs, etc.)

What is needed to create Blue-Green Infrastructure?
To implement BGI projects or citywide systems, an interdisciplinary cooperation of water management and
urban environmental planning and design is needed. BGI considers all parts of the hydrological cycle and
strives for its integration with the design of green spaces. Integrative strategies care jointly about ecological,
economic, social, and cultural sustainability. The Boston case study shows that institutional integration is
ideal, integrative approaches to BGI design and implementation can occur within single or dual-agency
contexts.
As demonstrated by the principles for Water Sensitive Urban Planning, methods and technologies that
were once solely a civil engineering issue are expanding to include a much broader array of disciplines.
This adds a level of complexity never-before seen in stormwater management discourse, for example,
particularly with regard to aesthetics and open space planning. The main challenges for sustainable
stormwater management are not technological, but increasing awareness of the benefits and supportive
skills needed for BGI implementation. To move forward, communication must improve, and ecologic,
economic and social arguments proven by data-driven analysis.
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3. SITUATING BOSTON’S BLUE GREEN INFRASTRUCTURE IN A LOCAL,
REGIONAL & COMPARATIVE INTERNATIONAL CONTEXT

This section introduces the Boston case study in detail. It describes the case at three geographical scales.
First, it presents key facts about Boston’s Blue-Green Infrastructure project, known as the Emerald
Necklace (Necklace). We then proceed to a broader perspective on how the Emerald Necklace fits within
the larger context of regional water and environmental systems in the Boston metropolitan area. Finally,
we scale out to consider how Boston’s urban water system compares with that of other cities around the
world including the seven Ramboll case study cities. This sets the stage for an analysis of the planning
challenges that cities like Boston face in section 4.

a. The Emerald Necklace as a set of landscape places, types, and institutions
The Emerald Necklace consists of a rich variety of landscape places, types, and institutions. Figure 2
provides a map of the spatial connectivity among these places as part of a larger park system, and their
overall perception by the people of Boston as a valued landscape. The Emerald Necklace is a beloved
place for Boston, and it is a significant part of the city’s identity. As will be discussed in a later section of the
report, these qualities may be interpreted partly as an example of the “biophilia” or love of nature among
urban residents, and partly as an example of “symbolic capital,” in how Bostonians envision their city.

Figure 2. Modern map of the Emerald Necklace. Source: Emerald Necklace Conservancy

At the same time, each bead on the Emerald Necklace is a different kind of jewel. Commonwealth Avenue
is an urban boulevard, constructed on reclaimed land. The Back Bay Fens is a downstream urban
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drainage improvement amenity, and the first Boston’s public parks. It is linked with other parks upstream
by different types of urban greenways, such as the Riverway and Arborway. Several small urban
reservoirs or “ponds” highlight the middle reaches of the watershed. They are connected by a landscaped
Arborway to the Arnold Arboretum, which is internationally renowned for its combination of scientific botany
and landscape design. Further along the Arborway lies Franklin Park, which is the largest park in Boston
and, according to Olmsted, the only true “park” in the Emerald Necklace.

2

These key components of the park system vary greatly in size (Figure 3), from Franklin Park’s 166 hectares
to the small connective corridors of Commonwealth Avenue and the Riverway, which have only 1 hectares
of green space.

Figure 3. Components of Boston's Emerald Necklace, ordered by area

Remarkably, once authorized, the Emerald Necklace system was constructed in a concentrated period of
roughly two decades (Figure 4). To be sure, it had deeper historical roots. The historic “Boston Common”
th

th

originates with the City itself in the early 17 century, but it was not until the mid-19 century that the next
major space known as the Public Garden was built next to the Common. The Public Garden was then
extended along Commonwealth Avenue, an urban boulevard built on reclaimed land in the tidal estuary,
and the start of the system that would become the Emerald Necklace (Seasholes, 2003).

3

The park system did not develop instantly. Several proposals were put forward in the 1860s and 70s
(Zaitzevsky, 1982). However, it was not until Olmsted’s plan that the Boston Parks Commission was able
to implement the system described here. How did this happen? How did the system endure and evolve

2

Olmsted believed a “park” had to have large open vistas both for public gathering in visual respite. He insisted that the Back Bay
Fens, by comparison, was an urban sanitary improvement.
3

A surprising finding in this research is that the phrase “Emerald Necklace”, which is associated with Olmsted did not
seem to have been used until the 1970s. Olmsted and the City described it as the “Boston Park System.” This
renaming has proven a very successful “rebranding” of Olmsted’s contribution.
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over time? What values does it have today? How can answers to these questions help us envision and
implement new blue-green infrastructure revolutions in Boston and other cities in the near future? These
are the questions that we seek to answer in this report.

Figure 4. Figure showing a timeline of construction of the components of Boston's Emerald Necklace. Emerald
Necklace components are ordered by size.

b. The Metropolitan Blue-Green Infrastructure Context of the Emerald Necklace
The Emerald Necklace does not exist in an environmental vacuum. It is part of larger scale blue and green
infrastructure systems at the metropolitan scale. Table 1 begins with the Emerald Necklace components
4

described above, which are owned and managed by the Boston Parks and Recreation Department . A
non-governmental civic organization founded in 1998 known as the Emerald Necklace Conservancy (2014)
raises funds for Necklace conservation projects and programs.
Table 1. Typology of Boston’s Blue Green Infrastructure

Places
Emerald Necklace
Commonwealth Ave
Back Bay Fens
Riverway
Jamaica Ponds
Arborway
Arnold Arboretum
Franklin Park
Boston green
infrastructure
Muddy River & Stony
Brook watersheds
Green Alleys and Audubon
Circle
Charles River
Metropolitan Park System
of Greater Boston
Charles River Basin
Charles River Esplanades
Metropolitan Water
Resources Authority

Types
Historic Park System
Downstream urban boulevard
Lowland drainage improvement
Urban stream & travel corridor
Small upstream reservoirs
Landscaped urban parkway
Upstream public scientific park
Upstream public recreational park
Open space, canopy & pervious cover

Organizations
Boston Parks and Recreation
Department
Emerald Necklace Conservancy

Multiple agencies

Major urban watersheds of Boston

BWSC

Local, stormwater demonstration projects

BWSC, Public Works Dept.

Major regional watershed
Regional park system

Multiple Agencies

Downstream reservoir
Downstream riverbank parks
Regional water and wastewater system

MA DCR
MWRA

4

A small portion of The Riverway is located within the Town of Brookline and the Parkways alongside the Necklace are
on state-owned land.
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Over time, the City of Boston developed larger systems of “green infrastructure”, i.e., in its parks and
playgrounds, open spaces, tree canopy, and pervious land cover. For example, the City recently added a
set of four ecological stormwater management Demonstration Projects, required in a Consent Decree, by
the Boston Water and Sewer Commission (Marks, 2014). These and other projects are managed by a wide
array of only partially coordinated City departments.
In hydrologic terms, the Emerald Necklace is situated in parts of two small urban watersheds, known as the
Muddy River and Stony Brook, which affect its “blue” processes and performance. The watersheds have
not been designated or treated as blue-green infrastructure. Instead, the Boston Water and Sewer
Commission (BWSC) manages them primarily for functional purposes such as stormwater collection,
conveyance to the Charles River and flood mitigation by (Figure 5). Interestingly, it is when they intersect
parts of the Emerald Necklace, such as the Arnold Arboretum and Back Bay Fens that their infrastructure
value is expanded to encompass other environmental and social benefits (Tenny-Broga, Arnold Arboretum
Archives, 2015; and Poole, 2002).

Figure 5. Urban Watersheds that encompass the Emerald Necklace. Source: USGS.
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As shown in the inset map to Figure 5, these small urban watersheds are tributary to the larger Charles
River watershed that drains 35 communities before discharging into Boston Harbor. The Charles River
watershed is managed by numerous agencies from the Federal to State, Municipal, and NGO levels
(Figure 6). For example, water quality is managed by the U.S. Environmental Protection Agency,
Massachusetts Department of Energy and Environment, and municipal water quality permits. The Charles
River Watershed Association is a prominent NGO that monitors and advocates for water quality
improvements. It also directs a Blue Cities program that supports BGI projects in Boston and surrounding
communities.

Figure 6. Charles River Watershed in Metropolitan Boston, indicating the downstream location of the Emerald
Necklace park system. Source: CRWA?

The lower Charles River basin and Esplanade parks are immediately connected with the Emerald
Necklace’s Back Bay Fens, which is managed by the Massachusetts Department of Conservation and
Recreation (DCR) (Figure 7).

Figure 7. Downstream Charles River waterfront parks managed by the Massachusetts Department of Conservation
and Recreation (DCR), indicating the Emerald Necklace point of discharge into the river.
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These lower Charles River parks then fit within a larger Metropolitan Park System of Greater Boston, which
is also managed by the Massachusetts Department of Conservation and Recreation (Figure 8). That park
system was envisioned and implemented at almost the same time as the Emerald Necklace, by Olmsted’s
famous protégé, Charles Eliot. It too linked the blue infrastructure of rivers, ponds, and reservoirs, with the
green infrastructure of forests, parks, and landscaped transportation corridors. To this day, some park
roads in the Emerald Necklace are managed by DCR. Thus, one would imagine that these similarly
structured urban and regional BGI systems could be integrated in a way that function as a single multi-level
system. Although these different administration park jurisdictions coordinate with one another, they have
not been able to gain major synergies from one another, which is a limitation that needs to be understood
and hopefully transformed.

Figure 8. Metropolitan Park System of Greater Boston, in which the Emerald Necklace area is indicated as a red
rectangle.

The final important layer of blue-green infrastructure included here is the Metropolitan Water Resources
Authority (MWRA). The MWRA has responsibility for collection, storage, and distribution of water resources
to the City of Boston and many of its suburbs. It is also responsible for collection, treatment, and discharge
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of metropolitan sewage (Figure 9). This system provides an essential regional water resources perspective
on blue-green urban infrastructure for several reasons: 1) if urban BGI can recharge soil moisture and
groundwater, it can conserve and reduce regional water demand; 2) it can slow down and reduce the
volume of stormwater that enters regional sewerage systems; and 3) it thus can also reduce energy and
capacity requirements of regional water and wastewater treatment plants. With separation of combined
sewers in cities like Boston, some of these historical linkages are changing, but the connections among
regional water supply, demand, and disposal planning are key dimensions of urban BGI, as elaborated in
the next section on key urban and water attributes of the Boston case study.

Figure 9. Metropolitan Water Resource Authority’s supply region

c. Profile of Urban, Water, and Environmental Systems in the Boston Metropolitan Region
In this section we introduce the broader context of Boston as a city, which is defined in part by its
population size and density, hydroclimatic water supply, and per capita water demand.
Boston, MA is the state capitol of Massachusetts. It was settled in 1630 and is therefore one of the oldest
urban areas in the original 13 U.S. colonies. Boston was officially incorporated as a city almost two
centuries after its settlement, in 1822.

i. Population Size and Density
By 2013, the population was 655,884 people, while that of the metropolitan area was 4.6 million, making it
the 10th largest in the United States. Boston’s city area is 232 km2, and that of the metropolitan area is
~11,700 km2, so the population densities of the city and metropolitan area are 2,825.4 and 396
people/km2, respectively. Figure 10 indicates the wide range of densities in the City, and it is interesting
that the Emerald Necklace parks extend from high to middle density areas of the City. The high density,
high value, land was actually part of a reclamation process that acquired the land when it had much lower
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cost, and sold adjacent parcels of appreciating reclaimed land to finance additional parks (Berrezebeitia,
pers comm. 2015).)

Figure 10. Boston population density by Census Block

Boston, as a city in the U.S., is considered to have a very high Human Development Index of 0.914. It is
ranked 5th in the world. The nominal GDP for the Boston metropolitan area for 2013 was USD$ 370.769
billion in 2013, placing it in the top 10 U.S. cities (as ranked by metropolitan GDP for 2013). Dividing by the
population of the Boston metropolitan area gives a nominal GDP per capita for 2013 of USD$80,098 (BEA,
2014).

ii. Hydroclimatic Water Supply
Boston is located at latitude of 42° 21’ N and a longitude of 71° 03’ W on the eastern seaboard of the
United States of America. It is classified in the Köppen climate classification system as having a humid
continental climate with hot summers (Dfa). This can be visualized using a water budget approach (Figure
11).5 The monthly water balance chart and data were obtained from the online interface WebWIMP
(climate.geog.udel.edu/~wimp/). A water budget diagram plots two variables, Precipitation (P) and

5

The hydroclimatic terms water budget and water balance are used interchangeably. It is important to note that the
water budgets described here are point data, and do not describe the watershed or water system’s overall supply.
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Evapotranspiration (ET). From those two variables and initial assumptions about soil conditions, one can
estimate changes in Storage (DST), Surplus (SURP), and Deficit (DEF).

Figure 11. Components of the net annual water balance for Boston, MA. Source: WebWIMP. URL:
climate.geog.udel.edu/~wimp/.

As shown in Figure 11, Boston has a surplus water balance for most of the year and only has a deficit for a
few months during the summer. The average total monthly precipitation is quite constant for Boston, MA
throughout the year. The monthly average is 93.4 mm/month +/- 8.5 mm/month (about 10%), and the range
among months is only 31mm. This bears comparison with other humid European cities and also Singapore,
and it stands in sharp contrast with monsoon climates such as Mumbai and arid climates.
The minimum and maximum temperatures experience a much larger variation throughout the year, ranging
from around 0°C in the winter months of December, January, and February to warm temperatures during
the summer months of June, July, and August. These differences in temperatures have substantial effects
on evapotranspiration rates (ETo), which peak at about 150 mm per month in mid summer.

The net surplus water balance in the spring and fall months, and the net deficit water balance in summer,
are summarized in figure 12 below.
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Figure 12. Net monthly water budget for Boston, MA in mm/month

In addition to these average conditions, it is important to understand patterns and trends in extreme storm
events (Fig 13). Boston receives an average of 16 heavy rains per annum.6 These are storms greater than
7.6 mm/hr, and again they bear comparison with European but not monsoon Asian urban storm events.

Figure 13. Histogram of the number of heavy rain events per year, as defined by rainfall events exceeding 7.6mm/hour

6

Number of heavy rains per annum is based on data from 1948-2012. The standard deviation was +/- 7. The definition
for heavy precipitation used was any event exceeding 7.6mm in an hour. Precipitation data was obtained from the U.S.
National Oceanic and Atmospheric Administration (NOAA).
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iii. Annual water demand
In addition to the demand that climate makes on natural rainwater supply, it is important to understand the
water demand of cities. The international Urban Metabolism database at MIT lists Boston’s water use at
approximately 315 liters per capita per day (lpcd). This amount reflects gross supply divided by population.
Actual per capita water use at the household level is somewhat lower, and is declining, based in part on
loss and leak control, in part on conservation demand management, and in part on increasing water prices.
The current household standard for cities in Massachusetts is 65 gallons per capita per day (246 lpcd). We
offer a comparative international perspective on Boston’s population density, water supply, and water
demand in the section that follows.

d. How “Boston” Fits Within a Larger International Sample of Urban Water Systems
Our research compared Boston and the other Ramboll case study cities with a larger sample of 142 cities.
This section shows how Boston compares with these other cities on three key criteria relevant to the study:
net climatic water budget, annual per capita water use and urban population density (figure 14).

Figure 14. Comparative urban and water variables in the Ramboll study.
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The left hand figure shows that Boston is one of the smaller cities in the Ramboll study in terms of
population size. The chart second from the left shows that Boston has a median population density. It has
the third largest annual water surplus in hydroclimatic terms, and it has an above median per capital water
use. Boston thus is in a relatively good position with a high supply relative to its demand; even so, it has
needed to develop a long distance regional water reservoir and aqueduct system to supply the City and its
suburbs. These four variables are compared for the Ramboll case study cities below.
i. Population and Population Density
Mumbai is the case study city with the largest population. In the larger database of cities, its size is
exceeded only by Shanghai. However, in this study, New York and Singapore are also quite large in terms
of population. Hamburg is close to the middle as far as population goes, while Boston, Hanover, and
Copenhagen are all smaller cities relative to those in the database. While population density is correlated
with population size, smaller cities like Boston and Copenhagen are similar in density to Singapore. The
two German case studies are similar in density despite being very different in population size. Population
size and density are useful to keep in mind when comparing BGI projects in different urban contexts.
Arguably, density is more significant in affecting and constraining what can be done in spatial terms, while
population size may affect what can be done in terms of programming.
Table 2. Selected city attributes for the Ramboll cases, including those for variables used in clustering

Variables Used in Clustering
City

Boston
Copenhagen
Hamburg
Hanover
Mumbai
New York City
Portland
Singapore

Population

Population
Density

Average Per Capita Water
Consumption

Net Annual
Water Balance

Millions

Capita/km2

m /capita/year

3

L/capita/day

m /year

0.599
0.505
1.60
0.518
12.0
8.27
0.584
4.59

4783
5740
2258
2541
19865
10350
1689
6582

115
64
57
46
36
149
151
135

315
175
156
126
99
408
414
367

0.540
0.063
0.073
0.050
1.231
0.332
0.980
1.030

ii. Hydroclimatic water supply
Of the eight case studies in the table above, Boston's net annual water balance puts it in the middle, along
with New York. Mumbai has the highest net annual water balance, followed closely by Singapore. Both
Mumbai and Singapore have an excess of 1m/year, though Mumbai has more pronounced monsoon wet
and dry seasons. The European case study cities of Hanover, Hamburg, and Copenhagen do not have
annual surpluses or deficits, on average, but may be more susceptible to deficits in periods of drought and
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climate variability. When we look at where these cities lay in the rank order plot of net annual water
balance, we see that the size case studies lay in pairs that lie relatively close together.
We also found that the case studies do not have any representation for the cities with large negative net
annual water balances. This is a distinct and significant gap in the coverage of the case studies. It is true
that cities with net annual water balances can be considered to reside in arid regions. However, it would be
incorrect to assume that these cities would not benefit from BGI. On the one hand, while a city may have a
negative net annual water balance, there may be some months where the net monthly water balance is
positive. And even during months where the monthly balance is negative, a city in an arid region may still
receive an intense rainstorm. A case in point is the city of Los Angeles, which is in the middle of an historic
drought. Yet at the same time that efforts to conserve water are ramping up due to drought conditions Los
Angeles has been pummeled by severe rainstorms that have caused major landslides and significant
property damage. In fact, Los Angeles also has an effort to expand BGI within the city to mitigate
stormwater runoff, similar to the Ramboll case studies. Similarly, Riyadh, Saudi Arabia, just received the
Aga Khan Award for Architecture for its extensive Wadi Hanifa Wetlands Project. Thus, net annual water
balance affects the types of BGI water and plantings patterns appropriate for BGI projects in different cities,
but all cities have BGI potential and can draw by analogy from the Ramboll cases.
iii. Water use
New York City has the highest per capita water consumption of the Ramboll cases, followed closely by
Portland, which is widely regarded as a water-conserving city. New York, Portland, Singapore, and Boston
are in the upper half of cities in terms of per capita water consumption, while Copenhagen, Hanover, and
Hamburg, are in the lower half. There could be greater representation of cases between Boston and
Copenhagen, which drops from 315 to 175 lpcd. At the low end, Mumbai is the only case study with an
average per capita water consumption of less than 100L/capita/day, and the standards in India are to raise
that amount to 135 lpcd. This is around the threshold of the WHO recommended daily allowance for water
for human health, which is between 50-100L/capita/day. In reality, the residents in Mumbai have widely
different levels of access to water and sanitation. There is greater potential to explore the types and
benefits of BGI that develop in these different water use circumstances.
The next step is to analyze these variables jointly, in order to classify the case study cities by their
population density, water balance, and water use.

e. Cluster Analysis of Urban and Water Variables
When we examine jointly the three variables most relevant for this study – urban density, water supply, and
water use – using a hierarchical cluster analysis. -- The results are plotted as a dendrogram and shown in
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Fig. 15. When the dendrogram is split into six clusters, Boston is grouped into a cluster with Singapore and
New York City. It is also interesting to consider which cities are most similar to Boston and these other
cases within the larger cluster. The subclusters that include the case studies are shown in Fig. 16.
Examining the subclusters, we see that Boston is grouped most closely with Minsk and Panama City. New
York was paired with Geneva only at the same level of similarity. In contrast to New York and Boston,
Singapore is grouped with a number of different cities. It is grouped most closely with Buenos Aires and
then this pair is grouped with Melbourne. At the next level of clustering, it was then grouped together with
the pair of Amsterdam and Chicago. Finally, the subcluster includes Sofia, Shanghai, Kuala Lumpur, and
Anchorage.
Among the Ramboll case studies, Boston is most closely associated with Singapore, followed by New York
City and Portland, followed by Copenhagen (figure 16). It is significantly different from the cluster that links
Hamburg, Hanover, and Mumbai (i.e., low water use cities).

Figure 15. Dendrogram of cluster analysis results.
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Figure 16. Close-up of the Boston, Singapore, and New York city subgroups of the dendrogram shown in Fig. 15.

These cluster analysis results should be interpreted as relative relationships between cities based on the
three variables used to cluster them. These types of data-mining provide information about how similar and
different the Ramboll case studies are relative to 136 other cities around the world. While these 136 other
cities have not been examined in the same depth as the Ramboll cases, they provide some context for
understanding how the cases compare with each other as well as with other cities around the world.
With these ways of situating the Boston case study in local, regional, and international terms, we are now
prepared to examine the BGI planning challenges that cities like Boston face today.
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4. CHALLENGES THAT CITIES LIKE BOSTON FACE TODAY
With this urban, regional, and international context for the Emerald Necklace case study, we may consider
the challenges that cities like Boston face today. Boston’s challenges are most fully presented in its plans,
budgets, and open space studies, which are the product of intensive community and professional
consultation. This section of the report reviews the challenges identified in current plans, with a special
emphasis on the extent to which they include proposals for BGI to address those challenges. As such, this
section discusses the role of BGI in Boston’s plans, and not the research team’s arguments about what
BGI could and should be in Boston, which are research inferences drawn in later chapters of the study.
Urban Scale Challenges
7

Each year the Mayor of Boston (2015) offers a Boston State of the City address. In his first state of the
city address Mayor Martin Walsh identified the following four challenges and priorities for Boston:
•

Improving Education for Today and the Future (performance; facilities)

•

Spurring Innovation, Supporting Creativity (start-ups; IT; apps)

•

Stronger Neighborhoods, Making Housing More Accessible, Affordable (incentives; makeovers)

•

Helping Our Most Vulnerable Residents (e.g., seniors)
8

He also referred to Boston’s membership in Rockefeller Foundation’s 100 Resilient Cities program. Two
points stand out in the Mayor’s address: First, the challenges he described did not mention the city’s blue
or green infrastructure, which is a challenge for the field. For BGI to gain greater traction in public finance,
it will have to address the pressing socio-economic challenges that were addressed. Second, the month
after the mayor’s address, Boston experienced an unprecedented record snow emergency (~110 inches),
9

which crippled urban transportation infrastructure and daily activities. In addition to winter storms, the
number of intense rainfall events has increased in frequency and intensity in recent years (Figures 13 and
14). Sea level rise and coastal storm surge are escalating concerns in Boston. The question that comes to
mind, but that was not mentioned in the Mayor’s address is: How might BGI in Boston address new
challenges from extreme weather events?

7

http://www.cityofboston.gov/stateofthecity/
http://www.100resilientcities.org/
9
http://www.mass.gov/governor/docs/news/attachment-a-severe-winter-weather-pattern-impacts-supplemental-info.pd
f
8
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Figure 17. Figure of the 5 minutes precipitation intensity vs. storm return frequency. Research suggests that more
intense storms will become increasingly frequent. This leads to increased risk of flooding and flood extent, with
associated damages.

Figure 18. Plot showing the return precipitation height (in mm, on the ordinate) associated with various storm durations
(in hours, on the abscissa) for various storm return frequencies (in years, identified by individual plots and different
colors). The line texture shows the minimum, mean, and maximum of the range of associated precipitation heights for
the different scenarios.
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However, on a separate occasion the same Mayor of Boston (2015) stated:
The future of Boston lies in its parks and open spaces. Our parks bring people
together, diffuse social pressures, educate and strengthen our children, cool our
planet, keep us healthy, and add economic value to our endeavors. They can
become a powerful organizing force for advancing our city’s image.

10

As we shall see, this statement conveys many of the types of “value” and “capital” that are examined in a
later section of the Boston study, namely, natural capital, social capital, human capital, built capital, and
symbolic capital.
In administrative terms, the Boston Redevelopment Authority (BRA) has the principal responsibility for
preparing plans for the City. A recent BRA publication presents a demographic and economic profile of the
City, listing some of its current challenges as:
•

11

Growing population size, diversity, and youth. The city is #6 in the nation in immigration; and
major immigrant groups include those from the Dominican Republic, China, Viet Nam, and Latin
America.

•

Boston is #1 in growth of young professionals

•

It is a well-educated population (#5 higher education);

•

Growing employment (esp., computers, food and drink, health; though it has experienced losses
in financial & investment employment).

None of these demographic attributes are linked with environmental conditions. However, other BRA
environmental planning initiatives do have actual or potential connections with BGI. They include:
12

•

Climate change preparedness and resiliency

•

Living with Water 2015 design competition for coastal planning

•

Waterfront planning and development

•

Water transportation

•

Urban agriculture

13

14

15

16

It is not clear how such challenges and planning initiatives relate to one another, which is usually the task of
a comprehensive plan. However, it may come as a surprise that Boston had not prepared a
comprehensive plan in fifty (50) years! Again, in 2015, BRA began a process for BOSTON 2030, its first

10

Mayor Martin J. Walsh, Transition Team Report on Energy, Environment and Open Spaces, April 2014 – quoted in
Draft Open Space Master Plan, 2015, p. 2-1
11
BRA. Boston Economy Publication 2013.
http://www.bostonredevelopmentauthority.org/getattachment/86038673-b830-4152-9108-3c50978aa69e/BOSTON
12
http://www.bostonredevelopmentauthority.org/getattachment/b0847519-3045-4d2f-b7e7-23e6b91f63c4
13
http://www.bostonlivingwithwater.org/
14
Downtown Waterfront Public Realm Plan DRAFT 4-09-14
15
South Boston Waterfront Sustainable Transportation Plan Executive Summary 2015-01-15.
16
Article 89 Made Easy - Demystifying the City's New Zoning Article for Urban Agriculture	
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comprehensive plan in 50 years (to be completed in 2017). The Boston 2030 Request for Proposals (2015)
gives a sense of major challenges facing Boston today. The RFP identifies 8 major themes:17

1. Housing: Building the housing that keeps Boston accessible to all.
2. Mobility: Creating an efficient, equitable, sustainable transportation system.
3. Environment + Adaptation: Using our natural resources wisely while preparing for the impacts of
a changing climate.
4. Parks + Open Space: Providing world-class spaces for recreation and public life.
5. Prosperity + Equity: Creating jobs and supporting education and workforce development
infrastructure to broaden economic opportunity.
6. Arts, Culture + Creativity: Enriching Boston and harnessing our creative potential in all
endeavors.
7. Land Use, Design + Placemaking: Building on a rich tradition of creating vibrant urban places
and neighborhoods.
8. Health: Improving and sustaining the health of our population.
The Parks and Open Space theme is most closely associated with BGI, but it is framed in the old language
of parks and open space rather than BGI ideals of urban landscape restoration, biophilia, or ecosystem
services. Each of the other themes can be associated with and positively affected by Blue-Green
Infrastructure. For example, Housing can acquire greater value through BGI, and climate adaptation can
be enhanced by BGI. The arts, culture, creativity, and placemaking are all advanced by BGI. The rapidly
growing field of the health benefits of environmental design can be directly linked with BGI.18 However, the
text of current plans indicates that these connections would need to be made far more explicit than they are
at present.
Thus, a major finding is that Blue-Green Infrastructure is at present implicit, and not a
coherently defined goal for urban planning and design in Boston.

Independent of its comprehensive plan, Boston is finalizing a Master Plan for Parks and Open Space for
2015-2021.

19

The nearly 750 page long Draft Open Space Master Plan (OSMP) is organized in seven

major sections: 1) Community Setting; 2) Environmental Inventory and Analysis; 3) Inventory of Lands of
Conservation and Recreation Interest; 4) Community Vision; 5) Analysis of Needs; 6) Goals and Objectives;
and 7) Action Plan. The sections most pertinent to this study are the Analysis of Needs and Action Plan.
The Needs are divided into three major sections: 1) Resource Protection, which includes Greenways,
Harbor Open Space, and Urban Wilds and Natural Areas; 2) Community Open Space and Recreation for
17

http://imagine.boston.gov/#mission.
http://dirt.asla.org/2015/06/03/what-dose-of-nature-do-we-need-to-feel-better/
19
	
  A	
  copy	
  of	
  the	
  draft	
  master	
  plan	
  was	
  downloaded	
  from	
  the	
  internet	
  before	
  it	
  was	
  taken	
  down	
  for	
  finalization;	
  copy	
  on	
  file	
  with	
  
authors;	
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  Master	
  Plan	
  online	
  at:	
  http://www.cityofboston.gov/parks/openspace0814.asp.	
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each major neighborhood of the city; and 3) Open Space Systems Management which includes cemeteries,
community gardens, the Emerald Necklace; Public Shade Trees. Two important aspects of this
organization are first, that with the exception of the harbor, it does not feature water resources; and second,
that what we are calling Blue-Green Infrastructure is split between the first and third sections.
Significantly for this case study, the Open Space Master Plan has a chapter devoted to needs and priorities
for the Emerald Necklace. That vision emphasizes the following topics in its Analysis of Needs:
SPECIFIC TOPICS MENTIONED IN THE OSMP FOR THE EMERALD NECKLACE
Historic Landscape Integrity
Unity of access
Awareness and education
Safety and security
Trees
Shrub plantings
Woodlands
Wildlife management
Water quality
Infrastructure
Structures
Existing Art Works and Memorials
Memorials and gifts
Intrusive elements
Fundraising and collaborative efforts
Maintenance
Project review and approvals
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This list of topics has changed little since the previous Open Space Master Plan for 2008-2015. All of these
topics have relevance for BGI. They include many of the types of value considered here, i.e., natural capital;
built capital; symbolic capital; financial capital; and some measure of social capital. However, they do not
present a visionary list of needs and priorities. They deal mainly with green infrastructure and are
functional and practical in nature.
Finally, Boston recently conducted an innovative Youth Participatory Budgeting exercise that identified four
projects. One of them involves a type of Blue-Green Infrastructure that is less emphasize in professional
practice - installing water bottle refill systems in City parks. These methods of Citizen and Youth budgeting
are very popular, and have great potential.

Regional Scale Challenges
At the larger regional scale envisioned by landscape architect Charles Eliot and others in the late-19

th

century, the MAPC (2014) adopted a MetroFuture plan in 2008 and a Strategic Plan for 2015-20 (2014).
The Strategic Plan adopted the following priorities:
Priority A: Encourage development and preservation consistent with smart growth principles
Priority B: Partner with our cities and towns to promote regional collaboration, enhance effectiveness,
and increase efficiency.
Priority C: Play a leading role in helping the region to achieve greater equity
Priority D: Help the region reduce greenhouse gas emissions and adapt to the physical,
environmental, and social impacts of climate change and natural hazards.
These priorities stress social equity and economic efficiency, which again, have not been as closely
connected with BGI. Detailed sections on Energy, Air, Water, and Wildlife come closer to concepts of
blue-green infrastructure.

20

As mentioned above, the Massachusetts Department of Conservation and Recreation has responsibility for
the Metropolitan Park System of Greater Boston. However, by all accounts that State agency has been
suffering from severely diminishing funding.
The most significant structural in the case of Boston and other U.S. cities is declining
public sector finance, caused by higher social service demands and diminished tax
revenues. Funding cuts jeopardize all public sector initiatives including BGI in the U.S.

20

http://www.mapc.org/sites/default/files/MetroFuture_Goals_and_Objectives_1_Dec_2008.pdf
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Multi-Scale and Urban Civil Society Challenges
Local BGI projects increasingly involve multi-scale collaboration. The Muddy River Restoration Project is
an excellent example. Initiated after the 1996 floods in part to create more flood storage, this project is led
by the U.S. Army Corps of Engineers with active roles by the State of Massachusetts, MWRA, Boston
Water and Sewer Commission, and Boston Parks and Recreation. It also has an Oversight Committee
(MMOC) that includes leading civil society organizations. The MMOC has articulated five major challenges
for this explicitly BGI project: 1) Flood Control Improvement; 2) Improvement of Water Quality; 3)
Enhancement of aquatic/riparian habitat; 4) Rehabilitation of Landscape & Historic Resources; and 5)
Implementation of Best Management Practices (BMPs).

21

Phase I is moving toward successful completion,

but Phase II is held up, once again, by stalled public funding, this time at the federal level.
The Charles River Watershed Association is an active member of the MMOC. It was created to address
the deteriorating regional water quality of the Charles River. It has argued persuasively that these
challenges involve contaminated land use runoff as well as combined sewer overflows. As noted earlier, it
also has a “Blue Cities Program” that is helping develop stormwater demonstration projects mandated by a
Consent Decree, in which the Boston Water and Sewer Department will install and monitor small-scale
blue green infrastructure projects that reduce urban stormwater runoff (Marks, 2014). It is the most “blue”
of the regional organizations.
The next larger regional organization related to BGI is the Boston Natural Areas Network, which supports
the following programs that have much in common with BGI projects.
•

Community Gardens

•

Urban Wilds

•

Greenways

•

Trees & Orchards

•

City Natives

•

Garden Education

22

Returning to the urban scale, the Emerald Necklace Conservancy NGO stands out as an umbrella NGO,
along with some 40 NGOs associated with the various Necklace Parks, greenways, and amenity types.

23

This organization emphasizes volunteer programs and partnership with the Boston Parks Department.
We conclude from this complex scale of challenges that BGI alternatives are being defined
and advanced as much or more by civil social organizations and NGOs, as by public
agencies. Public-private partnerships and civil society organizations are attempting to

21

http://www.muddyrivermmoc.org/.
http://www.bostonnatural.org/index.htm.	
  	
  
23
http://www.emeraldnecklace.org/.
22
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address declining public investment, combining the authority of the state with the
resources of non-state actors.

5. RESEARCH FINDINGS ON HOW BOSTON HAS ADDRESSED SUCH
CHALLENGES USING bgi: THE EXPANDED PROCESS MODEl approach

Historical Geographic Description of the Boston Case
In the course of researching the Boston and Mumbai case studies, we developed an historical geographic
method for describing a case that may have relevance for other case studies in the project.

24

To describe a

BGI case, it is prepare a chronology of its origins and development, along with maps of its geographic
context.
The historical chronology of a case study should begin with its antecedent conditions including both the
problems and inspirations for the Blue Green Infrastructure approach. The major historical periods of this
case study of the Emerald Necklace are:

•

1850s – Large scale tidal land filling for real estate development in Boston. Sewage discharge in
low-lying tidal areas along the Charles River.

•

1870s – Newly created Parks Commission acquires land for recreational and urban improvement
purposes.

•

1880s – Frederick Law Olmsted hired to prepare plans, implemented over the next two decades.

•

1900s – Other major components of the “Necklace” developed

•

1910s – Impoundment of the Charles River changes the brackish tidal regime into a stable
freshwater reservoir, i.e. only the stormwater storage and recreation functions retained.

•

1920s – Major revisions for automobile circulation and extensive conversion of park marshland
for increased recreational use.

24

•

late 1980s-2000 – Master-planning efforts

•

2010s – Ecological design initiatives

For the Mumbai case see Rawoot et al. 2015.
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It is then useful to map the following aspects of the case and its current context:
•

BGI project plan (e.g. design layout plan)

•

City jurisdiction map, indicating the BGI location within it

•

Larger BGI system map (e.g., regional open space plan)

•

Urban watershed map

•

Metropolitan water system map

•

A water budget analysis diagram

We completed and presented this analysis of the Emerald Necklace at the midterm meeting and there is
interest in conducting it for the case study cities. We will provide a water budget diagram for each of the
cities.
Final Report on Process Model Analysis of the Emerald Necklace Case Study
For comparative purposes, this study adopted a common model of inquiry, which we termed an Expanded
Process Model, to document the origins, exploration, implementation, initial performance, and adjustments
in urban BGI projects. The Expanded Process Model approach is inspired by a pragmatist philosophy of
inquiry and action (e.g., John Dewey, Logic the Theory of Inquiry (Carbondale: Southern Illinois University
Press, 1938/1991); E. Latz and A. Light, eds., Environmental Pragmatism (London: Routledge, 1996); Ben
Minteer, The Landscape of Reform: Civic Pragmatism and Environmental Thought in America (Cambridge,
MA: MIT Press, 2006); Donald Schon, The Reflective Practitioner: How Practitioners Think in Action,
Jossey-Bass, 1984); Joan Ochman, The Pragmatist Imagination (New York: Princeton Architectural Press,
2001).
According to Dewey and those who followed him in the fields of planning and design, inquiry begins in a
“problematic situation,” i.e., environmental experience characterized by uncertainty and concern. Persons
in such situations begin to inquire, identifying components of the problem, organizing them, reorganizing
them in alternative adjustments to, and of, the situation, deciding on a course of action and continuously
assessing and modifying that path until the situation is transformed. Dewey contrasted this problem-solving
mode of inquiry with aesthetic experience that he called “having an experience,” that is immediate and
fulfilling in ways that resonate with the concept of “biophilia” (love of nature) in this study (Dewey, Art as
Experience [1934]; for variations on this approach see also, Kellert, Biophilic Design [2008]; and Tuan,
Topophilia: A Study of Environmental Perception, Attitudes and Values [1990]). These ideas have not, to
our knowledge, been applied to urban ecological design projects or programs to date. This section reports
on the findings from this line of analysis in Boston.
Initial conditions and problems that gave rise to the Emerald Necklace Project. BGI projects, like all
human action, emanate from a combination of problematic situations and inspiring opportunities for
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addressing them. In the case of the Emerald Necklace, the initial problematic situation in the mid-19

th

century arose in the lower downstream reaches of the Muddy River where a combination of intense real
estate development pressures and landfilling of coastal marshlands blocked natural drainage and directly
discharged raw urban sewage into the tidal floodplains. This created worsening flood and sanitary health
hazards, as well as an aesthetic nuisance particularly in the Back Bay neighborhood of the city (Zaitzevsky,
1982). These problems were not addressed quickly; indeed they developed over decades until an
investigation took place.
Inspiration for addressing these problems came from several sources: 1) the City of Boston had several
concerned departments; 2) a Boston Parks Commission was created in the 1870s to undertake landscape
improvements; and 3) landscape architect Frederick Law Olmsted became involved in the project in the
later, highly experienced, period of his career (1880s-1890s). Olmsted had served as a member of the
non-governmental Sanitary Commission during the U.S. Civil War in the 1860s, and as the designer of
Central Park in New York and many other places that required major civil and environmental engineering
works, as well as park improvements (Carr, 2014; Zaitzevsky, 1982). There were a number of early
missteps. For example, the Parks Commission initially held a competition for the Back Bay area, which as
Olmsted predicted, led to superficial proposals.
Driving forces toward finding a BGI solution. The driving forces for a BGI approach to water and public
health problems in the Back Bay Fens area were thus:
1) Rapid urban real estate development through wetland filling – the Back Bay Fens BGI was effectively the
left-over space that resulted after filling reached the limits of the design.
2) Sanitary engineering imperatives – the Back Bay Fens were a health hazard and aesthetic nuisance that
had to be addressed.
3) Creation and funding of the Boston Parks Commission – which was part of a national movement to
provide parks for urban social integration and recreation. The Parks Commissioners were elite
well-connected men who were aware of analogous urban design innovations in the U.S. and Europe.
4) Commissioning of a premier landscape architect Frederick Law Olmsted, who had demonstrated design
vision, and who lived a few kilometers from the site in the 1880s.
These four driving forces of a visionary designer, a funded civic commission, a health imperative, and
intense real estate development pressure explain the initial steps taken to address the situation. How the
problems were addressed was shaped by several enabling and constraining conditions.
Enabling conditions. These enabling or supporting conditions can be listed by driving force.
1) Olmsted was enabled to work effectively on a BGI approach to the project by his professional authority
gained at Central Park and other projects, his experience in collaborating with engineers, and his
experience as a journalist in articulating and disseminating his ideas.
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2) The Boston Parks Commissioners were enabled by a legislative allocation of funds to acquire land, and
the authority to commission and direct park designers.
3) The BGI approach was enabled by the availability of marshy lands that had not yet been filled.
4) The headwaters of the Back Bay Fens lay within Boston, and they had the potential of providing
blue-green amenities that could be linked with the downstream urban sanitary improvements – all within
the City of Boston.
Thus, professional experience, institutional capacity, land availability, and promising linkages within a
single municipal jurisdiction were key enabling conditions.
Constraining conditions also shaped the BGI solution. Specifically:
1) The main available lands in the City of Boston were low-lying marshy parcels.
2) The limited Parks Commission budget of $100,000 (at that time) restricted them to these lower valued
marsh lands. Olmsted showed that a BGI approach was less expensive than a concrete-lined channel and
stormwater detention basin.
3) Low-lying marsh lands along the Muddy River were located at the boundary of the cities of Boston and
Brookline, i.e., real estate development could not extend further into the lowland without risking flood
damages and the BGI solution funded by Boston could not extend beyond the city boundary.
4) Downstream, the Charles River waterfront was – and remains -- under the jurisdiction of a State, rather
than City, agency; and it was thus not part of the scope of the Boston BGI.
Land constraints, budget constraints, and boundary conditions help explain the restricted Muddy River
tributary (vis a vis broader watershed or Charles River basin) approach.
Alternatives generated. The Emerald Necklace had several interesting precedents in the 1870s. Some
proposals connected Boston parks with the Charles riverfront and suburban waterbodies west of the city,
but the multiple jurisdictions proved difficult. The Boston Parks Commission initially held a competition for
design of the Back Bay Fens, which produced a winning floral garden design but not a functional BGI
25

proposal.

Olmsted’s correspondence underscored that the Back Bay Fens was an “urban improvement”

or a “sanitary improvement”, but not a “park.”
Olmsted himself produced three variants of his design for consideration by Parks Commission (the
implemented one is shown in this report). He also argued successfully that a sloping naturally stabilized
pond edge was a far less expensive and more adaptive alternative than a masonry pond edge.

25

Olmsted declined to participate in either the competition or design jury, insisting that the former would fail and the

latter would limit his ability to serve later as a consultant on the project.
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The Back Bay Fens component was linked with the existing Commonwealth Avenue parkway and Public
Garden constructed in 1837 to the east. Additional parks and parkways were added to the south and west
to create what Olmsted called a “Park System.” From the Back Bay Fens, the system extended upstream
along the Riverway to Olmsted Pond and Jamaica Pond. It was then connected by a broad parkway to the
Arnold Arboretum, created in 1871 to link scientific research and public recreation through an agreement
between the City of Boston and Harvard University. From there, the Arborway ran further east to Franklin
Park, Boston’s largest public park and zoo. There were proposals to link Franklin Park to a Marine Park in
Boston Harbor that would have completed the system, but they were abandoned.
This eclectic collection of water systems and green open spaces were initially conceived, and regarded, as
a “system.”

26

This view was reinforced by the phrase “Emerald Necklace,” which appears to have only

developed in the 1970s.

27

Initial outcomes. Construction of the Back Bay Fens dramatically reworked the landscape. Olmsted was
frustrated with some of the initial planting results and contractors. The brackish Tidal plantings in particular
had to be replaced. However, the overall results were impressive and well-received.
A dramatic change in 1910. Although it was not mentioned in Parks Commission documents of Olmsted’s
period, proposals to dam the Charles River paralleled the Back Bay Fens project. When the dam was
completed in 1910 it changed the Charles from a tidal river to a freshwater reservoir. This completely
altered the hydrologic assumptions and brackish planting design of the Back Bay Fens. The tidal function
was completely lost, the plantings had to be altered, and only the stormwater management function was
retained.
By that time, the Jamaica Pond BGI had become an all-season recreational water body. The Arnold
Arboretum was successfully established as a public access plant research center of Harvard University.
And the land for the largest area and only “park,” in the classical sense of that term had been acquired.
Long-term adjustments and outcomes. A major finding in this case study is how dramatically the initial
BGI project had to adapt to unanticipated shifts in environment, technology, institutional, and social
conditions.
•

1925 – Accommodating the automobile – and political trends – led to major redesign of the Back
Bay Fens by Arthur Shurcliff

•

Mid-20th c. – Urban infrastructure in Boston – led to waste dumping and filling in the Back Bay
Fens. Although the blue-green infrastructural condition and functions of the park system eroded,
the system retained its public and cultural identify and significance.

26

Olmsted first reference to a park system was in his planning and design work for the City of Buffalo, NY in 1868.
Cleveland coined the phrase “Emerald Necklace” for its metropolitan parks much earlier, at least by 1941, Parks and
Recreation, XXIV, 1941, p. 530.
27
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•

Late-20th c – Multiple Master Plans were prepared for each park and for the Emerald Necklace as
a whole, but with limited implementation of major changes, vis-à-vis maintenance and small scale
capital investment. Formation of Boston Natural Areas Network, explicitly for green space, but
often associated with waters like the Neponset River.

•

1996-2015 – Severe flooding of the Back Bay Fens from urban runoff in the Muddy River and
Stony Brook watersheds.

28

Citizens organize an Emerald Necklace Conservancy to project the

legacy and quality of the Olmsted parks in Boston.
•

2005-2015 – Appointment of a citizen oversight and management committee established for the
Muddy River Restoration Project – that involves the first major ecological re-envisioning of the
Olmsted vision. Creation of a Bussey Brook Meadow Urban Wild along an upper reach in the
Arnold Arboretum. Initiation of three stormwater best management Demonstration Projects in
Boston.

28

Boston BGI has not historically adopted an urban watershed approach.
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6. RESEARCH FINDINGS ON THE VALUES ADDED BY BGI IN BOSTON
During a research trip to Tehran, Iran, in May 2015, the director of the Tehran Municipal Research Center,
a PhD electrical engineer from Caltech asked, “Why is it necessary to quantify these values if the technical
benefits have been established?” Perhaps it is this attitude that explains the lack of social and ecological
research on landscape infrastructure benefits.
Most research on BGI in Boston and the larger New England region concerns the physical performance
and cost of site-specific measures. For example, an urban stormwater research center at the University of
New Hampshire is documenting the performance of BMP materials and construction techniques.

29

National and international stormwater performance databases have also been created from studies around
the world.

30

There are similar technical data resources for specific types of BGI, from green roofs to

constructed wetlands.
Here we are concerned to assess the socio-economic and ecological, as well as technical, benefits of the
Boston BGI case study. The research team has formulated benefit estimation in in terms of “user
experience;” and as the “value added” by different types of “capitals.” User experience was taken from
park surveys, particularly of the Arnold Arboretum, which is the only gated park that provides a somewhat
more controlled sample. It was also recorded in interviews with Boston municipal and civil society leaders.
This section of the report summarizes forms of value added reported in studies of the Boston Park system
and other sources. These results are incorporated in the analysis below, and research gaps are restated as
Recommendations for BGI Implementation in section 9. Following the Ramboll study methodology, value
is assessed in terms of the following six major categories of “capital” defined below:
1. Natural capital: Ecological effects and ecosystem services, e.g., for hydrologic processes,
climate mitigation, biodiversity protection, animal habitat, trophic processes, etc.
2. Built physical capital: this is the value of the built environment. At the very least the value of BGI
as a well-constructed and well-maintained physical asset and its functional benefits in the
landscape. At the very least these physical asset values must exceed construction and
annualized O&M costs. The asset values may be estimated by comparing the functional benefits
of BGI with gray infrastructure alternatives, e.g., for stormwater management. Other social
benefits of BGI fall into one or more of the categories below.
3. Social capital: Trust, commitment, cohesion, social support, social integration, Relevance of BGI
to urban environmental justice within high-density cities
4. Human capital: Mental and physical health, biophilia, knowledge, education, qualification,
creativity
5. Symbolic capital: reputation, image, identity.
29
30

http://www.unh.edu/unhsc/
http://water.epa.gov/scitech/wastetech/guide/stormwater/monitor.cfm and http://www.bmpdatabase.org/.
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6. Financial capital: money, rights that are expressed in terms of money, and benefits that can be
converted to money using market or non-market estimation methods (cost-benefit analysis,
real-estate prices, property taxes, etc.).
These six forms of capital – and associated modes of valuation – are elaborated in the sections below. In
most cases the evidence cited is not converted into financial values.

1. Natural capital includes the values of biodiversity, biophilia, and ecosystem services (e.g., for hydrologic
processes, climate mitigation, biodiversity protection, animal habitat, trophic processes, etc.). With the
partial exception of biodiversity, these values are anthropocentric. They estimate the value of nature to
humans, whether it is the love of nature, or its instrumental value for various human interests. We
acknowledge arguments for intrinsic value but do not discuss it here. However, even for instrumental
values of nature, we found that very few studies have attempted to describe the Emerald Necklace’s
31

ecological or environmental value, with the following partial exceptions.

32

of connectivity among bird population habitats in the Emerald Necklace.

An important exception is a study
Other research on natural

capital includes:
1. An inventory of trees in the Emerald Necklace by the E.N. Conservancy (2015). Every tree
above a certain caliper is entered into a database. It will allow more detailed study of tree
canopy, biodiversity, and condition than has occurred in the past. Although it includes a section
on the plant valuation using iTree and the IBA Council of Tree and Landscape Appraisers’
th

Guide for Plant Appraisal, 9 Edition (2000), but tree inventory did not actually conduct such
studies for the Emerald Necklace.
2. Similarly the Boston’s Open Space Master Plan prepared an “environmental inventory,” which is
an estimate of natural capital, though it did not elaborate on the value of the environmental
patterns and processes that it described.
3. The Arnold Arboretum has conducted an enormous body of documentary and ecological
research on its collection (Arnold Arboretum archives, 2015). However, almost none of that
literature addresses (a) the biodiversity of the collection in quantitative ecological terms; or (b)
the urban landscape ecological value of the Arboretum collection and larger Emerald Necklace
system of ecological patches and corridors.
4. What the Arboretum archives do record is a long-running discussion of the value and benefits of
both native and exotic species in the collection. The founding director Charles Sprague Sargent
anticipated in the 1880s that future generations would value native trees of New England as
they would have been gradually displaced by urbanization (Hay, Science in the Pleasure
31

Boston University is conducting urban ecological research in Boston with a strong emphasis on climate mitigation
and adaptation. http://www.bu.edu/earth/facilities/boston-university-urban-laboratory/
32

Strohbach, M.W., Lerman, S.B., Warren, P.S. (2013) Are small greening areas enhancing bird diversity? Insights from
community-driven greening projects in Boston, Landscape and Urban Planning, Volume 114(2), 69-79 pp.
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Ground, 1994).
5. Moreover, Arboretum visitor surveys conducted in the 1977, 1996, and 2007 support Olmsted’s
original casual contemplative attraction to nature – or biophilia – at least in the case of the
Arboretum. The Back Bay Fens, by contrast, appears to attract more active recreation in playing
fields, community gardens, and bike paths. Visitors to the Arboretum tend to be young adults in
their 30s, who visit alone or in pairs, most of them frequent visitors who prefer strolling above
other activities. They are well educated and interested in the scientific mission of the Arboretum
but do not feel a need for additional educational information or programming on their visits
(Arboretum

Visitor Surveys, 1977, 1996, 2007). No other park in the Emerald Necklace has

conducted a visitor survey, in part it was reported because they lack well defined entries and
exits for sampling purposes.
6. The Arboretum has also undertaken important hydrologic studies and designs, from its
inception to the present. In the beginning there were large wetlands in low lying areas of the
site, and Olmsted drained and filled some of them to create more space for tree planting,
leaving smaller wet meadows and ponds to carry and store the perennial stream flow (Hay,
2001). This process is analogous to that which shaped the Back Bay Fens by land reclamation
downstream, though this is less well-known today.
7. An important advance in urban ecological research at the Arnold Arboretum is underway in
“urban wilds” of the Bussey Brook Meadow, which became part of the Arnold Arboretum in 1996
(Del Tredici interview, 2015; BBM website).

33

It explicitly values urban wild vegetation, which

includes disturbance tolerant successional plants that are often regarded as “weeds”, and treats
them as “novel ecosystems” (Del Tredici, 2015). This is an important conceptual perspective for
BGI systems in high density urban environments.
8. The Muddy River Restoration Project and its Oversight Committee (MMOC) were described
above. It is truly a blue green infrastructure project that combines stream daylighting and flow
management. Its channel banks and bed are ecologically engineered to by hydraulically
efficient, have good vegetative cover, and stimulate passive recreational interest. Again, five
guiding aims of flood Control, water quality, aquatic/riparian habitat, rehabilitation of landscape & historic
resources, and Best Management Practices (BMPs) may all be regarded as contributing to natural, as well
as built capital.

While there has been some ecological documentation and analysis, few studies have attempted to
document the output, outcomes, or economic value of ecosystem services in the Emerald Necklace. A
Trust for Public Lands study (2008) that does so is discussed in the financial values section below.

33

http://www.arboretum.harvard.edu/plants/featured-plants/bussey-brook-meadow/
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2. Built capital: Built environment is the foundation of BGI capital formation. All other forms of capital in
this study are contingent in large measure on the physical size, spatial distribution, and design quality of
the built environment. It is also one of the most readily measured forms of capital. For example, the
Emerald Necklace has nine components that cover 1,100 acres. Its area of water bodies, length of roads
and trails, number of playing fields, and related facilities are all well-documented. Annual financial
expenditures on these spaces, places, and facilities are also well documented by the Boston Parks
Department. (See summary figure of financial expenditures below – time series graph for the whole system;
and component breakdown for most recent year (2013).)
The quality of these physical systems is appraised in the Draft Open Space Master Plan, as an “Analysis of
Needs” both of the Emerald Necklace as a whole and of its parts. At the very least the physical asset
values must exceed construction and annualized O&M costs.
In this research, we conducted a new analysis of public expenditures on the Emerald Necklace as one key
aspect of its built capital value from its origins to the present, using annual financial reports of the Boston
Parks Department.
Most significantly, it is estimated that in constant dollars it cost $116,000,000 to purchase the land
and $192,000,000 to construct the Necklace from the 1880s to 1900.
Subsequent capital improvements in constant dollars to the Necklace from 1901-1956 are estimated
to be $60,000,000.
Figure 19 below shows the annual maintenance costs associated with Necklace from 1901-1976, which
range from a low of $2 million to a high of almost $10 million per year. The mean of these values is about
$5 million per year. Not surprisingly, the lows occur during periods of war and depression. But these
figures compiled when the Parks Department broke out its expenditures for the Emerald Necklace parks
separate from others does not tell the full story.
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Figure 19. Emerald Necklace Annual Maintenance Expenditures in Real Dollars (1901-76)

The Boston Parks and Recreation Department has not been specifically accounting for Emerald Necklace
expenses since 1976. Since that time it only reports expenses for all park acreage in Boston. The graph
below (figure 20) shows the entire annual expenditures (both operating and capital) on Boston parks from
1914 to 2014. It should be noted that just tracking expenditures in a consistent way is an extremely difficult
task, which raises uncertainties about our understanding of built capital.
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Figure 20: Annual Expenditures in Real Dollars

Nevertheless, we can smooth out the annual fluctuations of expenditures in figure 21 below shows the
moving averages of these expenditures. Overall, the funding levels during the 100-year period appear to
vary greatly despite a fairly consistent number of acres that are maintained. The two largest drops in
funding coincide with severe economic downturns, particularly as noted below during WWI and WWII.
Much more sustained and worrisome is the extended drop in funding over a roughly 30-year period from
1970 to 2000. The good news is that over the past 15 years, funding has trended upward, due in large
measure, it appears to renewed capital expenditure, in part inspired by the 1996 flood event and
subsequent Muddy River Restoration Project (see breakdown of fiscal 2014 expenditures in figure 22).
However, two points deserve emphasis. First, annual funding has fluctuated more than in any other period
of the past century. Second, funding for maintenance over the past decade is flat, notwithstanding growing
prosperity and demand.
These fluctuating and flat O&M expenditures reinforce concerns about the long-term
sustainability and adequacy of public finance for blue-green infrastructure.
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Figure 21. Total Expenditures for Boston Parks
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Figure 22. Source: Boston’s Budget Department.
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With this highly constrained situation for maintaining blue-green infrastructure, it comes as little surprise
that many City department do not wish to construct new built capital that they cannot maintain. For
example, while the Boston Water and Sewer Department is required to develop four, stormwater infiltration
Demonstration Projects, it is anxious not to incur large scale continuing costs associated with those
projects or others like them.

34

The Water and Sewers Department does not regard BGI as its core

mandate. The Parks Department might (though current documents do not articulate it), but their funding is
flat. Transportation has more money, but again limited commitment to complete streets.
As stressed in the institutional analysis section, no one department has the mandate or
funding to develop the built capital of blue-green urban infrastructure in Boston.

Social capital: Trust, commitment, cohesion, social support, social integration, justice. Again, several
concrete examples come to mind:
1. This was one of Frederick Law Olmsted’s original aims for “parks” of the Boston Park System.
He spoke of different social groups interacting in ways that would not otherwise happen in
residential neighborhoods.
2. It was also an original aim of the Arnold Arboretum to link scientific research and social
recreational access and benefits (quote Ida Hay).
3. The development of dozens of civic organizations associated with the Emerald Necklace, to
support, complement, and assume some of the formerly public roles in the parks is further
evidence of the social capital accruing to this BGI example. List from ENC website in a textbox.
4. Boston parks segregated to some extent along with other public spaces during the school
desegregation riots in the 1960s and 70s.
Boston offers a logical case study for the changing social relations in green infrastructure in
recent decades. The social capital associated with blue-green infrastructure remains more of
a latent topic than a driving force for urban environmental design.

35

Human capital: Mental and physical health, biophilia, knowledge, education, creativity.

1. Again, when working on the Arnold Arboretum, Olmsted wrote, “the main aim is to shut out the
pressures of the city...” (quoted in Hay).
2. This constitutes a form of Biophilia. Hay cites writings by Transcendentalists such as Margaret
Fuller on the mystical qualities of urban nature in Boston.
34

The Demonstration Projects are: 1) Audubon Circle – not far from but not spatially linked with the Emerald
Necklace. 2) Porous Alley – Back Bay – Most advanced and relevant to this topic. Although distant from the
Necklace, it is very much part of the Stony Brook Watershed, and is designed to dampen stormwater peak flows; 3)
City Hall Plaza – less advanced and directly relevant. 4) Central Square – East Boston (Marks, 2014).
35
http://www.pnas.org/content/early/2015/06/09/1503402112.abstract
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3. Unfortunately, there has been little documentation of user experience in any of the parks in the
Emerald Necklace. The main exceptions are surveys of visitors and members of the Arnold
Arboretum described above.

4. Another research need concerns the educational programs at each of the Emerald Necklace
component parks. Our study identified various educational programs, but no estimation of their
number, design, or educational outcomes.
Although anecdotally mentioned, knowledge about the human capital associated urban nature
in Boston is scattered, and only superficially understood.

Symbolic capital: reputation, image, identity. This may be the most salient aspect of the Emerald Necklace.
It is very much central to the city’s identity. Pride in this BGI system, even when it has been in a
deteriorating condition is very strong. As mentioned above, even the “Dirty Water” of the Muddy River has
been celebrated in a popular song that is sung at sporting events by thousands. An interesting finding of
this research is that the term Emerald Necklace in Boston does not seem to have developed until the
1970s – but once adopted it was embraced. This underscores the importance of symbolic capital for the
identity of BGI projects, their marketing, and social support. Found a 2005 study of Franklin Park’s loss of
symbolic capital through the 70s and 80s (drug dealing and crime associations) from lack of funding and
upkeep until the mid-90s.
However, a key need is to transform this symbolic capital into BGI quality, and other forms
of capital that have not been as fully developed.

Financial capital: money, rights that are expressed in terms of money, and benefits that can be converted
to money using market or non-market estimation methods (cost-benefit analysis, real-estate prices,
property taxes, etc.). As noted early in this case study, assessing the financial capital flows associated with
BGI projects is important for a) securing funding; b) justifying new investments; c) extending the spatial
reach of BGI systems; and d) thus increasing other forms of capitals and values. This case study found
two types of relevant data on financial capital:
1. The Boston Parks Department expenditure data described above under the built capital section
above, also constitutes a measure of financial capital in public sector terms.
2. Additionally, the Trust for Public Lands (2008) estimated 9 types of economic and financial value
associated with Boston parks.

36

We briefly summarize their methods and results of that project

below. We describe this as economic and financial value because the TPL study first describes

36

Center for City Park Excellence, Trust for Public Land, March, 2008
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the type and physical magnitude of economic value, and then attempts to monetize it in financial
terms. At the same time, it must be stressed that the TPL study is a rough estimation, and it
encompasses all parks and not just the Emerald Necklace, but it is indicative of the need for
more rigorous studies of the financial value of BGI in Boston. The main types of economic and
financial value estimated and the public and private parties to whom they accrue are outlined
below:

A. Revenue Producing Factors for City Government. The first type of value under this heading is based on
increasing property prices, and is estimated using hedonic pricing evaluation methods. Tax receipts from
tourism associated with parks visits are estimated by user-day expenses, and the sales and hotel taxes
associated with them. Note that City Government receives a significant but relatively low level of financial
benefits associated public parks (~$10mn).
1. Tax Receipts from Increased Property Value

$8,264,000

2. Tax Receipts from Increased Tourism Value

$1,917,000

Total, Revenue Producing Factors

$10,181,000

B. Cost Saving Factors to Citizens. This category contributes to social and human capital, as well as
financial capital. Although park use does not have a price, the TPL study estimated a replacement cost of
how much would be spent on recreation alternatives if parks were not available, which turns out to be a
large annual number (~$354 mn). Health value is a very rough estimate of foregone medical payments
associated with park use, and Community Cohesion Value estimated the value of encounters with citizens
different from oneself.
1. Direct Use Value
2. Health Value
3. Community Cohesion Value
Total, Cost Saving Factors to Citizens

$354,352,000
$78,042,000
$3,858,000
$436,252,000

C. Cost Saving Factors for City Government. Cost savings also accrue to cities from parks and BGI, but the
estimates in this study are surprisingly low relative to other forms of economic and financial value. For
example, the stormwater management value is less than $9mn, and the air pollution value just over $500k.
It should be underscored that none of these estimates involved engineering surveys or urban ecological
research. Nor do they include any value for climate change mitigation, adaptation, resilience, or
vulnerability reduction. These constitute high priorities for more rigorous scientific research.
1. Stormwater Management Value
2. Air Pollution Mitigation Value $

$8,675,000
553,000

Total, Cost Saving Factors for City Government $9,228,000
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D. Wealth Increasing Factors to Citizens. This category constitutes by far the largest financial value
associated with parks and BGI. In fact, the number one benefit comes in the form of property value
increases in proximity to safe, well-maintained, parks. There are also commercial expenditures, e.g., in
tourism, that accrue to private parties.
3. Property Value from Park Proximity
4. Profit from Tourism
Total Wealth Increasing Factors to Citizens

$724,929,000
$6,711,000
$731,640,000

E. Total Financial value associated with Boston parks. It is possible to summarize these financial estimates
as follows. Property values are a current estimate of asset worth and thus different from annual revenues,
profits, and other social and environmental benefits. Thus, the current asset value is estimated as $725
million dollars, and the annual financial flows are estimated as $462 million dollars per year. If these
estimates are within even an order of magnitude of the actual value, the erratic record of recent
expenditures and stagnant operating budgets represent an uninformed view of blue-green infrastructure
value at present, and potential on many levels.
The main conclusions that we draw from this analysis are first that the financial value of
parks and BGI to the citizens of Boston appears to be very large in terms of assets and
flows. Based on these very rough estimates, and the limited research of a similar nature
to date, it may be argued that the City of Boston and BGI advocates must do far more to
document, analyze, and financially quantify where appropriate the values associated with
historic, current, and future BGI projects. It is still possible to do so, and it may help
show which future potential BGI projects are most valuable for the City’s society and
ecology.
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7. RESEARCH FINDINGS ON INSTITUTIONAL DYNAMICS
Introduction to section
th

Olmsted’s 19 century blue-green infrastructure project has been an integral part of life in Boston for nearly
115 years. Since its completion in 1901, The Emerald Necklace has been maintained, repaired and altered
by several governmental and non-governmental organizations, and enjoyed by people from all walks of life
engaging in a variety of leisure and recreational activities. The Necklace has endured a myriad of changes
in management schemes, economic and political conditions and public perceptions of its use and value.
The current institutional framework that oversees the Necklace is shown below in figure 22. This section
will discuss the dynamics associated with this framework, based largely on semi-structured interviews
listed in the annex. Interviewees were selected based on their respectively roles within the institutions
shown in figure 23.

Figure 23. The institutional framework managing and influencing the Emerald Necklace
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Since most of the Necklace acreage is owned by the City of Boston, most of its care and maintenance falls
to Boston’s Park and Recreation Department, which was founded when the Necklace park system was
conceived in the late 1870s. However, most of the parkways that border the Necklace are owned by the
State of Massachusetts under the Department of Conservation of Recreation, and roughly 10% of the
parkland is owned by the Town of Brookline, which shares a border with Boston along approximately one
third of the linear park system (see map in figure 24). Conversely, over 80% of the Necklace resides
downstream in a Brookline sub-watershed.

Figure 24. Map of Emerald Necklace oriented north. Shows breakdown of management responsibility and land
ownership. Notice the neighboring Town of Brookline shares a small portion of the Riverway portion of the Necklace.
Source: BPRD Open Space Plan 2015-2021.

Even though Boston’s Parks and Recreation Department has been the primary institutional actor charged
with its general maintenance, some regional and national environmental and engineering departments
have participated in the more complex and costly projects undertaken since its completion. Further, The
Boston Water and Sewer Commission, a ratepayer funded commission separate from, but reportable to,
the City of Boston, manages the separate drainage network responsible for stormwater runoff throughout
the city. It relies heavily on Necklace waterways for runoff conveyance and flood mitigation. More recently,
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the Commission has taken a greater interest in the Necklace for runoff infiltration strategies to help comply
with strengthening water quality regulations (Sullivan, 2015).
Non-governmental institutions have also played an important role in defining and preserving the Necklace
through the years. The Emerald Necklace Conservancy, founded in 1998 to engage the private sector to
advocate and fund raise on behalf of the Necklace, operates today with an annual budget of $1,500,000
with an endowment of $5,400,000.
The interview questions and subsequent discussions covered a range of BGI and Necklace related
questions (see question list in annex). Key areas of discussion included:
-‐

Perspectives on BGI
o

What is it?

o

What kind of BGI does your organization prioritize and value most?

o

What are the greatest challenges with implementing and maintaining BGI?

-‐

Perspectives on the value of The Emerald Necklace

-‐

Perspectives on the institutional framework and how that relates to successful implementation,
maintenance and preservation of BGI

Summary of Interview Findings
-‐

Most interviewees felt that BGI is a success when it can serve several purposes at the
same time (e.g., Ecosystem benefits, community amenity, recreational use, cultural
heritage, etc.).

-‐

Though, the interviewees also described the institutional tension associated with the
conflicts among BGI purposes (e.g., Public health risks associated with increased
biodiversity in heavily populated areas).

-‐

Understanding and planning for the ongoing maintenance associated with BGI was
consistently mentioned as the biggest “issue” influencing the pace of adopting and
expanding BGI in Boston.

-‐

The City of Boston does not have an integrated BGI strategy and appears to defer
leadership on this issue to departments directly responsible for or influenced by BGI.

-‐

The funding and ongoing maintenance challenges associated with the Muddy River Flood
event of 1996 and the subsequent restoration project exemplify Boston’s BGI institutional
dynamic
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Interview responses: What is BGI and what makes it successful?
The interviewees described their experiences with BGI, with emphasis on the BGI roles the institutions they
represent are expected to fulfill. For example, Chief Engineer Sullivan of the Boston Water and Sewer
Commission (BWSC) understands BGI mostly through the lens of ecological, or perhaps simply hydrologic
performance (e.g., runoff reduction and treatment, flood mitigation, pervious surfaces, specialized soils and
vegetation for urban conditions) given its organization’s water pollution reduction requirement. He shared
his concerns about the wording of “blue-green” by suggesting that the public may now think of “green” not
only as a color, but also as a “sustainable behavior.” He foresees confusion in adding the word “blue” for
people that no longer associate “green” simply with its color in nature. He added that most of his personal
success with BGI has been “black.” BSWC has installed several underground infiltration trenches with
aggregate stone that is often topped with “black” asphalt, and to a lesser extent pavers and/or vegetation.
Certain parts of beloved green spaces generate runoff due to effectively impervious soil given the high
volume of foot traffic, while some hardscapes have deep reservoirs of stone that can retain stormwater and
release into sub-soil for treatment (Sullivan 2015). However, he emphasized that the most successful BGI
combines both an underground solution for filtration with a park or open space above that is appreciated
and cared for by the community since shared benefits attracts more funding and support with ongoing
maintenance.
When asked about BGI, the President of the Emerald Necklace described the social and cultural value of
preserved, natural spaces. Her organization has been coordinating volunteers to assist in maintaining
sections of the Emerald Necklace (e.g., Removing an invasive such as the bitter sweet vines, light
gardening, etc.). After 15 years of witnessing the volunteers come together, she marvels at how much the
Necklace enhances a feeling of community for those involved. Her organization also uses the Necklace
park system as a classroom for youth education programs about nature and biodiversity. After speaking
with countless users of the Necklace system, she is amazed at how many residents cited the Necklace as
the most important reason for either moving to or staying in Boston. Of course, her organization is solidly
behind investing in the improvement of the ecological performance of the Necklace (e.g., Improving flow
rates through dredging and removing invasives that trap sediment), she envisions BGI at its best when it
can meld ecological, social, cultural and recreational needs (Crockford 2015).
The interviewee representing Boston Parks and Recreation Department (BPRD) also heralded the success
of the Necklace as a well-integrated BGI project. However, she articulated the complexity of integrating BGI
uses within the Necklace. She explained how BPRD almost exclusively focuses on making the parks safe
and usable for people. For instance, one of the most important measures of success for BPRD the rate of
resolving various citizen complaints about the park (e.g., Fallen tree branches impeding access, trash left
at ball fields, etc.). When removing foliage from the Necklace parklands (one of the leading sources of
water pollution), employees are often tempted to dump into the Necklace’s rivers and lakes, to more quickly
achieve the goal of making the park usable and safe. She points out that several of the ideas to enhance
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the ecological performance of the Necklace are in conflict with BPRD mandates. For example, restoring
portions of the Arnold Arboretum to its natural wetland condition would drastically improve Boston’s
treatment of stormwater runoff and ultimately improve water quality throughout the Muddy and Charles
Rivers. However, BPRD has been charged with minimizing risk of mosquito-borne illnesses such as West
Nile and considers an increased wetland area a potential breeding ground within a densely populated city.
Interestingly, efforts to improve the ecological performance of the Necklace are also hindered by existing
environmental regulations. The Wetlands Protection Act passed by the State of Massachusetts protects
from any land that meets the Act’s definition of a wetland. In the case of the Necklace, several acres have
been designated as wetlands based on the Act’s criteria, yet many of those acres are sub-optimal in terms
of hydrologic processes and supporting greater biodiversity. Nevertheless, plans to improve water flow and
increase biodiversity may violate current law and require local and possibly state conservation
commissions to vote to approve any kind of alteration.
Necklace ecological improvements are also constrained by its success as a cultural heritage site. It is listed
on the National Register of Historic Places, which adds another layer of complexity to policy makers
desiring to make any kind of changes. For example, BWSC wants to experiment by installing a gravel
wetland adjacent to a ball field in a less travelled part of the park. The BPRD explained that for as much as
testing this idea makes sense for improving the overall health of the park and its waterways, it could very
well be considered in violation of current law and require permission from local, state and/or federal
approval from conservation commissions (BPRD 2015).
BGI Maintenance is greatest concern in Boston today
The Necklace stakeholders interviewed are believers in the value of BGI and in the ecological preservation
of Boston’s parks and waterways. Yet, the pace of improving existing BGI and building new is tempered by
concerns about the long term maintenance of BGI. Currently, BWSC is overseeing and learning from two
completed BGI demonstration projects, two that are under construction and four that are in the planning
stages. One project, for example, involves the reconstruction of a large intersection and adjacent park and
plaza covering an area of less than two acres. As part of a transportation and parks department redesign of
Central Square in East Boston, BWSC has planned for the installation of three different types of infiltration
trenches and porous surfaces. Also planned are using sand based specialized soils for the root balls of
newly planted trees. The soils are meant to optimize conditions for urban tree growth in tight spaces. The
integrated infrastructure is designed to allow stormwater to fill the basins and be redirected into the
specialized soils as a means of irrigation. BGI success at Central Square will mean reducing total runoff
and increasing water treatment through infiltration and evapotranspiration. Yet, Boston has little experience
caring for porous hardscapes and trees that grow in specialized soils and depend upon runoff as irrigation.
BWSC has decided to take full responsibility for project maintenance for the first three years after
installation to control potential risks that might derail the experiment.
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Similar BGI projects might be installed along the parkways that border the Necklace. However, as
Margaret Dyson of BPRD explains, her staff understands general maintenance of plants, trees and
grounds keeping, but its budget does not afford specialists who can maintain rain garden plantings,
specialized soils and integrated irrigation systems. She added that Boston would need to address the
removal of foliage from BGI vegetation that would now include pollution from stormwater runoff irrigation.
Both BWSC and BPRD acknowledge that the skill sets needed to maintain BGI and the knowledge of what
types of BGI will work best for Boston are in short supply and of great concern. Chief Engineer Sullivan
speaks frequently with New York City’s Director of Green Infrastructure to try and understand how she
intends to maintain the numerous rain gardens and green roofs they intend to construct.
Boston has not articulated BGI as a central component of its citywide sustainability strategy
Until 2013, Boston’s Parks and Recreation Department was a sub-department of the city’s Property
Department – a department that oversaw the property assets of the city, whether buildings or parkland.
Meanwhile, the Mayor’s cabinet level Environment and Energy Department focused on sustainability
initiatives, such as promoting a building energy-use labeling ordinance to combat climate change. BPRD is
now a part of what is now called the Department of Environment, Energy and Open Space. When speaking
with a representative from this department, they appear to be well aware of BWSC, BPRD and EN
Conservancy’s efforts of promote and preserve BGI. However, they acknowledged that they are awaiting
the results of the BGI demonstration projects underway and are allowing the various departments involved
take the lead in moving forward (BWSC’s decision to temporarily assume the maintenance of Central
Square – East Boston is an example of this). The newly formed department has no immediate plans to
direct BWSC and BPRD as to BGI implementation and maintenance to fit within a citywide strategy to
foster BGI.
A rare rain event forces Boston to confront years of sub-standard maintenance of the Necklace
In October of 1996, nearly 10 inches of rain fell over 36 hours causing the Riverway section of the Emerald
Necklace to flood leading to over $60,000,000 in damages at that time. The low-lying and thin stretch of the
Muddy River within the Riverway section of the Necklace was always susceptible to flood events.
Notwithstanding, Boston pushed its luck burying sections of the river with culverts and in one instance,
installing a parking lot shown in figure 25.

Page 53

Report MIT Wescoat

Figure 25. Muddy River within The Riverway portion of the Emerald Necklace before the flood of 1996. The center of
the picture shows the Sears parking lot. The current restoration project daylights the river again.

The financial damage to adjacent properties and the risk of reoccurrence convinced the federal
government’s Army Corp of Engineers to allocate at least $60,000,000 to significantly mitigate the flood risk
for the 20 year storm event based on 2003 climate data. The flood event also inspired the formation of the
Emerald Necklace Conservancy mentioned earlier. Most importantly, the resulting Muddy River
Restoration Project (MRRP) – now nearing completion of phase one – has demonstrated exceptional
institutional coordination to install and improve BGI for its hydrologic benefits (see figure 26).
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Figure 26. Institutional framework and organization chart governing the MRRP. Source: EMI Associates 2005

However, the MRRP has also exposed the limits of this cooperation and support for BGI. A 2005 needs
assessment shown in table 3 and conducted by both Boston and Brookline, estimated that 15 additional
employees will be needed to maintain the section of the Necklace being restored. This would mean more
than doubling current staffing, and with a flat maintenance budget in recent years, it is unclear if the City of
Boston will chose to adequately invest in BGI maintenance once the project is completed.

Muddy River Parks: Supervision, maintenance, repairs and special events
2004

Post MRRP

Boston

7.25

15.95

Brookline

2.25

4.35

1.1

4.1

10.6

24.4

DCR
Total FTE Employees
Table 3. Source EMI Associates 2005

Also, the Federal Government (Army Corp of Engineers) drew the line on funding the project, leaving
Boston with a $26 million shortfall. According to Thomas Brady of Brookline’s Public Works Department
and the Director of Brookline’s Conservation Commission, The Army Corp of Engineers agreed that the
project was worth doing (i.e., significant return on investment), yet balked at the ultimate cost per acre for
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the full project when compared to other projects nationwide. This, the Army Corp will contribute only to the
extent of the initial flood risk assessment.
The remaining portion of the restoration project will dredge much of the river and remove the invasive
phragmites. This restoration should greatly increase the overall flow rate, which will lead to greatly reduced
flooding. Presently, the slow flow rate limits its BGI performance. For example, the adjacent Stony Brook
used to join with the Muddy at the start of the Fens. After the Stony Brook was buried, it was redirected to
empty directly into the Charles River to avoid flooding. There is still a working gatehouse that can allow the
Stony Brook to flow into the Fens if capacity were restored. The Stony Brook collects and conveyed
extensive untreated runoff from Boston’s streets and a diversion into a restored Fens can allow for greater
treatment before ultimate flows into the impaired Charles. Yet, it is a big commitment for Boston to both find
the additional $26,000,000 to complete the restoration, but also, to take on the additional annual expense
to properly maintain the restoration – especially the effort to prevent the invasive phragmites from
returning. Even though the project benefits have been shown to exceed the costs, it’s unlikely that the full
restoration will be realized until Boston chooses to integrate BGI into its core vision and strategy as a city.
With these interview-based institutional perspectives, we can proceed to the final section on findings and
recommendations relevant for BGI Implementation in Boston.

8. RESEARCH FINDINGS RELEVANT FOR IMPLEMENTING FUTURE BGI
PROJECTS
This section draws inferences from sections 3 through 9 above to identify the specific types of BGI projects
that should be implemented in Boston, the rationale for implementation, and key enabling conditions
needed to implement them effectively.
a. Lessons and recommendations derived from the early Boston Park System
i.

Strong Civic mandate – e.g., of the Parks Commission & Olmsted’s social ideas

ii.

Private engagement – e.g. Harvard University

iii.

Local world class design leadership – e.g., Olmsted and Company in Brookline

iv.

Real estate financing – e.g., Fens parcels finance other parks

v.

Vision of connectivity among Parks in a system – lost opportunities between the urban and
regional scales.

b. Lessons and recommendations derived from recent Emerald Necklace history
i.

Robust assumptions – e.g., regarding the Charles River dam

ii.

Disruptive technologies – e.g., automobile, digital

iii.

Imaginative re-branding – i.e., as the “Emerald Necklace” (but cf. 2024 Olympics…)

iv.

Decline of conventional urban public sector finance in the U.S.
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v.

Gross underestimation of economic and financial value of urban parks and BGI

vi.

The emptiness of “open space” – e.g., in open space plans

vii.

Seeing opportunities in disaster – e.g., the 1996 flood (Vale and Campanella)

viii.

New opportunities for connectivity – e.g., Muddy River MMOC project; climate adaptation

c. Recommendations for future BGI connectivity and linkages in Boston
i.

Linkages among stormwater demonstration projects – e.g., Green Alleys program

ii.

Linkages with the DCR Esplanades – e.g., ecohydrologic watershed and river design

iii.

Linkages with the Charles River Watershed initiatives

iv.

Linkages with the Metropolitan Park system – e.g., Trustees of Reservations

v.

Linkages with climate change adaptation – e.g., Rockefeller

d. Recommendations for Effective Implementation (Ramboll topics listed below; TBA).
•

Fundamental research needed on socio-economic valuation and institutional dynamics of BGI is
essential. The knowledge base is shockingly weak.

•

•

•

•

•

Institutional capacity and learning
o

Aspects of leadership (formal and informal)

o

Role of adaptive environmental learning

o

Curricular engagement for generational learning

Cultural distinctions
o

BGI for majority minority cities

o

BGI for new leisure cultures

o

BGI in new cultural struggles and conflicts

Drivers of change
o

Flood event 1996

o

Sea level rise

o

Climate action plans

o

Economic growth, living costs, and quality of life

Enabling conditions
o

Private co-financing mechanisms

o

Public health, education, and welfare – the foundation of design professions

o

Civil society institutions and leadership

o

Regulatory support and requirements – e.g., stormwater regs

Summary
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10. ANNEXES

ANNEX 1. List of Persons Interviewed
Organization

Affiliation

Date

Interviewee

Arnold Arboretum

Local Government and

April 28, 2015

Peter Del Tredici

Private - NGO

May 18, 2015

Julie Crockford

Local Government

June 12, 2015

Margaret Dyson and

Harvard University
Emerald Necklace
Conservancy (ENC)
Boston Parks and
Recreation Department

Dennis Roache

(BPRD)
Boston Water and Sewer

Local Government and

Commission (BWSC)

Independent

Charlie Jewel and

commission

Kate England

Department of

June 3, 2015

John Sullivan,

Local Government

July 7, 2015

Maura Zlody

Department of

State/Regional

July 10, 2015

Robert Lowell

Conservation and

Government

July 7, 2015

Thomas Brady

Environment, Energy and
Open Space

Recreation (DCR)
Town of Brookline

Local Government
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ANNEX 2. Common Interview Questions:
General Questions
• Briefly describe your role within _________________.
BGI questions:
• Do you think this element within ____________ is a good example of blue-green-infrastructure
(BGI)?
• (After introducing our working definition of BGI). How would you describe BGI?
• What would you describe as BGI within ___________? Please mention how you might
sub-categorize BGI elements.
• Please describe some of the more important benefits of BGI
• When considering BGI costs to implement/maintain and its benefits vs. alternative methods to
accomplish these benefits, how would you characterize BGI value to an urban area?
• Does this BGI value vary greatly depending upon the BGI type?
• What is most challenging, in your view, of:
o Maintaining BGI? (Note: remember to explore BGI as a source of phosphorus)
o Adding more BGI?
• What would happen if the some of the existing BGI within _________ were lost?
Historical questions:
• What BGI existed within _____________ historically? Please describe some of the significant
changes over the years.
• Please describe the impact of these changes: environmentally, socially, financially, etc.
Value questions:
• What other cities have you looked at to get ideas of what to or what not to do here in Boston?
• Have you visited any examples of BGI elsewhere, and/or been inspired by any? If so, how were
you inspired/where were they?
• -Do you think BGI plays any role in Boston/if so, what?
• Do you know if aspects of Boston’s approach (e.g., EN and/or MPS) has been replicated
elsewhere? (NOTE: Aspects of Boston were inspired by Hamburg)
• Do you feel that there is a role for Boston and its EN to play as major cities contemplate increased
use of BGI?
• What kind of budget do you have to maintain and/or increase BGI? (if not already uncovered in our
research)
• What kind of attendance figures or other use measures do you have?
• If you were to use a metric to value your park (or some other element of BGI), what would you use?
Scale/Replication questions:
• Please describe the value of the following in an urban environment and provide any examples that
come to mind:
o a system of interconnected BGI
o increasing the physical size of a BGI element for optimal hydrologic impact
o increasing the number of BGI element
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Annex 3: Map of early Boston before much of the tidal flats and bays were filled in and before the creation
of the Emerald Necklace

Figure 27: Revolutionary War Map. Boston circa 1776. Source: by Sir Thomas Page courtesy of the Library of
Congress
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