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Green Infrastructure 
Nationally we are seeing a shift from grey infrastructure to green infrastructure, which 
is an important step towards making our cities more efficient and environmentally 
friendly. While traditional grey water and sewer systems – which utilize engineered 
conveyance systems to transfer wastewater to treatment plants for end-of-pipe treat-
ment – have allowed us to overcome problems of waterborne disease outbreaks and 
flooded streets, green infrastructure is emerging as a decentralized solution to the 
threats of stormwater and combined sewer systems, both of which are exacerbated 
by grey infrastructure. Green infrastructure aims to capture, store, and treat stormwa-
ter before it enters the sewer system and waterways.  This approach not only reduces 
the cost of treating large volumes of water, it reduces the maintenance cost of water 
treatment equipment while providing additional benefits to the community such as air 
purification, habitat for wildlife, and public beautification.  

This technical memo will explore the major aspects of New York’s water and sewer 
infrastructure and how the built environment and infrastructure impact the qual-
ity of life for New Yorkers and the quality of New York City’s waterways.  Impervious 
cover, combined sewer overflows, and the problems associated with stormwater 
management will be explored. After conducting a brief overview of best management 
practices related to volumetric and qualitative treatments of stormwater and siting 
considerations, we will explore the regulatory environment regarding green infrastruc-
ture in New York City in order to identify possible strategies for green infrastructure 
implementation in East Harlem.
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Open Space in East Harlem 
In 2012, New Yorkers for Parks (NY4P), an independent nonprofit advocacy organization, released a report called 
the East Harlem Open Space Index, which analyzed the availability and quality of open space in the area based 
on fifteen New York City-specific open space targets developed by the organization (NY4P, 2012).  New Yorkers 
for Parks developed this report in partnership with a team of researchers at Mount Sinai School of Medicine’s 
Children’s Environmental Health Center who have been tracking the health outcomes of a cohort of children in 
East Harlem for over a decade.  The report analyzed the existing population-adjusted open space measures in 
East Harlem compared to the citywide targets (Figure 12) (NY4P, 2012).

The East Harlem Open Space Index report found that East Harlem exceeds OSI standards in several categories 
including: fields, courts, play areas, community gardens, and permeable surfacing in parks.  The area does not 
meet OSI standards in the categories of: active open space, passive open space, total open space, walking dis-
tance to pocket neighborhood and large parks, recreation centers, overall park maintenance, and tree canopy 
coverage.  The report concluded that it would be challenging to increase the amount of open space to meet OSI 
targets in an area as densely populated as East Harlem, with few possibilities for the acquisition of new parkland.  
The report posits that it is important, therefore, to consider increasing access to existing open space, such as the 
East River Esplanade and Randall’s Island (NY4P, 2012).  This begs the question of whether another strategy to 
increase green in East Harlem might be to implement green infrastructure projects in the community.

History of Grey Infrastructure 
Since cities began developing complex water infrastructure, the approach to dealing with sewage and stormwa-
ter has been to expedite conveyance to the nearest receiving body of water.  By the mid 1800’s the shortfalls of 
this technique were becoming obvious; people were becoming ill through exposure to sewage-laden water as 
the urban population expanded, and stream banks eroded as a function of increased water speed and volume 
caused by increases in impermeable surfaces and ecosystem destruction.  Industry and human settlement in up-
stream communities threatened water supplies of downstream communities.  Up until the latter half of the 19th 
century, the connection between water borne contaminants and public health was poorly understood.   Before 
the public began investing in water supply and treatment infrastructure, outbreaks of waterborne illness were 
common, such as the 1832 cholera epidemic in New York City that killed 3,515 people, 1.4% of the city’s popula-
tion at the time (Wilford, 2008).  As waves of epidemics swept major cities, the connection between water quality 
and illness became clearer.  New York City decided in 1835 to build the Croton Aqueduct to supply the city with 
fresh water, and the ambitious 41 mile aqueduct was completed in 1842 (Lankton, 1977).

Regulatory Framework 
The federal Clean Water Act (CWA), passed in 1972, regulates water pollution.  Section 101(a)(2) of the CWA 
establishes the national goal for water quality, “which provides for the protection and propagation of fish, shell-
fish, and wildlife and provides for recreation,” through the achievement of what are commonly referred to as 
“fishable, swimmable waters” (CWA, 1972).  The U.S. Environmental Protection Agency (EPA) enforces the Clean 
Water Act nationally, and the New York State Department of Environmental Conservation (DEC), is responsible 
for local compliance.  Article 17 of the New York State Environmental Conservation Law (ECL) establishes State 
laws for the regulation of water pollution, including CSOs (NYS DEC, 2012).

Since 1992, DEP and DEC have entered into a series of CSO consent orders to resolve claims concerning the 
Clean Water Act and Environmental Conservation Law, and each of the modifications since the original order 
have incorporated the latest thinking in stormwater best management practices (DEP, 2011b; 2011c).  CSO 
consent orders are binding legal agreements between DEP and DEC to resolve violations and formalize a plan 
for DEP to achieve legal compliance.  As part of the consent order, DEC agrees not to pursue further legal action 
as long as DEP complies with the terms of the consent order.  DEP must meet the milestones laid out by its CSO 
consent order with DEC or face additional sanctions and fines (DEP, 2011c).

According to the EPA’s 1994 CSO Policy, Long Term Control Plans (LTCPs) are required to document how DEP will 
comply with water body-specific water quality standards and achieve compliance with the water quality goals 
of the federal Clean Water Act and the state Environmental Conservation Law (DEC, 2012).  The 2005 consent 
order took a traditional grey approach and dictated that DEP invest in infrastructure such as outfall and sewer 
improvements, CSO retention facilities, regulator renovations, storage tanks, tide gates, pumping stations, and 
additional separate sewers, that would have cost taxpayers billions (DEP, 2011a).

Background Information 
Maintaining a healthy urban water system is of great importance because it allows us to live in dense popula-
tions without becoming sick from contaminated tap water, to use waterways for transportation and recreation, 
and to maintain a healthy aquatic ecosystem that has wildlife protection benefits and can mitigate storm dam-
age.  Civilizations have grown and shrunk depending on the health of their adjacent waterways, and several 
have met their end as a result of mismanaging the local water budget.  Most civilizations have carried on, but 
countless people have lost their lives or became ill as a result of mismanaged wastewater. The infamous Broad 
Street Cholera Outbreak of 1854 in London, in which hundreds of people were killed when a leaking cesspool 
contaminated a water pump, reminds us that proper waste disposal is a life and death matter (Johnson, 2006).  
Other civilizations, such as the Anasazi in the American Southwest are presumed to have collapsed because of 
mismanaging stormwater.  The stormwater impact on their irrigation channels led to massive channelization of 
streams, carving them more deeply, eventually making the collection of water for drinking and for agriculture 
impossible (Novotny & Brown, 2010).

Fortunately, we have addressed many of these issues through the successful implementation of grey infrastruc-
ture systems, but they have come at a great cost to the environment and to taxpayers.  Combined sewer over-
flows and impervious cover radically reduce habitat for wildlife and reduce our connection to the natural world. 
As our systems age and degrade, maintenance costs go up each year while cities have to meet stricter treatment 
standards.  The New York City Department of Environmental Protection’s (DEP) annual budget is close to a billion 
dollars, and DEP will spend $7 billion dollars between 2013-2016 on capital improvements to water supply and 
treatment systems – 20% of the total adopted capital budget of the City of New York (NYC Office of Management 
and Budget, 2012).  New York City, like many cities with combined sewer systems in our country, has determined 
that strategically placed green infrastructure provides an opportunity to achieve great capital savings as well as 
address a multitude of environmental and societal issues.
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New York City’s Current System and 
Strategy
New York City currently uses a combination of green and grey infrastructure strate-
gies to manage stormwater, although the majority of the system consists of grey 
infrastructure.  New York City’s wastewater treatment system consists of 7,400 miles 
of sewers and 14 wastewater treatment plants (WWTPs), treating 1.3 billion gallons of 
wastewater daily.  The Ward’s Island WWTP, which serves the area of East Harlem, is the 
second largest WWTP and has the capacity to treat 275 million gallons per day.  There 
are a total of 422 combined sewer outfalls in New York City, and 75 in the Ward’s Island 
sewershed.

New York City has relied upon green strategies for some time as a cost effective way of 
maintaining safe drinking water, treating stormwater, and providing additional ben-
efits.  The City has acquired upstate properties and weighed in on land use decision 
to ensure that intact ecosystems are preserved in the upland watersheds that sup-
ply drinking water. In consultation with the EPA, the City has taken the position that 
protecting source water supplies is more cost effective than building treatment plants 
to obtain the same level of water quality, spending $1.5 billion in watershed protection 
as opposed to $6 billion in capital costs associated with conveyance, treatment, and 
operation (Postel & Barton, 2005, 100).   

On the stormwater treatment side, the Staten Island Bluebelt has been used since 
the 1990’s to absorb urban stormwater runoff as opposed to building an expensive 
sewer system.  The Bluebelt consists of nearly 10,000 acres of natural and engineered 
wetlands and vegetated land in 16 different watersheds on Staten Island, providing 
valuable habitat for plant and animal species and recreational opportunities for people 
(Garin et al., 2009).  As the city shifts towards using more green infrastructure, it is 
important to remember these precedents and to realize that they are proven strategies 
for achieving quality standards and cost effectiveness.

Shifts Towards Stormwater Management 
Stormwater management is becoming a national focus for meeting the various legal 
obligations of environmental legislation.  Stormwater is costly for the environment, 
for suppliers who must provide clean water to constituents, and to cities who have 
a responsibility to ensure that the wastewater returning to our rivers or fields meets 
quality standards.  Managing stormwater for the purpose of pollutant control is a 
relatively new phenomenon and only dates to the 1960’s; previously, both pollutants 
and combined sewer overflows were dealt with through dilution by the receiving body 
of water (EPA, 1983).  While stormwater’s tendency to create flooding gave rise to the 
practice of lining streams with concrete to maximize water conveyance, the negative 
impacts of stormwater on water quality was not seen as a problem until the onset of 
environmental regulations.  

The 1972 Clean Water Act and its amendments’ largest impact on water quality came 
through regulating point-source pollutants associated with industry and sewage 
outfalls.  The CWA was successful at controlling major sources of pollution, such as fac-
tories, and establishing effluent quality standards for wastewater treatment plants, but 
the original legislation was not well-equipped to target non-point source pollution.  
Non-point source pollution, as the name implies, comes from multiple sources and no 
one party (other than the state) can be held responsible for the combined pollutant 
loads.  

In 1978, the EPA established the National Urban Runoff Program to study the impacts 
of urban runoff on water quality and the performance capabilities of various best 
management practices (BMPs).  Until this time, little was known about the quantifiable 
benefits of the various stormwater BMPs we use today because there was little support 
for the investigation of these practices.  Additionally, the lack of mathematical models 
capable of quantifying volume and pollutant loads made it difficult to understand how 
urban runoff could be managed with stormwater BMPs (EPA, 1983). 

The 1987 and 1990 CWA amendments laid the groundwork for requiring municipal 
stormwater plans, and the 1992 amendments to the CWA required cities to establish 
Total Maximum Daily Load (TMDL) plans for impaired waters to delineate the pollut-
ant load a receiving water body can handle without exceeding state-established water 
quality standards.  Since the passage of the 1992 amendments, hundreds of TMDL 
plans have been completed and hundreds more are in the process of being developed.  
The CWA continues to provide the legal basis and obligation for municipalities to deal 
with the challenges of stormwater and non-point source pollution, although the stan-
dards set by hundreds of TMDLs, mainly addressing stormwater management, have 
not yet been met.
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Figure 1
Simplified model showing how the urban water budget is influ-
enced by impervious cover.  Increases in urbanization and paved 
surfaces lead to increased runoff.  Source: City of Lincoln Watershed 
Management: Education http://www.lincoln.ne.gov/city/pworks/
watrshed/educate/runoff/

Impervious Cover 
Urbanization negatively impacts 
water quality as a result of 
altering existing soil conditions, 
causing erosion as soil structures are 
disturbed, and as the multitude of pollut-
ants humans bring with them are intro-
duced into the watershed (EPA, 1983).  

Federal and state environmental policies have largely reduced the impact of point source pollution such as fac-
tories, mills, businesses, and sewage plants, but nonpoint source pollution is more difficult to control; a diffuse 
set of contributors creates a cumulative negative impact.  Examples of non-point pollution are the cumulative 
impact of runoff from a city’s paved surfaces or the cumulative impact of excess nutrients in runoff from farming 
communities.  
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Combined Sewer Overflows
Combined sewer systems (CSSs) are designed to convey all types of wastewater to a treatment plant, including 
household sewage, commercial and industrial waste, and stormwater resulting from surface runoff.  In cities 
with combined sewer systems, rainfall events overwhelm the storage, conveyance, and treatment capacities of 
wastewater treatment plants.  Rather than damage the treatment plant, the combined sewage and stormwater 
are discharged directly into a receiving water body without any treatment.  These events are known as combined 
sewer overflows (CSOs) and they can occur after only several minutes of rainfall.  Two-thirds of New York City’s 
area is served by combined sewers (DEP, 2010), making CSOs a pervasive problem for most of the city.  Increased 
efficiency in toilets and plumbing and a more ecologically minded public have had a positive impact on the CSO 
problem, as CSO events in New York City are now made up of 12% sanitary waste as compared to 30% in the 
1980’s, and increased capacity in the sewer system has meant that 72% of CSO volumes are captured using stor-
age tanks today compared to 30% in the 1980’s (DEP, 2010).

CSOs ultimately happen because impervious cover and paved surfaces create excessive amounts of surface run-
off. With point source pollution being controlled and monitored, combined sewer overflows remain as the big-
gest threat to New York City waterways.  Pathogens, suspended solids, and untreated detergents are all released 
during these events.   Recognizing this, the EPA issued a National Combined Sewer Overflow Control Strategy 
in 1989 to take steps towards regulating CSOs as point source pollution.  The CSO Control Policy, issued by the 
EPA on April 11, 1994, established a system under the National Pollutant Discharge Elimination System (NPDES) 
to regulate the discharge of sewage into waterways.  This policy requires cities with combined sewer systems to 
develop long-term CSO control plans by meeting minimum control standards to capture and treat 85% of com-
bined sewage during storm events.

Figure 2
Basic land cover classification of the study area.  
Data source: Land Cover Raster Data (NYC DPR, 2010)

Using 2010 High-Resolution Land Cover Raster 
data provided by New York City Department of 
Parks and Recreation, and factoring in the 50% 
contribution factor of tree canopy, we deter-
mined that 22.48% of the study area in East Har-
lem consists of permeable surfaces, although it 
is likely that this percentage is actually smaller 
because of the relationship between tree cano-
py size and tree pit area; a typical tree canopy is 
many times larger than its planted area. 

Traditionally designed grey systems capture surface runoff from impervious surfaces and convey them through 
combined sewer systems.  Impervious surfaces increase water speed, carry pollutants, and increase flooding.  
Increases in paved surfaces also increase the rate of erosion and frequency of flash floods (Arnold & Gibbons, 
1996, 245).  Without infiltration and transpiration, a one-acre parking lot can produce 16 times more stormwater 
runoff than a one-acre meadow each year (Schueler, 1994).  One study in Wisconsin showed that streets are the 
worst type of impervious surface (Arnold & Gibbons, 1996), although large-volume contributions from roofs and 
sidewalks can be equally harmful if they trigger a CSO.  

Permeable surface is critical to preventing CSOs and for treating water quality in place.  Gardens, lawns, vegetat-
ed swales, and trees planted in a tree pit are all examples of permeable surface that can help limit the negative 
impacts of surface runoff.  The New York State Stormwater Design Manual notes that only 50% of tree canopy 
area can be considered to contribute to runoff reduction (NYS DEC, 2010).  While tree canopy can intercept rain-
fall and prevent some from entering the sewer system, the tree canopy’s size is not the most accurate indicator of 
actual permeable surface because tree pits and planted areas are not typically as large as the canopy itself.  This 
is particularly true for trees planted in right-of-ways, such as sidewalks.

East Harlem Land Cover Classification
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First Flush 
70% of annual rainfall in New York City comes in storms of 1 inch of rain or less, and 
capturing this first inch of rain through green infrastructure could protect water 
quality while adding to the vitality of the landscape (City of New York Department of 
Parks and Recreation, 2010).  In between rain events, pollutants such as heavy metals, 
particulate matter, and debris are accumulated on paved surfaces.  During the first rain 
event after a dry period, the concentrated pollutants are washed away.  In areas with 
combined sewer systems, these pollutants enter the sewer system, or during larger 
storm events, the pollutants are dumped directly into a receiving body of water.  There 
are numerous challenges with modeling pollutant loading in stormwater runoff, nota-
bly the changes in pollutant volumes resulting from build-up during the time period 
between storms, changes in human activity, and various land cover types that convey 
pollutants differently.  Despite the variations in models for the first flush, there is gen-
eral agreement that the majority of suspended and gross solids, dissolved copper, and 
cadmium are washed from surfaces at the onset of a storm event, although it is less 
clear whether phosphorus, phosphate, nitrate, nitrite, nitrogen, and chloride follow 
the same pattern (Batroney, 2008).  Because of the first flush phenomenon, aiming to 
capture the first inch of rain is a standard target for cities developing stormwater plans.  
Not only does green infrastructure capture pollutants and prevent them from enter-
ing the waterways, properly designed green infrastructure uses volumetric control to 
prevent combined sewer overflows. 

From Grey to Green
Grey infrastructure is a single-purpose tool that delivers no additional benefits, and at 
a time when capital investment is a challenge and the connection between environ-
mental and public health is better understood, green infrastructure is emerging as the 
preferred way to achieve multiple policy goals.  Green infrastructure projects func-
tion by slowing the rate at which stormwater enters the combined sewer system, and 
thereby minimizing CSOs, and by providing biological and mechanical means of treat-
ment that would otherwise happen in a sewage treatment plant (or not at all).  Grey 
infrastructure improvements are more expensive, and the marginal benefits of big 
grey strategies are smaller than the combined contributions of less expensive green 
infrastructure projects that accrue benefits more quickly. 

Hard infrastructure approaches and impervious surfaces have historically been favored 
in cities, but this is changing as cities face increased maintenance and capital costs, 
and as grey systems have catastrophically failed to do their job in major storm events.  
Novotny notes that conveyance and treatment infrastructure are designed to handle 
typical daily loads and at best were designed to handle volumes of sewage and storm-
water typical of a 5-10 year storm.  As storm intensity increases and the intensity of 
rainfall increases with global climate change, catastrophic system failures (as well as 
mundane overflows) are more likely to occur.  Green infrastructure is a viable way to 
address the issues of combined sewer overflows and the negative impacts of stormwa-
ter by controlling both runoff volume and runoff pollutants (EPA, 1983), and there are 
best management practices suited for each unique situation.  

New York City’s Green Infrastructure Strategy 
The NYC Green Infrastructure Plan: A Sustainable Strategy for Clean Waterways was launched in 2010 to establish 
a blueprint for combined sewer overflow (CSO) mitigation techniques and investments in order to “meet the twin 
goals of better water quality in New York Harbor and a livable and sustainable New York City” (NYC DEP, 2010, p. 
2).  The plan aims to attain superior water quality and sustainability results compared to the traditional grey ap-
proach.  The Green Infrastructure Plan has five key components that combine both grey and green approaches: 

1. Build cost-effective grey infrastructure.
2. Optimize the existing wastewater system.
3. Control runoff from 10% of impervious surfaces through green infrastructure.
4. Institutionalize adaptive management, model impacts, measure CSOs, and monitor water quality.
5. Engage and enlist stakeholders (NYC DEP, 2010, p. 3). 

The city will measure the success of its Green Infrastructure plan based on water quality targets, rather than 
solely by CSO reductions (NYC DEP, 2010).  The plan aims to create a roadmap for how the city will capture the 
first inch of rainfall on 10% of impervious surfaces in combined sewer watersheds by 2030 (NYC DEP, 2010).  In 
order to meet this goal, which DEP calls “ambitious but achievable” for a large urban metropolis like New York 
City, the agency has proposed a series of benchmarks: 1.5% impervious area control by 2015, 4% by 2020, 7% by 
2025, and a total of 10% by 2030 (NYC DEP, 2010).  The NYC Green Infrastructure plan evaluates the opportuni-
ties for green infrastructure in 13 combined sewer watersheds: Alley Creek, Bergen and Thurston Basins, Bronx 
River, Coney Island Creek, East River and Open Waters, Flushing Bay, Flushing Creek, Gowanus Canal, Hutchinson 
River, Jamaica Bay and Tributaries, Newtown Creek, Paerdegat Basin and Westchester Creek (NYC DEP, 2010).  As a 
part of the Green Infrastructure plan, DEP will construct over 20 demonstration projects implementing strategies 
suited to different types of land uses.  These include blue roofs and green roofs, porous pavement projects, en-
hanced tree pits, street-side and park swales, Greenstreets, medians, curb-extensions, and constructed wetlands 
(NYC DEP, 2010).

The NYC Green Infrastructure Plan grew out of the Sustainable Stormwater Management Plan, a PlaNYC initia-
tive prepared by an Interagency Best Management Practices Task Force in 2008.  The Green Infrastructure Plan 
promotes continued coordination among City agencies, led by the Mayor’s Office and DEP, and including the 
Department of Transportation (DOT), the Department of Parks and Recreation (DPR), the Department of De-
sign and Construction (DDC), the Department of City Planning (DCP), the Department of Education (DOE), the 
Department of Sanitation (DSNY), the Department of Citywide Administrative Services (DCAS), the Department 
of Housing and Preservation and Development (HPD), the New York City Economic Development Corporation 
(EDC), and the New York City Housing Authority (NYCHA) (DEP, 2010).

NYC DEP is promoting the NYC Green Infrastructure Plan as a more economically and environmentally sustain-
able alternative to traditional stormwater management through large-scale grey infrastructure, and the EPA and 
DEC have endorsed green infrastructure at the national and state levels (DEP, 2010).  The DEP touts their Green 
Infrastructure Plan as “a multi-pronged, modular, and adaptive approach to a complicated problem that will 
provide widespread, immediate benefits at a lower cost” (DEP 2010, p. 1).  The DEP states that it endorses strate-
gies such as green infrastructure that have “substantial, quantifiable co-benefits,” which include increasing open 
space, cooling the city, reducing energy consumption, restoring ecosystems, and improving air quality (DEP 
2010, p. 1-2).  The NYC Green Infrastructure Plan was put forward in the midst of severe budget constraints, with 
the intention that “the City must strive to get the most water quality and sustainability benefits out of every dol-
lar it invests” (DEP, 2010, p. 2).  In the event that a green infrastructure strategy is not able to achieve water quality 
objectives in certain areas, however, DEP reserves the right to default back to a grey infrastructure approach 
(DEP, 2010).
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In the 2011 Update to the NYC Green Infrastructure Plan, the DEC reported back on steps taken since the plan’s 
release.  Specifically, the 2011 Update tracked progress on ten goals established in the original plan, all of which 
are achieved or ongoing:

1. Start a Green Infrastructure Fund to finance private green infrastructure projects(achieved).
2. Create the Green Infrastructure Task Force, an interagency partnership, to incorporate stormwater man-

agement and maintenance into public capital projects (achieved).
3. Construct green infrastructure demonstration projects on a variety of land uses (achieved).
4. Partner with community groups to design green infrastructure building and maintenance programs 

(achieved and ongoing).
5. Initiate a comprehensive program to improve the existing grey system (achieved and ongoing).
6. Develop stormwater management design standards for new construction and redevelopment 

(achieved).
7. Pilot sewer charges for stand-alone parking lots for wastewater services (achieved).
8. Improve DEP models by updating impervious cover data extending predictions to ambient water quality 

(ongoing).
9. Identify other sources of funding for the Green Infrastructure Plan (ongoing).
10. Replace CSO outfall signs to reduce potential hazardous exposure (achieved). (NYC DEP, 2010, p. 3-4).

Since the 2010 release of the Green Infrastructure plan, steps have been taken to achieve the plan’s initial goals, 
including the commitment of $187 million in City funds through Fiscal Year 2015, the initiation of quarterly 
meetings of the interagency Green Infrastructure Task Force, the formation of the Green Infrastructure Citizen’s 
Group and Steering Committee, the launch of the Green Infrastructure Grant Program, the proposal of a rule that 
requires improved on-site stormwater management for new development and redevelopment, and the creation 
of green infrastructure  design standards. (NYC DEP, 2010). 

As part of the roll out of the green infrastructure plan, DEC and DEP have negotiated alterations to the CSO Con-
sent Order to allow the City the flexibility to implement the green infrastructure component of its strategy, which 
resulted in a 2012 modified version of the Consent Order (DEP, 2011c; DEC, 2012).  The modified 2012 Consent 
Order allows for the incorporation of green infrastructure and the substitution of more cost-effective grey infra-
structure projects than the ones previously proposed, determines a schedule for the submission of DEC’s LTCPs, 
and requires the DEP to meet and report upon five-year incremental milestones toward the goal of managing 
runoff from 10% of the City’s impervious surface (DEC, 2012).  Current CSO modeling is based on 1988 rainfall 
conditions, however, and as part of the 2012 Consent Order, the DEP has committed to evaluating whether the 
1988 rainfall conditions remain representative of current and projected conditions in order to account for the 
possible effects of climate change (DEP, 2011c).  The 2010 Green Infrastructure Plan considered a 10% imple-
mentation of green infrastructure across each combined sewer watershed with the exception of East River and 
Open Waters, whereas the Modified 2012 Order mandates a 10% implementation rate as a citywide target, which 
“provides for flexibility in the LCTPs for DEP to adjust the amount of green infrastructure in particular watersheds 
depending upon water quality impairments, implementation opportunities, and overall cost-effectiveness” (DEP, 
2011c, p.4).  

Best Management Practices
Design guidelines – such as the New York State Stormwater Management Design Manual (NYS DEC, 2010), 
Guidelines for the Design and Construction of Stormwater Management Systems (NYC DEP, 2012a), and the 
Standards for Green Infrastructure (NYC DEP, 2012b) –are becoming increasingly important tools for implement-
ing successful stormwater control measures (SCMs) and green infrastructure best management practices (BMPs).  
They provide valuable information to help with quantifying and modeling the potential impacts of planned 
improvements for EPA approval and also remove uncertainty from the process, which is helpful for convincing 
skeptics.  Technical guidelines provide methodologies for selecting an appropriate SCM and also help in plan-
ning for proper maintenance.  

Stormwater control measures and green infrastructure best management practices work in a variety of ways, 
including; physically isolating pollutants through a soil media filtration, allowing water to infiltrate, eliminat-
ing pollutants through biological uptake and conversion, and by slowing and cooling down water.  Most SCMs 
and BMPs are either subsurface, surface, or rooftop systems, and each method has unique offerings in terms of 
qualitative and quantitative mitigation.  Other BMPs include stormwater billing, zoning and land use controls, 
and community engagement.

BMP Type
Typical Pollutant Removal (percent)

Suspended Solids Nitrogen Phosphorous Pathogens Metals

Dry Detention Basin 30-65 15-45 15-45 <30 15-45

Retention Basins 50-80 30-65 30-65 <30 50-80

Construted Wetlands 50-80 <30 15-45 <30 50-80

Infiltration Basins 50-80 50-80 50-80 65-100 50-80

Infiltration Trenched/ 
Dry Wells 50-80 50-80 15-45 65-100 50-80

Porous Pavement 65-100 65-100 30-65 65-100 65-100

Grassed Swales 30-65 15-45 15-45 <30 15-45

Vegetated Filter Strips 50-80 50-80 50-80 <30 30-65

Surface Sand Filters 50-80 <30 50-80 <30 50-80

Other Media Fillers 65-100 15-45 <30 <30 50-80

Figure 3
Chart showing typical pollutant removal of various stormwater best management practices. 
 Source: US EPA, 1993 
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Surface Systems: Vegetated Swales
Vegetated swales and rain gardens serve as a way to retain water while beautifying the 
community.  Rain gardens are designed to serve as a collecting point for stormwater 
runoff, allowing the water to infiltrate, preventing stormwater and its pollutants from 
entering the combined sewer system or waterways. Infiltration allows for groundwater 
recharge, reuse by plants, and permits water to reenter the hydrological cycle through 
evapotranspiration.  Infiltration of stormwater also allows particulate matter to be 
physically filtered through ideally selected and engineered soil media.  Soil-based 
media can also filter heavy metals through adsorption, preventing heavy metals from 
entering the waterways.  Infiltration also allows for microbiological processes to take 
place.  Biologically available nutrients can be digested by bacteria, and pollutants such 
as hydrocarbons can be broken down into less harmful constituents through biologi-
cal processes (Davis et al., 2010). Rain gardens and bioswales can be used in both 
residential and nonresidential areas where infiltration is possible, and they can process 
water from areas up to five times their surface area (for example, a 200 square foot rain 
garden can serve 1000 square feet of impermeable surface) (NY DEC, 2010).  

Surface Systems: Porous Pavement 
Porous pavement is designed to channel water into an underlying infiltration chamber or reservoir rather 
than conveying it into a combined sewer system. Porous pavement and asphalt are similar to their impervious 
counterparts with the exception that the fine aggregate has been removed, allowing for the rapid infiltration of 
stormwater (NYS DEC, 2010).  Porous pavement situated atop large aggregate drainage rock is a very effective 
way to reduce sediment, heavy metals, and nutrients through adsorption, filtration, and settling (NYS DEC, 2010).  
Due to the high likelihood of becoming clogged by sediment and pollutants, the use of porous pavement must 
be limited and it must be highly maintained through routine vacuuming.  Porous pavement should not be used 
in high traffic areas or areas that produce excessive amounts of nutrients or other contaminants as it can be dam-
aged by heavy trucks or large traffic volumes, and excess nutrients or pollutants will reduce the efficacy of the 
porous pavement.    

 Surface Systems: Tree Pits & NYC’s Tree Strategy
Trees are a critical infrastructure, and they are one of the few investments that appreciate with time. As trees 
grow in size, the various benefits they bring increase. They produce oxygen and reduce harmful ozone, clean the 
air, and reduce the heat island effect. They can absorb and transpire huge volumes of water.  They provide im-
mense savings in cooling costs, calm traffic and improve safety, and can help protect road infrastructure (Burden, 
2006).  

Rights of way are a preferable place to plant trees in East Harlem given the limited amount of privately owned 
property with sufficient open space to plant trees.  Trees should be selected for diversity and be non-invasive 
to reduce the chance that large swaths of this green infrastructure are compromised by infestations or disease 
that thrive in monocultures and homogeneously planted areas.  In right-of-way areas that may not be suitable 
for street trees, Greenstreets are another tool used to control stormwater while adding benefits to a community.  
New York City’s Department of Parks and Recreation and Department of Transportation began the Greenstreets 
program in 1996 to convert underutilized paved areas and street medians into high performance vegetated 
areas.  Over 2,500 Greenstreets projects, including rain gardens and bioswales, have been implemented for a 
combined vegetative coverage of 204 acres, and even more are planned as part of PlaNYC.  A further exploration 
of the quantitative benefits of street trees in the study area will be conducted at a later time.

In 2007, New York City’s Office of Long-Term Planning and Sustainability (OLTPS) released PlaNYC: A Greener, 
Greater New York, which establishes several sustainability goals for the city to achieve through 2030.  Million-
TreesNYC is a PlaNYC initiative to plant and care for one million trees throughout New York City (OLTPS, 2011).  
MillionTreesNYC aims to increase the City’s urban forest by 20%, with City of New York planting 70% of trees 
in parks and other public spaces, and private organizations and homeowners planting the other 30% (MTNYC, 
2012a).  The MillionTreesNYC initiative is significant to an analysis of the City’s green infrastructure strategy, con-
sidering trees are an important component of green infrastructure.

More than 60,000 of the plantings so far have been targeted to six “Trees for Public Health Neighborhoods” 
(OLTPS, 2011).  Trees for Public Health Neighborhoods (TPH) are six target areas, including East Harlem, that the 
city identified as communities with the greatest need for trees, based on the fact that with these neighborhoods 
had disproportionately lower than average street tree stock and higher than average rates of asthma hospital-
ization of young children (MTNYC, 2012b; OLTPS, 2011).  The city has argued that bringing more trees to these 
communities will improve air quality by mitigating the pollutants that aggravate respiratory conditions and will 
improve public health outcomes (MTNYC, 2012b). 

Subsurface Systems
Subsurface stormwater control measures typically consist of storage tanks and vaults 
constructed from a variety of materials, and most are constructed with perforated 
pipes on top of gravel beds to assist with infiltration.  Other subsurface systems 
contain water and slowly release it into a combined sewer system where infiltration is 
not possible. One of the advantages to subsurface systems is that they do not take up 
valuable surface space and they can be covered with vegetation.  Subsurface systems 
that utilize infiltration need to be set back from buildings to reduce basement flood-
ing or damage to the building’s foundation.  Subsurface systems are primarily used to 
control water volume by delaying the release into combined sewer systems, but they 
can also address water quality issues by slowing the flow of water, allowing suspended 
particulate matter to settle, adsorbing heavy metals, and cooling water temperatures 
(Davis et al., 2010). 

Figure 4
Chart showing the pollutant removal rate of infiltration systems. Source: EPA, 1999

Pollutant Removal Rate

Total Phosphorus 70% - 83%

Metals (Cu, Zn, Pb) 93% - 98%

TKN 68% -80%

Total Suspended Solids 90%

Organics 90%

Bacteria 90%
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Rooftop Systems 
Rooftop systems are primarily a quantity control method designed to reduce runoff by 
controlling the flow rate of water, effectively reducing the volume of water entering 
a combined sewer system that could contribute to a combined sewer overflow (NYC 
DEC, 2010). Blue roofs and green roofs both capture and process rainwater through 
evapotranspiration, evaporation, and controlled draining, reducing the amount of wa-
ter released into the combined sewer system.  Blue roofs consist of rooftop detention 
infrastructure that captures water for evapotranspiration and for the safe diversion of 
rainwater to a detention tank or permeable surface (NYC DEC, 2010).  Another simple 
rooftop solution is to disconnect the roof downspouts from the sewer system and 
divert it into a surface SCM or permeable surface, reducing the runoff volume (NYC 
DEC, 2010).  

Green roofs also have the additional benefit of saving energy costs relating to heating 
and cooling, as extreme heat and cold are mitigated through the layers of vegetation 
and soil, reducing strain on HVAC systems and saving on electrical and gas utilities 
(NYC DEC, 2010).  

Rain barrels are a cheap way to effectively use roof runoff for gardening or other 
outdoor uses, although they reach capacity quickly.  A standard barrel of 55 gallons 
becomes full from just .8 inches of rain on a 100 square foot catchment area.  Addition-
ally, the barrels must be connected to the downspout through diverters to ensure that 
any overflow does end up in the sewer, making the process slightly more complicated 
than it seems.  Rooftop systems do have their limitations. The roofs must be structur-
ally sound and engineered for the additional weight, they must have a shallow slope, 
and the overflow areas and permeable surfaces they drain into must be located a 
significant distance from any basements or underground utilities.

Signage and Community Engagement
In areas where green infrastructure strategies are being implemented, it is becoming 
increasingly apparent that in order for these new strategies to succeed a new depth of 
stakeholder engagement is needed.  The increased maintenance calendar and overall 
decentralization creates unique opportunities for stakeholders to become involved in 
routine maintenance through regular and consistent participation. 
 
To encourage stewardship, it is preferable to make systems visible rather than building 
systems underground or  building systems without some visible components.  Creat-
ing high visibility projects will bring attention to the issue of stormwater management 
and convince people of the efficacy of green infrastructure (NYC DPR, 2010).  The NYS 
stormwater guidelines recognize that signage is an important component, and state-
approved SCMs that are part of an SPDES permit need to be labeled conspicuously to 
ensure proper maintenance and to inform the public (NYS DEC, 2010). 

Another method for increasing visibility of green infrastructure projects is to create 
programming and activities around the projects. The city of Portland offers cycling 
tours of their green infrastructure sites to teach the public about the benefits of green 
infrastructure (EPA, 2010), and Villanova University gives tours of its various green 
infrastructure techniques to inform municipalities about best management practices.  
The New York City Green Infrastructure Plan (discussed at length earlier) recognizes 
the importance of stakeholder engagement, and the City plans to conduct further 
outreach in order to find meaningful ways to incorporate communities in the mainte-
nance of green infrastructure.

Siting Considerations 
The New York State Stormwater Management Design Manual uses five metrics to 
determine the appropriate siting of an SCM: Land Use; Physical Feasibility; Watershed/
Regional Factors; Stormwater Management Capability; and Community and Environ-
mental Factors. (Siting a stormwater control measure for the study area in East Harlem 
is not determined by the Watershed/Regional factor.) Additionally, for publicly owned 
right of ways, the New York City Department of Environmental Protection’s Office of 
Green Infrastructure has released the Standards for Green Infrastructure for bioswales 
and tree pit designs ranging from 10’x5’ to 20’x5’ for easy implementation (NYC DEP, 
2012b).
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Figure 5
Chart showing how various stormwater control measures perform in terms of water quality and quantity.  Source: NYS DEC, 2010 

Figure 6
Chart showing physical characteristics that influence the siting requirements of various SCMs. Source: NYS DEC, 2010
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Figure 7
Chart showing appropriate SCMs given the land use of the site. Source: NYS DEC, 2010

Figure 8
Chart showing community and environmental factors that influence the placements of various SCMs.  Source: NYS DEC, 2010  
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Economics of Green Infrastructure 
Grey infrastructure improvements are more expensive than green infrastructure inter-
ventions, and the marginal benefits of big grey strategies are smaller than the com-
bined contributions of less expensive green infrastructure projects that accrue benefits 
more quickly.  Green infrastructure, in certain cases, is a more cost-effective way to 
control water quantity and quality.  According to the Green Infrastructure Plan, the 
cost per gallon of controlling combined sewer overflows is $1.60 for green infrastruc-
ture compared to $1.75 for grey techniques such as tanks, tunnels, and system expan-
sion (NYC DEP, 2010).  Green infrastructure also provides a multitude of benefits to the 
community and the environment.  By implementing the NYC Green Infrastructure Plan, 
the DEP expects additional benefits of between $139 and $418 million from increased 
property values, decreased energy costs, and improved health (NYC DEP, 2010).  

Green infrastructure attempts to replicate the water purification processes at work in 
intact ecosystems.  Intact and engineered ecosystems provide huge benefits that are 
rarely accounted for, and declines in intact ecosystems radically increase the cost of 
treating drinking water and wastewater (Postel & Thompson, 2005).  Intact and engi-
neered ecosystems provide clean water supply, flood control, erosion and sediment 
control, recreation and tourism, aesthetic enjoyment, and other financial and cultural 
values. 

Green infrastructure has the other advantages over grey infrastructure as the projects 
are smaller, adaptive, and have much lower overhead.  Given the recent round of fiscal 
problems nationally, finding sustained financial and public support for large-scale 
infrastructure projects may be difficult (NYC DEP, 2010).   While the overhead costs of 
green infrastructure projects may be lower, they have equally complex and expensive 
maintenance costs.  The City of Philadelphia’s Combined Sewer Overflow Long Term 
Control Plan contains detailed information about the maintenance schedules and 
costs for the various BMPs (City of Philadelphia, 2012); the city is exploring possibilities 
for reducing maintenance costs through citizen participation.

Case Study: Philadelphia
There are numerous programs in other U.S. cities that can serve as effective models of 
green infrastructure implementation, from Portland’s Grey to Green Initiative to Kansas 
City’s 10,000 Rain Gardens, although the most comparable case study comes from 
Philadelphia.  Like New York City, Philadelphia is an old Eastern city with a combined 
sewer system facing challenges on both the supply and treatment side.  Philadelphia is 
striving to become the greenest city in the country by using its legal obligation to pro-
duce a combined sewer system control plan as a way to promote other quality-of-life 
strategies.  The EPA and the City of Philadelphia committed to a multi-decade partner-
ship on June 1, 2011 to control stormwater and contain it using green infrastructure.  
Philadelphia’s new combined sewer overflow long-term control plan calls for 9,564 
greened acres by 2036 in order to ensure that 85% of total suspended solids, BOD, and 
Fecal Coliform will be treated (City of Philadelphia, 2011). 

Philadelphia’s strategy of investing in the natural filtration properties and hydrological 
services of water sources began when the city began purchasing villas and proper-
ties and converted them to parks along the Schuylkill River, which continues to be 
a major source of drinking water for downstream communities.  Like the Fairmount 
Park system that was designed to maintain water quality, this equally sized new green 
infrastructure network will further Philadelphia’s creative solutions to complex water 
quality issues.
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Implementation
To fund the plan, the city aims to pass the capital costs on to property owners, whose stormwater bills will now 
be calculated based on the percentage of impervious cover on their property.  Central to the plan is the fact that 
the City of Philadelphia and the Philadelphia Water Department can no longer afford to sponsor impervious 
surfaces in the city and cannot afford to deal with stormwater while meeting water quality standards.  Much like 
NYC DEP, the Philadelphia Water Department (PWD) manages all aspects of the hydrological cycle in the Phila-
delphia area: supply from Schuylkill and Delaware rivers, three treatment plants, CSO outfalls, and stormwater 
collected in the combined sewer systems (Philadelphia Water Department, 2012a).  This type of complete control 
allows the PWD to undertake the ambitious goal of dealing with stormwater pollution through a billing and 
crediting process that rewards privately funded small-scale green infrastructure projects.

The main tool for implementing Green City, Clean Waters is a new stormwater billing policy that aims to incen-
tivize green infrastructure projects.  Beginning July 1, 2010, non-residential and condominium properties were 
charged based on total property size and percentage of impervious area. In Philadelphia, footprints over 15,000 
square feet or projects that would disturb over 5,000 square feet of soil are subject to fines if they do not imple-
ment green infrastructure strategies, and they may be required to have stormwater management plans (PWD, 
2012a).

Stormwater billing is not a new phenomenon; a 1987 paper talked about changing perceptions to look at storm-
water as a utility service and already at that time analysis of BMPs was underway (Cyre, 1987).  In fact, stormwater 
billing is becoming a popular solution to deal with nonpoint source pollution across the country. As of February 
2012, the National Resources Defense Council identified over 400 municipalities in the U.S. using some form of 
stormwater utility billing structure to not only deal with the treatment of runoff, but also to implement green 
infrastructure projects that will prevent the need to treat stormwater (NRDC, 2012). As more and more munici-
palities move to stormwater billing, and as the onus is placed on the individual to provide infrastructure im-
provements, a large market will open up for firms focusing on stormwater retrofitting.  This trend will increase as 
there are 770 combined sewer systems in the USA, many of which are 100 years old and are in need of complete 
overhauls (NRDC, 2012).

Before Philadelphia decided to switch over to a parcel based system that took into consideration the amount of 
impervious surface, the city had been using a stormwater billing structure based on water meters.  Philadelphia’s 
new stormwater billing system is unique in the sense that property owners can receive up to 100% credit (minus 
filing fees) and be exempt from billing if they implement sufficient green infrastructure projects on site. This 
practice is increasingly common, and many municipalities encourage and offer credits for implementing best 
management practices (NRDC, 2012).

The PWD encourages active participation by property owners to actively identify and apply for credits based 
on three criteria; Impervious Area; Gross Area; and NPDES Permit.  The vision calls for disconnecting impervious 
surfaces from storm sewers by routing stormwater through vegetation and other permeable surfaces.  Gross area 
credits apply to large areas of native vegetation or landscaping, and NPDES permits are available for industrial 
properties that produce industrial wastewater.  Stormwater management practices such as swales, created 
ponds, trees, and underground projects may also result in a reduction in stormwater bills, 

Green City, Clean Waters utilizes an adaptive management structure that will continually monitor pilot projects 
to assess progress.  Through constant monitoring of pilots, the PWD will be able to identify treatment methods 
that not only effectively improve water quality, but also contribute to other quality of life issues.  PWD is distrib-
uting Green Guides to education stakeholders.  The Green Guide for Property Management helps property own-
ers navigate the complex crediting process, while the Homeowner’s Guide to Stormwater Management targets 
homeowners, who are not legally required to comply with the stormwater regulations.  The goal is to inform 
homeowners about steps they can take to improve water quality.   

Conclusion
Historically, NYC has managed stormwater through a primarily grey system, but green 
infrastructure is becoming nationally recognized as an important tool for managing 
stormwater.  Green infrastructure stormwater control measures (SCMs) and best man-
agement practices (BMPs) including subsurface, surface, and rooftop systems, includ-
ing bioswales/vegetated swales, rain gardens, trees and enhanced tree pits, porous 
pavement, green roofs, blue roofs, rain barrels, and constructed wetlands, are becom-
ing common practice in New York City.  Through its Green Infrastructure Plan, the DEP 
has launched a twenty years strategy for implementing green infrastructure to control 
the first inch of runoff on 10% of impervious surfaces in combined sewer watersheds.  
Although East Harlem is not a priority area for controlling CSOs, it is a Trees for Public 
Health Neighborhood, and there are many opportunities to incorporate green infra-
structure into the community.

There are several ripe opportunities for implementing green infrastructure in the study 
area, which the final plan will further explore.  Possible opportunities for the client, 
TreesNY, include investigating the feasibility of expanding their existing programming 
– such as the FruiTrees New York pilot program, which brings fruit trees to schools, 
community gardens, and other publicly accessible sites – to include enhanced treepits 
or incorporate stormwater management best practices such as silva cell technology 
and structural soil for tree plantings in paved areas.  This strategy would need to be 
paired with additional funding, since these types of plantings are more expensive.  
Another opportunity to achieve studio objectives would be to promote access to the 
East River Esplanade by using green infrastructure as a tool for way-finding.  Increased 
greenery along corridors leading to the esplanade will beautify those streets and make 
them more attractive to pedestrians. These green infrastructure areas can include 
design elements to help pedestrians navigate their way to the esplanade.

TreesNY utilizes trees as a vehicle for environmental education.  Not every New Yorker 
has access to a park, but most New Yorkers have some access to street trees.  Trees are 
an important component of green infrastructure. Green infrastructure has the po-
tential to expand the mission of TreesNY by providing New Yorkers with more access 
to green.  TreesNY could mobilize local community stakeholders, including schools, 
community-based organizations, and community gardeners to “Adopt the Esplanade” 
to care for plantings and tree beds on the East River Esplanade.  TreesNY could also 
apply their Citizen Pruner model to green infrastructure, by initiating a pilot program 
to train community members on maintenance of green infrastructure sites.  Using 
their connections with the community gardening community in East Harlem, TreesNY 
could mobilize gardeners to advocate for the DEP’s Rain Barrel Giveaway program 
to be made available to local community gardens.  TreesNY could also potentially 
partner with Green Thumb to bring the community garden model of local ownership 
to neighborhood green infrastructure sites, in order to promote local investment and 
maintenance of green infrastructure.  The community garden community is strong in 
East Harlem, and is potentially a ready source of green infrastructure advocates and 
stewards.
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The final plan will identify opportunities to create more permeable surfaces on the East River 
Esplanade, and further analysis is necessary to determine potential sites and feasibility for 
installing additional tree plantings, permeable surfaces, and a natural sound buffer on the 
esplanade.  Potential green infrastructure sites for the esplanade should be identified through 
field observations and mapping.  Additional investigation will also be coordinated to identify 
possible funding sources for green infrastructure projects.  The DEP’s Green Infrastructure Grant 
Program will be explored as a potential source of funding.  This grant program is meant to be 
an incentive for the development of green infrastructure sites on private land.  Eligible ap-
plicants are private property owners in CSO watershed areas, and a 20-year maintenance plan 
must be built into the project.  The studio should conduct an analysis to evaluate the potential 
for a private-property owner partner for TreesNY.  East Harlem is eligible for this funding source, 
although it is not considered a priority area.  Further research should be conducted to identify 
possible green infrastructure sites and determine feasibility of implementation.  Additional in-
formation that needs to be gathered includes site-specific data about the study area, including:

Next Steps

• Neighborhood topography and areas of frequent flooding 
• Identification of NYCHA properties as possible areas for green infrastructure implementation.
• Property ownership information, identifying which properties are publicly and privately owned 

and where there might be interest in green infrastructure on the part of property owners and 
capacity for long-term maintenance.

• Identifying where there is publicly accessible privately owned land, such as parking lots.
• Analyzing the FDR as a potential site for green infrastructure projects, to capture runoff from 

the road corridor.
• Investigating the potential for green infrastructure to serve as traffic calming at dangerous 

intersections and roadways by identifying areas of frequent accidents.
• To the best of our ability, determining underground conditions of potential sites.

GreeningtheGap 27GreeningtheGap
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Appendix:

Figure 9
Map showing the location of the DEP’s Priority CSO Tributary Areas.  
Source: NYC DEP 2010
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Figure 10 
DEP’s 2013 Green Infrastructure Grant Program Priority Areas.  
Source: http://www.nyc.gov/html/dep/pdf/green_infrastructure/2013_gi_grant_reference_map.pdf

Figure 11
Map showing Trees for Public Health Neighborhoods in New York City.  
Source: http://www.milliontreesnyc.org/html/million_trees/neighborhoods.shtml
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Figure 12
Map showing the East Harlem Open Space Index Study Area.  Source: New Yorkers for Parks, 2012
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