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Abstract
This study demonstrates a decision-support framework for planning Green Infrastructure (GI) systems thatmaximize urban
ecosystem services in Camden, NJ. Seven key ecosystem services are evaluated (urban agriculture expansion, combined
sewer overflow reduction, heat island reduction, flooding reduction, capacity building/green jobs expansion, fitness ex-
pansion, and stress reduction), to produce a normalized value for each service for each drainage sub-basin within the city.
Gaps in ecosystem services are then mapped and utilized to geographically prioritize different kinds of multifunctional
GI. Conceptual designs are developed for four site typologies: parks, schools, vacant lots, and brownfield sites. For one
demonstration site, additional analysis is presented on urban engagement, life cycle cost reduction, and new sources of
funding. What results is an integrated, long-term vision where multifunctional GI systems can be readily customized to
meet multiple needs within urban communities. This study provides a portable and replicable framework for leveraging
the regulatory requirement to manage stormwater to meet broader urban revitalization goals, all through a decentralized
network of green infrastructure assets.
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1. Introduction

Twenty-first century cities face a wide range of chal-
lenges, from climate change and reduced federal infras-
tructure financing to compliance with environmental
regulations. While these issues challenge planners ev-

erywhere, they are especially difficult in post-industrial
cities already struggling to meet the diverse needs of
vulnerable populations while handicapped by eroded
tax and infrastructure user bases. In this context, there
is a need to maximize the possible community bene-
fits associated with any major infrastructure investment.
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Of key interest are multifunctional infrastructure strate-
gies that contribute to economic, environmental, and so-
cial bottom lines (Ahern, 2011; Montalto et al., 2012;
United States Environmental Protection Agency [US EPA],
2016). This study focuses on the specific opportunity
presented by federally mandated stormwater manage-
ment requirements.

1.1. Regulatory Context

The Federal Water Pollution Control Act of 1972, known
as the Clean Water Act, requires communities equipped
with combined sewers to develop a Long-Term Con-
trol Plan (LTCP) to reduce the frequency and volume of
combined sewer overflow (CSO). CSOs occur when ur-
ban stormwater entering combined sewers exceeds the
system capacity, triggering discharge of untreated com-
bined wastewater and stormwater into local water bod-
ies. There are roughly 750 municipalities nationwide (US
EPA, 2004) with combined sewers, including some of the
largest cities in theMid-Atlantic,Midwest, andNortheast
regions of the United States. In response to federal pol-
icy, urban stormwater managers have, over the past two
decades, been investigating awide range of strategies for
controlling CSOs, including the use of in-line or end-of-
pipe control strategies such as tanks and tunnels. Such
centralized grey infrastructure strategies may be effec-
tive at reducing CSO frequencies and volumes but can
also be both expensive and difficult to site in urban ar-
eas where space is limited and land acquisition costs can
be relatively high (Montalto et al., 2007).

Many large cities like Philadelphia and New York are
instead increasingly opting to comply with federal CSO
control policy using a hybrid, decentralized approach
(Mittman & Kloss, 2014). Known generally as Green In-
frastructure (GI), this approach seeks to retain, detain,
or reuse stormwater at its source. The US EPA (2016) de-
fines GI as “a cost-effective, resilient approach to man-
aging wet weather impacts that provides many commu-
nity benefits.” GI systems may include green roofs, per-
meable pavements, right-of-way bioswales, constructed
wetlands, rain gardens, and a suite of other approaches
integrated into the design of streets and parcels.

1.2. Green Infrastructure and Ecosystem Services

To significantly reduce CSOs, GI needs to be applied
widely within urban watersheds. Municipal GI programs
routinely exceed one billion dollars and involve imple-
mentation periods spanning multiple decades. While
centralized grey infrastructure solutions take many years
to design and construct prior to any realized benefit, the
decentralized nature of GI allows it to be implemented
at a flexible pace according to municipal capacity, and
start producing immediate tangible benefits. The dis-
tributed and phased nature of the GI programs creates
newopportunities for adaptively re-imagining the design
of streets, parks, buildings, and other urban land uses

to address multiple sets of goals. In this way, the need
to capture stormwater becomes an opportunity for also
replenishing water tables, restoring habitats, beautify-
ing streetscapes, creating opportunities for employment
and recreation, raising property values, reducing urban
temperature, cleaning the air, sequestering greenhouse
gases, and enhancing biodiversity (Dunn, 2010; Grant &
Gallet, 2010; Schilling & Logan, 2008; US EPA, 2013).

One way of considering these varied benefits is
as “ecosystems services,” the direct and indirect ben-
efits that humans derive from ecosystems. This term
gained widespread use after publication of the Millen-
nium Ecosystem Assessment (MEA, 2005), but only re-
cently has been applied in urban contexts (Miller, 2017).
Ecosystem services can be grouped into four general cat-
egories: provisioning services (such as food, water, and
timber), regulating services (such as regulation of cli-
mate, floods, disease), cultural services (such as recre-
ation, aesthetic enjoyment, spiritual fulfillment), and
supporting services (such as soil formation, pollination,
nutrient cycling). Strategically planned, sited, operated,
and maintained, GI systems can provide many different
services in each of these categories. By identifying re-
gions within a city in need of certain services, GI plan-
ners can infuse local needs and opportunities into deci-
sions regarding what kind of GI to introduce into a com-
munity, where specifically to build it, and how it might
be designed, operated, and maintained.

1.3. Camden Context

The city of Camden faces many urban redevelopment
challenges such as: high rates of poverty, high unemploy-
ment, significant recent population loss, and large num-
bers of abandoned properties and brownfields. At the
time of this study, the Camden County Municipal Utili-
ties Authority (CCMUA) was in the process of develop-
ing an LTCP for the City of Camden, and was considering
incorporation of GI into this plan. Through the collabo-
rative efforts of the Camden SMART (Stormwater Man-
agement and Resource Training) Initiative, some conven-
tional GI pilot projects had already been implemented
throughout the city, though the approach taken to cus-
tomize these projects to local community needs had not
utilized ecosystem services as a driving principle.

This paper first introduces the GI decision-support
tool and how it is used to identify ecosystem service op-
portunities that can be addressed with multifunctional
GI systems. Next, the tool is applied to Camden, yield-
ing maps that identify unique sets of ecosystem service
opportunities for each drainage area within the city. Fi-
nally, a representative group of sites are identified via the
framework, and conceptual designs presented, providing
an opportunity to visualize multifunctional GI as well as
dive deeper into associated maintenance, programming,
and funding issues.

The goal of this paper is to present a decision-support
tool that water utilities can use to customize GI siting, de-
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sign, operation, and maintenance decisions so as to max-
imize the potential for the resultant GI systems to pro-
vide locally valued ecosystem services, while also man-
aging stormwater. Demonstration of the tool in Camden
was appropriate because of the many ecosystem service
needs of the city, the opportunity it afforded to provide
timely input into CCMUA’s ongoing LTCP process, and be-
cause of the high level of engagement of local stakehold-
ers in stormwater-related issues.

2. Methodology

The GI decision-support tool is implemented in four
phases. During the first phase, a shortlist of ecosystem
services is generated, based on literature review and
stakeholder consultation. The second phase uses avail-
able data to generate “gap scores” for each ecosystem
service within each of the city’s drainage sub-basins,
specifically identifying priority areas associated with
each ecosystem service. In the third phase, individual
sites are ranked based on stormwater management po-
tential and observed site characteristics. Finally, a small
group of demonstration sites are selected for additional
conceptual design development as part of phase four.
Each of these phases is discussed in more detail below.

2.1. Identification and Prioritization of Ecosystem
Services

A literature review was conducted to identify the full
range of ecosystem services that could be provided by
known GI techniques. Simultaneously, meetings with a
diverse set of local stakeholders (government, non-profit,
and private stakeholders at the local, state, and fed-
eral levels) were held to identify the specific datasets
needed to quantify and spatially rank urban ecosystem
services needs across the city. The literature review,
stakeholder engagement, and subsequent database de-
velopment culminated in a shortlist of urban ecosystem
services deemed appropriate for consideration in the
study. These included: urban agriculture expansion, CSO
reduction, heat island reduction, flooding reduction, ca-
pacity building/green jobs expansion, fitness expansion,
and stress reduction.

The ecosystem services that emerged from this pro-
cess fall into three of the four categories identified by the
MEA: provisioning, regulating, and cultural services. Ur-
ban agriculture expansion through community gardens
is an example of a provisioning service, since these sys-
tems can produce food while increasing permeable sur-
face area and reducing runoff. Flooding, CSO, and heat
island reduction are examples of regulating services that
can be provided by GI, specifically through the ability of
vegetated permeable landscapes to provide shade and
latent heat transfer, while also collecting and infiltrat-
ing stormwater, preventing both surcharges and over-
flows of the sewer system. Cultural services were more
subjectively defined since cultural norms and values are

site specific. For the Camden study, three factors that
are both linked to human well-being and also related to
GI implementation were considered: the availability of
outdoor fitness opportunities that could improve physi-
cal and mental health, increased access to features that
reduce physical stress on individuals, for example tree
canopies that produce shading, and access to educa-
tional or professional development opportunities.

Note that the selection of ecosystem services that
were included in the Camden analysis is not necessarily
the same list that would be used in other places, since
decisions regarding whether a specific ecosystem func-
tion actually constitutes a service are subject to local val-
ues (Bolund & Hunhammar, 1999; Gómez-Baggethun &
Barton, 2013). It is conceivable, and indeed probable,
that stakeholders in other locales would identify other
combinations of ecosystem services to carry forward in
the analysis. The unique incorporation of local values
and circumstances into the analysis also explains why
no supporting services made it into this particular anal-
ysis, though supporting services could certainly become
important in studies conducted in other places. The key
role that local values play in establishing which ecosys-
tem services are utilized in the analysis also underscores
the importance of engaging a representative cohort of
local stakeholders in the process.

Once the final list of services was developed to guide
the overall analysis, a scoring scheme involving factors
and weights was developed to compare the ability of
each of the city’s drainage sub-basins to provide the ser-
vice. Factors included in the computation of each service
score were selected based on the availability of local in-
formation in Camden and weighted based on an evalua-
tion of local risk and exposure pathways. Factors that in-
creased either risk or exposurewere included and ranked
based on best professional judgment. A summary of this
evaluation is presented in Table 1.

2.2. Area Level Ecosystem Service Gap Score Algorithms

Algorithms were developed to quantify ecosystem ser-
vice levels at a neighborhood or “area” scale for drainage
sub-basins within the city. Sub-basins are geographic
areas that drain to specific CSO outfall locations, and
are a common planning unit for stormwater capture. As
part of its LTCP planning process, CCMUA must quantify
stormwater volumes and water quality impacts (i.e., CSO
volume and/or frequency reductions), and modeling ac-
tivities are typically implemented at the sub-basin level.
The median sub-basin size in Camden, approximately
.2 km2, is an ideal area for GI planning, because it is large
enough to scale up from individual site-specific GI and
monitor cumulative performance, but small enough that
measurable outcomes can be observed within a reason-
able design and implementation timeline. For planners,
this is an important iterative step between demonstra-
tion at the site scale and more widespread implementa-
tion of a GI program.
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Table 1. Phase one evaluation of ecosystem services.

Category Ecosystem Ecosystem Factor Key Data Sets Notes
Service Service Weight
(Description) Factor

Provision- Urban
Agriculture
Expansion
(Expansion of
gardening
and farming
opportunities
for food
production)

Food Desert 0.500

Grocery Store The 2008 U.S. Farm Bill (Food, Conservation,
and Energy Act, 2008) describes a food desert
as an area with limited access to affordable
and nutritious food, particularly in lower
income neighborhoods and communities. In
some cases, food production from urban
agriculture can play an important role in food
security, especially during economic and
political crises (Barthel & Isendahl, 2013). For
this and other categories, population density
is a measurement of exposure.

ing Locations

Community
Garden
Locations

Population
0.500

Population
Density Density

Regulating CSO
Reduction
(Reduction of
number and
frequency of
CSO)

CSO Density 0.500
Average CCMUA provided annual modeled CSO

volumes for each drainage sub-basin within
the City. Because CSOs are triggered when
stormwater volumes exceed the conveyance
capacity of the collection system, impervious
area coverage was also evaluated as a
contributing factor to CSO reduction.
Impermeable surfaces such as roads, roofs,
parking lots, and sidewalks that store little
water, reduce infiltration of water into the
ground and accelerate runoff to ditches and
streams (Konrad, 2003).

Annual CSO
Volume

Impervious
0.250

Impervious
Cover Area
Density Coverage

Population
0.250

Population
Density Density

Flooding
Reduction
(Reduction of
localized
flooding due
to improper
surface
drainage)

Flood Location
0.400

Flooding CCMUA also provided data on flooding
locations and associated traffic reports. In
addition to the assessment of impervious
coverage, an analysis of average elevations
across the City’s drainage sub- basins was
conducted to approximate flood risk due to
low elevations. Exposure was assumed to be
greater at higher population densities.

Density Locations

Mean
Elevation

State of New
0.200 Jersey Digital

Elevation Model

Impervious
0.200

Impervious Area
Cover Density Coverage

Population
0.200

Population
Density Density

Heat Island
Reduction
(Reduction of
local ground
surface tem-
peratures)

Tree Cover
0.250

Tree Canopy The urban heat island effect is the
phenomenon whereby urban regions
experience warmer temperatures than their
rural surroundings (US EPA, 2008). Impervious
areas heat up more readily than vegetated
pervious ones and are thus a key factor in
evaluating the extent of the heat island
coverage. Tree canopy coverage obtained
from a 2011 study by the U.S. Department of
Agriculture was utilized to gain an
understanding of existing tree density in
Camden. Urban forests ameliorate climate
through: shading, evapotranspiration, and
airflow modification, which affects the
transport and diffusion of energy, water
vapor, and pollutants (Nowak & McPherson,
1993). Furthermore, the National
Collaborating Centre for Environmental
Health (2010) identifies populations
vulnerable to heat stress (children under the
age of 5, adults over the age of 65) as a focus
for heat island reduction.

Density Cover

Heat-

0.250

Heat-Vulnerable
Vulnerable Population
Population Density
Density (<5, >65)
Impervious

0.250
Impervious

Cover Density Area Coverage

Population
0.250

Population
Density Density
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Table 1. Phase one evaluation of ecosystem services. (Cont.)

Category Ecosystem Ecosystem Factor Key Data Sets Notes
Service Service Weight
(Description) Factor

Cultural Capacity
Building and
Green Job
Expansion
(Expansion of
education,
professional
development,
and
employment
opportunities)

Capacity
Building
Opportunities

0.500

Environmental Exposure to nature and green space provides
multiple opportunities for cognitive
development, which increases the potential
for stewardship of the environment and for a
stronger recognition of ecosystem services
(Krasny & Tidball, 2009; Tidball & Krasny,
2010). As an example, urban forests and
allotment gardens are often used for
environmental education purposes (Gröning,
1995; Tyrväinen, Pauleit, Seeland, & de Vries,
2005) and facilitate cognitive coupling to
seasons and ecological dynamics in
technological and urbanized landscapes. This
service addresses the issue of who
participates in urban redevelopment, who
benefits from the work of GI, and how
(Campbell, 2014).

Community
Organization
Locations

Public Elementary
and Secondary
School Locations

Median
0.250

Median
Household Household
Income Income

Unemployment
0.250

Unemployment
Rate Rate

Fitness
Opportunity
Expansion
(Expansion of
access to
outdoor
destinations
for fitness)

Outdoor
Destination
Density

0.500

Public Park Individuals below retirement age with greater
exposure to green space reportedly have
lower rates of mortality (Mitchell & Popham,
2007). The body mass index of children has
been shown to have an inverse relationship to
exposure to green space (Bell, Wilson, &
Liu., 2008).

Locations

Community
Garden Locations

Median
0.250

Population
Density

Household
Income

Population
Density

0.250
Median
Household
Income

Stress
Reduction
(Expansion of
access to
stress
reduction
features)

Stress
Reduction
Services
Density

0.500

Mental Health When exposed to natural environments,
stress levels decrease rapidly, whereas during
exposure to urban environments, stress levels
remain high or even increase (Ulrich et al.,
1991). Another study on recovery of patients
in a hospital showed that patients with rooms
facing a park had 10% faster recovery and
needed 50% less strong pain-relieving
medication compared to patients in rooms
facing a building wall (Ulrich, 1984).

Service Centers

Public Park
Locations

Community
Garden Locations

Median Median
Household 0.167 Household
Income Income

Unemployment
0.167

Unemployment
Rate Rate

Population
0.167

Population
Density Density

The algorithms mathematically combine different
spatially differentiated variables. A value for each of
these variables was developed for each sub-basin area
as a normalized value between 0 and 1, where 1 repre-
sents the highest priority, and 0 represents the lowest. In-
formed by the stakeholder engagement process, weights
were also assigned based on the anticipated impact of
each variable to each service. The summation of the

weighted factors equals the service gap score such that:

SGi = (W1 × V1) + (W2 × V2) + … + (Wn × Vn) (1)

SGNi =
SGi − SGmin

SGmax − SGmin
(2)

with SGi = raw service gap score,W =weight value, V =
variable value and SGN = service gap score normalized.
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For example, the service gap score for the ecosys-
tem service of “urban agriculture expansion” considers
population density within the sub-basin and its “food
desert” density, defined as the relative prevalence of
grocery stores and community gardens. Sub-basins with
high population density and high food desert density
(i.e., fewer grocery stores and community gardens) rel-
ative to the city mean were awarded the lowest ecosys-
tem service levels. Areas with the lowest ecosystem ser-
vice levels had the highest ecosystem service gap score
for this service. GI systems conceived for areas with a
high urban agriculture gap score would ideally be de-
signed to include food production capacity such as veg-
etable gardens or orchards.

With the gap scores for each of the seven target
ecosystem services within each sub-basin, a compos-
ite score was generated. Although various weighting
schemes could be used for combining the individual
ecosystem service gap scores, including through a partic-
ipatory stakeholder program, an arithmetic average was
used here for demonstration purposes. The composite
gap score was utilized to rank the sub-basins in order of
highest composite service gap score to the lowest, allow-
ing different drainage sub-basins to be compared to one
another using a common metric, and prioritize specific
drainage sub-basins for GI implementation. Sub-basins
with the highest composite gap-scoreswere assigned the
highest priority in the next phase of work.

2.3. Site Selection and Prioritization

Based on an evaluation of gap scores, land tenure, and
field investigation, potential sites for multifunctional GI
were identified and prioritized. In terms of tenure, em-
phasis was placed on public properties (e.g., schools and
parks), abandoned sites, and brownfield sites, because
of synergies with the interests of CCMUA. A total of 18
schoolyards, parks, vacant lands, and brownfields were
identified within the highest priority sub basins. Further
refinement of the 18 sites was performed through field
investigations conducted by the project team. These field

investigations evaluated both the specific ecosystem ser-
vice opportunities and the “park development impact,”
a metric used by The Trust for Public Land (TPL, 2004) to
assess GI potential in other jurisdictions (see Table 2).

2.4. Ecosystem Service Driven Conceptual Design Process

To visualize potential multifunctional GI, the four top-
ranking sites were utilized for further conceptual design
development. First, the volume of stormwater generated
on directly connected and adjacent impervious surfaces
was estimated. Directly connected surfaces are defined
as impervious spaces already graded towards the site.
Stormwater from adjacent surfaces, by contrast, could
theoretically be conveyed to the site using trench drains,
pipes, or other hydraulic appurtenances, even if the sur-
faces themselves were not graded towards the future GI
site. Next, the potential site features that could help to
address the top three ecosystem service gap scores of
the respective sub-basin were identified. Multiple fea-
tures were incorporated into each site so as to demon-
strate the range of options that could be considered in
a future participatory process focused on developing fi-
nal designs.

3. Results and Discussion

3.1. Area Level Ecosystem Service Gap Score Model
Results

The composite service gap scores (with equal weighting
of the services) are presented in Figure 1 and can be uti-
lized as a general indicator of the portions of the city that
could benefit most frommultifunctional GI projects. The
individual gap scores are presented (with equal interval
categories, 0–0.20, 0.21–0.40, 0.41–0.60, 0.61–0.80, and
0.81–1.00) in Figure 2 for the seven individual ecosys-
tem services considered for the Camden study. All of the
scores can also be accessed in digital form through TPL’s
GI Opportunity Mapping GIS Viewer (for access informa-
tion please contact the authors).

Table 2. A description of the qualitative factors assessed and compared during multifunctional GI site prioritization.

Factor Description

Potential community impact Quantified by determining the number of people who live within a 10-minute walk
of the site, and reviewing patterns of pedestrian and vehicular circulation.

Potential volume of stormwater Potential volumes of stormwater based on topography, infrastructure, and other
managed factors.

Potential for site improvements Sites with the greatest need for physical improvement were ranked higher than
those that were already in reasonable physical condition.

Potential for ‘eyes-on-the-site’ A determination of site visibility, à la urbanist Jane Jacobs, which translates to how
likely it is to be safe and secure or require additional repair and maintenance.

Qualitative review of social Sites that provided greater opportunities for partnership were favored over those
conditions on and around the site offering fewer partnerships.
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Figure 1. Combined ecosystem service gap score map for the city of Camden, NJ.

Visible differences in individual ecosystem service
gap scores across the city’s sub-basins suggest that the
model algorithms successfully identified gradients in con-
ditions. The ecosystem service gap scores were normal-
ized and thus represent a relative ranking of ecosystem
service needs. Lower scoring sub-basins are not necessar-
ily without need, but rather are less in need of a partic-
ular service than other portions of the city. By contrast,
the highest ranked sub-basins are estimated to benefit
most from GI designed to maximize specific services.

Table 3 displays the individual service gap scores for
the top 16 ranked sub-basins (20th percentile, combined
score). The table shows that the highest ranked services
vary for each basin, suggesting an opportunity to cus-
tomize GI selection, siting, and design decisions to neigh-
borhood conditions. In the conceptual design process,
the composite scoreswere utilized in site selection,while
the top three individual gap scores were used to guide
development of the key site design features.

3.2. Site Selection and Prioritization Results

Following our evaluation of gap scores and field inves-
tigations, a total of 18 sites were selected and priori-
tized. The strongest candidates in each land tenure type
(schoolyard, park, vacant land, and brownfield) were
identified for further analysis, and are described below.
(For access to the complete site selection and prioritiza-
tion matrix, please contact the authors).

The highest ranked park site was AlbertaWoods Park.
This site emerged as an exemplary candidate site be-
cause of its high visibility and potential ability to manage
stormwater from the adjacent right-of-way (ROW)within
the boundaries of the park. The park is in a densely pop-
ulated residential area and is adjacent to a well-traveled
vehicular route. In addition, local students at the nearby
Francis X McGraw Elementary School can easily access
and benefit from the site. The conceptual designs devel-
oped for Alberta Woods Park would thus provide a posi-
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Figure 2. Individual gap score map for each ecosystem service evaluated.

Table 3. Top 20th percentile sub-basins for combined service gap score.

Service Gap Score

Sewer Catchment Combined Urban CSO Heat Flooding Capacity Fitness Stress
Sub- Area Agriculture Reduction Island Reduction Building / Expansion Reduction
Basin (km2) Reduction Green Jobs
ID Expansion

C15 .10 1.00 0.67 0.85 0.93 0.49 1.00 0.79 0.84
C3-8 .21 0.92 0.89 0.86 0.66 0.38 0.60 0.88 0.99
C27-2 .20 0.90 1.00 0.83 0.75 0.54 0.28 0.89 0.92
C3-10 .14 0.82 0.56 0.93 0.85 0.41 0.71 0.76 0.69
C22A-3 .04 0.81 0.77 1.00 0.94 0.48 0.24 0.73 0.71
C3-5 .23 0.80 0.58 0.89 0.77 0.39 0.61 0.81 0.79
C6-2 .11 0.80 0.43 0.76 0.70 0.36 0.76 0.83 0.98
C90-3 .21 0.80 0.67 0.82 0.60 0.37 0.53 0.85 0.98
C13-2 .28 0.79 0.63 0.59 0.90 0.48 0.82 0.63 0.72
C3-6 .28 0.78 0.69 0.81 0.68 0.39 0.51 0.82 0.87
C11-3 .23 0.77 0.62 0.46 0.82 0.48 0.73 0.79 0.82
C90-4 .23 0.77 0.58 0.93 0.73 0.37 0.61 0.70 0.80
C3-9 .23 0.77 0.53 0.56 0.60 0.43 0.97 0.76 0.83
C10-1 .24 0.76 0.93 0.60 0.81 0.66 0.60 0.69 0.39
C22A-2 .02 0.74 0.00 0.97 0.89 0.44 0.31 1.00 1.00
C22-6 .19 0.73 0.56 0.65 0.83 0.43 0.70 0.71 0.68
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tive example of stormwater management for direct pub-
lic benefit within an existing park.

The highest ranked schoolyard site was Sumner Ele-
mentary School. The site emerged as an exemplary can-
didate site principally because of its vast impervious sur-
face area, but also because of its potential for increas-
ing recreational opportunities for local students. This
school is located within the Whitman Park Choice Neigh-
borhood boundary, making it also potentially eligible for
grant funding. The schoolyard currently includes no phys-
ical amenities for the children who attend classes. Sum-
ner Elementary was thus selected as an opportunity to
demonstrate how stormwater management could be in-
tegrated into schoolyard redevelopment.

The highest ranked vacant site was a series of inter-
connected lots located at the intersection of Vine and
Willard in North Camden. These lots could be combined
to create a new park that would manage both on-site
and ROW stormwater. In addition, this site is located in
a park-poor area of Camden with a high number of resi-
dents who live within a 10-minute walk, and is adjacent
to religious institutions. There are no known zoning or
other regulatory conditions that restrict the type of rede-
velopment possible at this site. A complete Environmen-
tal Assessment would, however, be recommended prior
to start of work on any site. This collection of lots was se-
lected to demonstrate how vacant land could be aggre-
gated and transformed into a multifunctional stormwa-
ter park with multiple community benefits.

The brownfield site selected for conceptual design
development was Camden Labs. While this was not the
highest ranked site, the selection and prioritization pro-
cess revealed this site’s great potential to integrate GI sys-
tems into an in-process proposal for redevelopment to
be undertaken by the Camden Redevelopment Author-
ity and other stakeholders. The site provides a unique
opportunity to integrate stormwater management into
sustainable housing design, urban homesteading, and a
complete sustainable site development.

3.3. Conceptual Design for Four Demonstration Sites

The composite gap scores and site selection matrix di-
rectly informed the choice of sites in each of four site
typologies: parks, schools, vacant lots, and brownfield
sites. Basic design parameters, and a conceptual site plan
for multifunctional GI is included for each location in Fig-
ures 3–6. The designs present elements that respond to
the top ecosystem service gaps identified in this analysis
(note inset on each site plan).

3.4. Interpreting and Using the Results

The sites selected and the conceptual designs presented
are the results of the ecosystem service gap scores as
they are valued in the decision-support framework, as-
suming equal weighting of constituent services. Thus,
they represent only one vision of how these sites could

Figure 3. Alberta Woods Park concept plan.
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Figure 4. Sumner Elementary School concept plan.

Figure 5. Vine and Willard vacant lots concept plan.
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Figure 6. Former Camden Labs stormwater assessment.

be redesigned for multifunctionality. In future analyses,
the weighting scheme could be locally tailored through
stakeholder engagement. Dialogue about the ecosystem
services could be used to elucidate where stakeholders
already agree andwhere additional debate and fact gath-
ering is necessary to build consensus about neighbor-
hood needs. Such a process is important for GI priority
setting, but is alsomore generally valuable in community
goal setting.

For example, in a particular jurisdiction, the consul-
tants engaged in the LTCP planning process may be prin-
cipally focused on the regulatory mandates associated
with CSO reduction and/or the public nuisance associ-
ated with flooding, and be less aware of other commu-
nity needs that could potentially be addressed by GI. Dur-
ing a meeting with stakeholders, members of a local se-
nior center could, for example, articulate the difficulty
that the elderly feel waiting for buses in the hot sun, and
an individual representing the local planning board could
inform the group of a new permit issued to open a new
supermarket. The resulting deliberation might result in
an across-the-board increase in the weight assigned to
the heat island service provided by GI, and a localized re-
duction to the weight given to urban agriculture in the
region immediately surrounding the new supermarket.
These changes would result in different spatial priorities
for GI, and different constituent services guiding their de-
sign. In this way, local knowledge and preferences are in-
corporated directly into the GI planning process, while

the deliberation also promotes education, and creates
new partnerships between the community and local gov-
ernmental decision-makers.

The conceptual designs presented emerge from ap-
plication of the new decision-support tool to Camden,
and present customized strategies for utilizing multifunc-
tional GI investments to manage stormwater, while also
addressing other community needs, and potentially at-
tracting new interest and funding in GI as an urban pol-
icy initiative. To further explore this potential multifunc-
tional role for GI in 21st century cities, additional analysis
is presented for the Vine and Willard site.

3.4.1. Vine and Willard Vacant Lots—Urban
Engagement Through GI Investment

The Vine and Willard site is an agglomeration of twelve
vacant lots at the core of a residential area. The Cam-
den Bible Tabernacle Church sits on the only actively
used lot within the block. The collection of lots com-
prises 2,428 m2 of pervious grass area, with individual
lots owned by the City of Camden as well as some pri-
vate landlords. While the effort required to synchronize
a re-appropriation of these lots for GI may be significant,
a concerted effort to do so, for example through the
development of a land bank, may be warranted, since
similar configurations of vacant or quasi-vacant blocks
are common throughout Camden. Analysis of this site
is presented as an example of the potential benefits of
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attempting to remedy this challenging urban condition
with a GI strategy.

The overall vision is to leverage GI investments on
the block to create a “neighborhood green infrastruc-
ture hub”. While actively managing stormwater gener-
ated on directly-connected and adjacent impervious sur-
faces, the Hub would also provide workforce develop-
ment activities associated with GI installation and main-
tenance, and retail opportunities associated with sales
of rain barrel components, and vegetated “plugs” that
could be used in GI installations in Camden, and nearby
Philadelphia (Figure 5). In this way, the design concept
builds local capacity through green jobs (the sub-basin’s
top ranked ecosystem service) with a physical GI strategy
that that reduces CSOs and the urban heat island effect
(the second and third ranked ecosystem services).

Given that most of the existing lots are undeveloped
pervious areas (with the exception of a 111 m2 exist-
ing concrete pad), the design would ensure that these
spaces remain pervious in perpetuity, while expanding
their tributary source area. In addition to these stormwa-
ter source areas, the site also presents an opportunity to
diffuse knowledge about GI systems into the surround-
ing residential neighborhood, for example by distributing
rain barrels to local households, or disconnecting local
downspouts from the sewer systems. The management
of rooftop runoff through such measures is known to be
relatively cost effective (US EPA, 2013), and can help to
expand the impervious area that can be treated by GI be-
yond the public right-of-way. It could, in this way, provide
private property outreach and extension of GI applica-
tion for CCMUA.

The design includes a retail garden center, nursery
and greenhouse, as well as a shaded pavilion for flexi-
ble market space and additional retail opportunities (Fig-
ure 7). Training facilities are proposed; including work-
shop areas with demonstration rain garden and rain bar-

rels (which manage stormwater from onsite and ROW
areas), and community spaces can be constructed to
provide flexible meeting spaces for events or classes.
Local community organizations could use the site for
workshops, training, and other gatherings, fostering long-
term relationships within the neighborhood.

3.4.2. Vine and Willard Vacant Lots—Life Cycle Cost
Reduction and New Funding Sources

Obviously, the site would need to be maintained in or-
der to adequately provide the ecosystem services it is
designed to provide. It is well established that GI main-
tenance represents a significant opportunity for urban
communities (Water Environment Federation, 2015), by
providing new local jobs and environmental education.
In Philadelphia, the Community LandCare initiative of the
Pennsylvania Horticultural Society works with 18 com-
munity organizations, to hire local residents who per-
form landscapemaintenance work on vacant lots in their
neighborhood (2017). The GreenHouse program of the
Horticultural Society of New York (2017) provides voca-
tional training in horticulture for incarcerated individuals
at Rikers Island. Upon their release, graduates of the pro-
grammay enter a vocational internship program that pro-
vides maintenance to gardens, parks, street trees, and
green roofs throughout New York City.

Such programs reduce the maintenance burden that
decentralized GI creates for public utilities, and could
also generate new sources of revenue, further offset-
ting GI O&M costs. As an example, Table 4 shows a cur-
sory evaluation of the potential revenue that could be
generated by paying local adults $15/hr, above a living
wage, to grow vegetated plugs (assuming two growing
seasons per year, with 269 plugs grown per m2) at the
Vine and Willard Site. The living wage (the hourly wage
that an individual must earn to support their family, if

Figure 7. Vine and Willard vacant lots site rendering. Source: ThinkGreen, LLC.
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Table 4. Estimated revenue and costs associated with the Vine and Willard site conceptual design.

Potential Annual Costs (O&M)

Top Components Qty Unit Annual Operations and Assumptions Annual Annual
Ecosystem Value Revenue Maintenance Hours Cost ($15/
Services Tasks Hour)

Green
Jobs
Capacity
Building
Expansion
(1.00)

Rain garden 196,125 $0.85/ $166,706 Tilling, 8 hrs per 1,600 $24,000
plant PLUGS PLUG watering, session,
production weeding, 5 days a week,
(364 m2) harvesting. 10 months

per year

Demonstration 205 m2 Remove trash 2 hrs per 32 $480
rain garden and sediment. session, twice

Weeding a month,
invasives. 8 months

per year

Demonstration 3 Remove trash 1 hr per 16 $240
roof disconnect and sediment. session, twice
for rain barrels a month,

8 months
per year

Retail garden 483 m2 Flexible Retail Demand paired to revenue from
center and operations retail
retail nursery and

management

Workshop space 69 m2

Classroom space 46 m2

Heat
Island
Reduction
(0.93)

Rain gardens 107
installed on
adjacent
private parcels

Trees provided 107
for adjacent
rain gardens

CSO
Reduction
(0.85)

Direct and 3,098 m2 Remove trash 2 hrs per 32 $480
adjacent ROW and sediment session, twice

from pipes, a month,
and 8 months
connections per year
to GI areas.

107 parcel level 6,473 m2

roof disconnects
(20% adoption
rate for parcels
500’ from site)

TOTAL $166,706 1,680 $25,200

they are the sole provider and are working full-time)
in Camden is $12.09 (Glasmeier, 2017). Figure 8 shows
graphically how this concept would entrain local commu-
nity members in retrofitting the site so that it can pro-
vide the locally needed ecosystem services. Further de-
velopment of a workforce development program would

require a detailed market feasibility study as well as spe-
cific scaling to current O&M costs for optimized life cycle
cost reduction.

With the recognition that activities such as vacant lot
stabilization andworkforce development can occurwhile
managing stormwater, multifunctional GI investment on
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Community Members

Opera�on and maintenance of site
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Capacity Building / Green Jobs Expansion
Heat Island Reduc�on
CSO Reduc�on

Provide shading and vegetated areas

Revenue to site

Employment opportuni�es in nursery,
greenhouse, or as GI installers.
Workshop space for GI or other related trades.
Environmental educa�onal opportuni�es.

Produce trees and rain garden plants.
Provide GI installa�on services.

Manages stormwater
from adjacent ROW

Poten�al funding
mechanisms

Provide incen�ves for GI private
property installa�ons

Manages stormwater from private property
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Provide trees and rain
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disconnects to rain

barrels or rain gardens

Market – Goods and
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Regulatory Agency

Neighborhood Private
Proper�es

Figure 8. Vine and Willard vacant lots service flow diagram.

a site such as Vine and Willard can be conceived (and
financed) as a candidate for many different sources of
funding from its inception. In fact, the more multifunc-
tional GI systems become, the greater the number of po-
tential sources of funding for their construction and oper-
ation. Currently, CCMUA receives funding for GI develop-
ment at the federal level through the EPA’s Clean Water
State Revolving Fund and at the state level through the
New Jersey Environmental Infrastructure Trust. The tar-
get for these funds is the “Camden City Green and Gray
Infrastructure” project, which aims to construct a series
of green infrastructure and sewer improvement projects
that would manage approximately 30 million gallons of
stormwater annually.

However, these same federal and state entities also
provide funding for projects that address other envi-
ronmental and community-oriented goals. EPA’s “Urban
Waters and Brownfield” program, for example, funds
projects that address urban runoff pollution and various
brownfield remediation activities. Its “Environmental Ed-
ucation Grants”, along with National Oceanographic and
Atmospheric Administration’s “Environmental Literacy
Grants”, can also be utilized by educational institutions
to promote environmental awareness and stewardship.
The National Park Service offers grants to municipalities
to expand outdoor park space, like the “Outdoor Recre-
ation Legacy Partnership Program”. These open space
expansion and protection programs also exist at the

local level, such as the “Camden County Open Space,
Recreation, Farmland, and Historic Preservation Trust
Fund Referendum”.

4. Conclusions

The goal of this project was to develop a decision-
support framework for planning GI systems that maxi-
mize urban ecosystem services. Ecosystem service gaps
were evaluated and used to geographically prioritize dif-
ferent kinds of multifunctional GI. Conceptual designs
were developed for four site typologies: parks, schools,
vacant lots, and brownfield sites. An integrated long-
term vision was presented whereby multifunctional GI
systems, customized to the needs of different commu-
nities, manage stormwater while also creating new op-
portunities for urban engagement, mobilizing various
sources of funding, and contributing to an integrated
plan for urban revitalization. Such a strategy would lever-
age the regulatory requirement to manage stormwa-
ter to enable many other community improvements,
all through a decentralized network of green infrastruc-
ture assets.

As the City of Camden and CCMUA finalize develop-
ment of their respective LTCPs, a complementary plan-
ning effort that, through extensive stakeholder delibera-
tion, seeks to develop GI siting and design configurations
specially customized to this city’s unique physical, in-
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stitutional, demographic, and historic conditions, could
help to maximize the full spectrum of benefits achiev-
able through GI in Camden. The better GI systems are
tailored to local conditions, and the more ecosystem ser-
vices they are designed to provide, the more support
the program will have from the public, the more funding
sources they will become candidates for, and the more
spatial and institutional opportunities there will be for
integrating different kinds of GI facilities into the city’s
complex urban landscape.Withmorewidespread spatial
application, of course, comes greater stormwater cap-
ture, helping municipalities to more efficiently and cost-
effectively comply with federally mandated stormwater
capture and CSO-abatement goals.

If implemented with broad community participation,
the ecosystem services framework presented can help
to identify specific geographic opportunities, GI design
configurations, and partnership arrangements that can
couple flood control, green job growth, heat island mit-
igation, community engagement, and other ecosystem
service targets with stormwater management services.
Of course, implementation of this framework at the city
scale would require unprecedented levels of interagency
coordination, and community outreach and organizing,
neither of which are insignificant undertakings. In the
long term, the need to green the city for stormwater cap-
ture is seen as a vehicle for promoting a broad-ranging
discussion about all the ways urban spaces can serve res-
idents of the city, with the LTCP planning process trans-
formed fromaplan focused solely onwatermanagement
to a strategic initiative fostering urban revitalization in
Camden, and beyond.
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