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Abstract
The objective of this thesis is to develop a city-wide prioritization matrix resulting in
recommendations for green infrastructure (GI) focus areas in St. Louis, Missouri through use of
vacant properties. The prioritization matrix was created based on background research into three
categories: rationale for green infrastructure choices, incorporation of vacant land into
stormwater management planning and the role of partnerships. The matrix and recommendations
are further supported by a review of the GI focused plans of Philadelphia, Pennsylvania, Detroit,
Michigan, and Cleveland, Ohio. The prioritization matrix incorporates potential direct benefits
and indirect benefits of GI projects into four sections: stormwater management, existing
conditions, synergy opportunities and socio-economic factors. Indicators for each section were
analyzed using Geographic Information System (GIS) mapping. The results showed that a multilayer matrix allows community benefits to be incorporated in decision making with resulting
focus areas representing opportunities for different projects and scales.
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1. Introduction
1.1 Stormwater Management
As cities develop, their natural environment changes. Pervious and natural surfaces are
replaced with impervious materials and precipitation can no longer infiltrate into the ground
causing rainfall to flow across the surfaces as runoff. In older cities with combined wastewater
and stormwater sewer systems, this increased runoff is directed into the combined sewer system.
Many sewer systems do not have the adequate capacity for wastewater and stormwater runoff
generated during storm events. Climate change and increasing storm intensity exacerbates this
problem. When the systems reach capacity, the untreated water overflows into streets, basements
or outflow pipes directly into rivers and streams. These combined sewer overflows (CSOs) are
extremely harmful to ecosystems as raw-untreated sewage is released directly into the habitats.
Researchers have found a direct relationship between increased imperviousness and CSOs or
pollution of watersheds. In natural conditions with average soils less than 10% of rain is
converted to runoff, but with impervious surfaces in urban areas the percentage is much higher
(Stoner, 2006). Runoff transporting some pollutants from the surface to water bodies is natural,
but the rates and concentrations of pollutants have increased with urbanization (Ahiablame,
2012).
The Environmental Protection Agency (EPA) regulates these systems. The National
Pollutant Discharge Elimination System (NPDES) was created under the Clean Water Act in
1977. The NPDES permitting program regulates water pollution by targeting point source
discharges. Cities running combined sewer systems are required to obtain permits for outflow
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pipes and create long term control plans to lower the number of CSOs experienced each year.
The EPA does not dictate how cities must decrease CSOs, meaning cities have many options
from creating separate sewer systems for wastewater and stormwater to building green
infrastructure. Costs for building separate systems can be very high, so many cities chose a
combination of retrofitting existing systems and separating areas of the system.

1.2 Management Strategies
Grey infrastructure is a traditional engineering strategy for increasing the capacity of
sewer systems. Additional piping, water storage tanks and separating systems are examples of
grey infrastructure. The results of different grey infrastructures have been tested and modeled for
years, meaning the potential results can be predicted with more accuracy. The results of GI are
less predictable. Grey infrastructure, however, has high construction and implementation costs
without the additional benefits GI can provide.
The term green infrastructure (GI) can be broad and interpreted slightly differently. GI is
an approach to managing rain where it falls, limiting CSOs and runoff pollution at the source
(Stoner, 2006). GI is a natural, designed or engineered system that protects environmental quality
and public health through the use of soils and vegetation (Dunn, 2010). An expanded definition
presents GI as a way to mimic or recreate pre-development hydrology and conditions using
plants and soil. The EPA definition associates GI with the natural hydraulic processes of
infiltration, evapotranspiration and harvesting to reduce runoff quantity and rate of stormwater
flow. The EPA also highlights the ability to develop GI at different scales to manage different
size systems (EPA 1, 2014).
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1.3 Shrinking Cities
Shrinking cities are classified as cities that have been losing population overtime. The
Legacy Cities Partnership uses the definition of “older, industrial urban areas that have
experienced significant population and job loss, resulting in high residential vacancy and
diminished service capacity and resources.” As people move out of the city, the amount of vacant
land grows. The vacant land problem impacts property values, crime rates and tax revenue for
cities among others (Burkholder, 2012). However, cities are starting to think of ways to use the
vacant land in a positive way. Vacant land already controlled by the city government presents an
opportunity for use in conjunction with stormwater management. The advantage of shrinking
cities using land bank properties is not having to purchase expensive land for construction of GI.
This thesis will explore how cities with a high amount of vacant land can create
stormwater management plans with green infrastructure using the vacant land. Vacant land will
be classified as parcels owned by the city land bank and abandoned land. The thesis will examine
green infrastructure plans for stormwater management in conjunction with reducing CSOs in
legacy cities. Plans from Philadelphia, Pennsylvania, Detroit, Michigan, Cleveland, Ohio will be
examined with lessons learned applied to St. Louis, Missouri.

2. Methodology
To understand options for evaluating green infrastructure, I conducted a literature review
of evaluation models and cost-benefit analyses used for different situations. I identified strengths
and weaknesses of the models as well an inputs and outputs. I used the inputs and outputs from
the literature review to help develop my GIS model for prioritizing land in St. Louis for GI. The
GIS model is further explained below. In the literature review I also explored background for
Krane
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“greening” a water management plan. I used EPA guidelines and papers to understand and
describe how the EPA guides cities in CSO planning for GI.
To gain an understanding of elements of a green infrastructure plan, I conducted a review
of plans implemented in Philadelphia, Detroit, Cleveland and St. Louis. I chose to look at the
plans from Philadelphia, Detroit and Cleveland because they are examples of legacy cities with
similar problems to St. Louis (social, economic, infrastructure, vacant land, etc.). These three
cities also have combined sewer systems and published plans aiming at reducing CSO with GI.
Philadelphia, Detroit and Cleveland have all been highlighted by the EPA as implementing
innovative and successful strategies for combating stormwater and vacant land issues together. I
reviewed the plans for how the city prioritizes GI projects and locations, incorporation of vacant
land, example project partnerships and key lessons learned. I compared and contrasted the results
of the case studies to produce overall lessons learned. I looked for how elements of the
Philadelphia, Detroit and Cleveland plans can be used to prioritize focus areas for GI in St.
Louis.
I developed a cell-based GIS model for prioritizing land in St. Louis for GI. A cell-based
GIS analysis creates a grid for the area of interest, in this case the city of St. Louis. Each factor
or criteria used in the analysis is shown on a separate layer or grid. Each cell or square of the grid
is assigned a value depending on the criteria for that layer. I formulated a preliminary model that
I strengthened using lessons learned from the literature review as well as the case studies. The
preliminary model inputs were elevation and soil type data. From this data I used ArcHydro and
Spatial Analyst tools in ArcGIS to create flow accumulation, flow direction, flow entering and
soil type raster maps. I then rated each cell of the raster, or grid, giving a higher score to cells
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with high flow accumulation, low flow loss, low elevation and permeable soil type. I added the
scores together and assigned the total score to city parcels based on the location of the cells on
the grid. The parcels with high scores represent parcels that would be good choices for GI
placement. Parcels can then be selected based on other potential uses. The scoring map could be
used to find parcels for potential GI that could also be used as a park or find parcels with high
scores that are a certain size or land use.

3. Background

3.1 The EPA and GI
The EPA requires sewer districts to complete Long Term Control Plans (LTCP) for
reducing CSOs. Districts can meet the requirements using different types of controls categorized
as Operation and Maintenance Practices, Collection System Controls, Storage Facilities, and
Treatment Technologies (EPA 1, 2014). GI can achieve the same results as grey infrastructure in
different ways, while still fitting into EPA control categories. GI techniques include
disconnection, rain harvesting, rain gardens, green roofs, infiltration trenches, street planters, and
porous pavement and other technologies. Since regulations for Long Term Control Plans require
districts to show and quantify how their plans will meet specific goals, it is important to have a
defendable system for selection GI projects.
The EPA stresses the use of a monitoring system to quantify the results of GI in CSO
reduction. The information can be used to inform future projects and decisions as well as provide
information to districts when applying for credits for LTCPs. When including GI in LTCPs, the
EPA requires a minimum analysis to show community and political support and the realistic
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potential of projects (EPA 1, 2014). Implementation of GI also depends on physical, regulatory,
and financial factors. GI methods appear visually different from traditional methods and
community buy-in and understanding of the projects is important for their long term success. The
EPA requires projects to be realistic based on land availability, topography, municipal codes,
ability to enact and enforce, and funding (EPA 1, 2014).

3.2 GI Modeling
In addition to the EPA guidelines, research shows that modeling or simulating GI impacts
on watersheds is important to understanding the systems and informing future decisions.
Predictable impacts and costs means more governments are likely to implement and approve GI
projects because of the decreased uncertainty (Dunn, 2010). Models help change the framework
and strengthen the argument for GI. Having simulation data to support decisions helps
municipalities apply for and receive funding (Dunn, 2010). By using generalized models to
inform decisions, municipalities can make more informed decisions without spending the time
and money needed to do in depth modeling during the beginning stages of planning (Ahiablame,
2012).

3.3 Direct Costs
One way to compare GI stormwater management and grey infrastructure water
management is by monetarily quantifying the benefits of each using a cost benefit analysis. The
EPA accepts GI being a cost-effective option when comparing long-term costs of GI and
traditional grey infrastructure (Montalto, 2007). However, short term costs can appear higher
due to economies of scale and competition. There are not as many companies for the
Krane
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construction and implementation technologies for GI as there are for grey infrastructure. With
less competitors, prices remain higher.
Cost distribution is also a challenge with some cost comparison models. Many cost
assessments show local government and public amenities benefiting most from GI in the long
run. However, the majority of local GI projects are implemented on private property and paid for
by property owners (Montalto, 2007). Using cost sharing models to separate costs (spending and
saving) for government and private investment is one way to explicitly quantify the benefits for
each.

3.4 Cost-Benefit Analysis
Direct-cost comparison between strategies is the most widely understood and defendable
analysis (Jaffe, 2010). Direct-cost comparison involves easily quantifiable factors, such as
material costs. Indirect benefits and efficiency analysis of stormwater systems add complexity to
the analysis, which can make the results less clear. For this reason, some people in the field
advocate keeping indirect costs and benefits out of the decision process. However, the indirect
benefits represent important aspects of projects. Indirect benefits examples include decrease in
air or water pollution, reduction of crime rates and increased access to green space. Indirect
benefits are further explored in section 4.7 Additional Watershed Benefits.
For stormwater management, strategies should be evaluated based on models that
combine cost and effectiveness at mitigating pollution (Stoner, 2006). Mitigation is expensive
using either strategy, GI or grey infrastructure, so the emphasis should be placed on efficiency of
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pollution reduction. Comprehensive planning leads to the most successful implementation
strategy (Stoner, 2006).
Most simulation models utilize some combination of cost-benefit analysis. Benefits can
be framed differently depending on the problems and needs of the watershed or site being
evaluated. Some models focus on infrastructures’ ability to decrease water runoff quantity,
increase water runoff quality or the additional watershed benefits.
In the EPA “Greening CSO Plans” guidebook, it is suggested that GI can help to lower
the cost of larger grey infrastructure projects. Operating and maintenance costs tend to be lower
than sewer plants because of the more passive nature of the systems. However, the EPA does
suggest the use of a cost benefit analysis to find the most efficient GI projects and help support
funding allocation decisions (EPA 1, 2014).

3.5 Stormwater Runoff Quantity
Evaluating different infrastructures’ potential to decrease the volume of stormwater
runoff can be important in many watersheds, but is especially important in watersheds with CSO
problems. Decreasing water volume keeps combined sewer systems (CSS) from becoming
inundated during storm events. The EPA stresses maximizing the capacity of existing sewer
systems as a good strategy for decreasing CSOs and resulting pollution (EPA 2, 2004). This goal
can be achieved through GI or grey infrastructure. The traditional approach is to increase storage
capacity of the existing system through storage tanks, tunnels or additional piping (Montalto,
2007). With the traditional approach, it is easy to quantify and predict the results to support
decisions in a LTCP. For EPA approval, plans with GI still need to show estimated results.
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Categorizing sewer sheds based on soil type, land use and topography can help municipalities
and sewer districts target areas better suited for infiltration (EPA 1, 2014).

3.6 Stormwater Runoff Quality
Monitoring volume runoff reduction and peak runoff rates can also support stormwater
quality comparisons. The International Stormwater Best Management Practices Database ranks
GI by amount of runoff treated, volume of runoff reductions, comparing effluent quality and
influent quality, distribution of effluent quality and reduction in peak runoff rates. An analysis of
the Database showed that volume reductions could give further insight to pollution
concentrations in runoff. Concentration of pollution is important to analyze due to federal
regulations for pollution of water bodies through the Clean Water Act. The EPA requires
municipalities and states to report impaired water bodies including reasons for impairment and
total maximum daily loads for the pollutants. Municipalities and states also have to create plans
for reducing CSOs and pollution from Separated Sewer Systems (SSS) under MS4.
Comparing infrastructure using percent removal rates can be influenced by outliers and
potentially misleading. Having a high percent removal does not always mean the output pollution
concentrations meet EPA standards. If a watershed has high pollution rates to start, a high percent
removal could mean the outflow water still contains a high pollution concentration. In this sense,
more “dirty” watersheds could be ranked higher in analysis comparisons.
Cost analysis can also be used to support water quality evaluations. Chang presents a
model for determining standards for GI placement and combinations. Efficiency of pollutant
removal can vary by location. Chang uses inputs of environmental standards, technology and
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economic management to create a comprehensive model. The main emphasis is still on pollutant
removal, but costs help determine marginal rates of return. The optimal number of GI projects
and locations are chosen based on when rates of return on investment become negligible (Chang,
2009).

3.7 Additional Watershed Benefits
Some models evaluate different infrastructure techniques using the elements in previous
sections and also provide further analysis by looking at additional ecosystem benefits. Some
research refers to additional benefits as indirect benefits. Indirect benefits are important to keep
in mind when developing policy and prioritizing government spending. It can sometimes be hard
to quantify many indirect benefits to habitat and environment in a way that is generally accepted
and easily defendable, therefore weaken the argument for GI. For example, indirect benefits can
unequally affect different generations. While it is possible to do a cost analysis incorporating
time as an input, some indirect benefits from GI are not seen for generations. Most people value
the future less than the present. In economics it is common practice to discount the future in
order to make more accurate comparisons between future benefits and current benefits. It is hard
to determine where to cut off indirect benefits as no longer applicable to the present-day
decisions.
Montalto feels that additional benefits should not be the focus of comparisons or
evaluations, but can add support to policies. Creating green collar jobs and implementation of GI
in neighborhoods of poverty is seen as a possible economic stimulant (Dunn, 2010). GI can
indirectly address burdens of the poor such as air and water pollution, stagnant water, decreased
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quality of drinking water, decreasing groundwater tables, food security, etc. (Dunn, 2010). This
concept is also important to keep in mind due to large amounts of federal funding available for
“green projects” and creation of green jobs.
While the EPA stresses the importance of being able to quantify benefits of GI, it also
stresses the value of the additional benefits. Looking at community benefits is one way to help
narrow down target areas for GI. Additional benefits are also integral to determine and build the
political and community support for projects. As mentioned earlier, identifying project support is
part of the process for including GI in Long Term Control Plans (EPA 1, 2014). Benefits such as
reducing the heat island effect, increasing air quality, creating green jobs or providing
community gathering space are often more easily understood by residents than the quantified
water quality data revealed through scientific modeling.

3.8 The EPA and Vacant Land
Many of the communities outlined in EPA case studies are not implementing vacant land
programs solely for the stormwater benefits. The EPA published a case study highlighting vacant
lot programs in 11 cities: Baltimore, MD; Buffalo, NY; Cincinnati, OH; Cleveland, OH; Detroit,
MI; Flint, MI; Grand Rapids, MI; Indianapolis, IN; Philadelphia, PA; Warren, OH; and
Youngstown, OH. The case study described how programs approach the construction process,
stormwater management, lot maintenance, job training and funding. The practice of greening
vacant lots in general has direct and indirect impacts on stormwater management (EPA 3, 2015).
Many cities mentioned just cleaning and planting the lot made for better water management
practices.
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The EPA has also hosted two webinars as part of their Green Infrastructure Webcast
Series. One was titled “Greening Vacant Lots: A Community Revitalization Strategy” and the
other “Greening Vacant Lots.” The first webinar featured a representative from the EPA Region 5
(Grosshans, 2015), Pennsylvania Horticultural Society (Grossmann, 2015), Trumbull
Neighborhood Partnership in Ohio (Martin, 2015) and Greening of Detroit (Hay, 2015). The
second webinar featured the Growing Green Initiative Coordinator in Baltimore, MD
(Guillaume, 2015), Buffalo Sewer Authority (Barrett, 2015) and the Cleveland Botanical Garden
(Albro, 2015). Slides and resources from the webinars are available on the EPA website1 .

3.9 Vacant Land and Stormwater Management
Many additional benefits identified as being difficult to quantify have a direct
relationship with vacant land. This represents an opportunity for cities to develop projects that
will alleviate stormwater issues and stabilize neighborhoods through developing vacant land.
Development of vacant land does not only mean new construction or private projects.
Abandoned parcels give municipalities and sewer districts access to land, which is often a
challenge when developing stormwater projects (Guillaume, 2015). The stormwater management
permit plan in Baltimore, Maryland includes a program with the City Department of Public
Works using vacant land to restore the amount of pervious surface in the city (Guillaume, 2015).
The Sewer Authority in Buffalo, New York is using vacant building demolitions to gain Long
Term Control Plan credits (Barrett, 2015).

1

https://www.epa.gov/green-infrastructure/greening-vacant-lots
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A key theme in lessons learned from the EPA case studies is the importance of
community engagement. Building local buy-in is also a theme in two different EPA sponsored
webinars on vacant lot practices (Grosshans, 2015 and Guillaume, 2015). Wth vacant land
projects, residents are directly exposed to the results and changes. Residents can see the benefits
of cleaning lots and planting through lower crime rates, property stabilization, and place-making
opportunities (EPA 3, 2015). Lot cleaning consists of removing trash and debris. Identifying the
additional benefits for the community to understand helps increase participation in projects and
leads to more success. For example, the case studies showed that if a rain garden was planted in a
neighborhood without public participation, the garden was often not maintained or cared for
properly and therefore did not function to harvest stormwater (EPA 3, 2015). In Flint, Michigan,
blight removal programs run through the Genesee County Land Bank rely on community
engagement to build trust between residents and program directors or managers. While the
projects are focused on blight removal not specifically stormwater management, the benefits of
strong community engagement practices can be transferred. The Genesee County Land Bank
found that more open and direct lines of communication aid in problem solving (EPA 3, 2015).
Community engagement also paves the way for partnerships, which can help with
funding and maintenance issues. Partnerships with neighborhood organizations can help the
institutions choose where to implement different projects. For example, the local organizations
will often understand if there are informal uses for a lot such as a recreational field for children.
In that case, the lot would not be a good candidate for a bioretention pit, but might work well for
a playground with porous pavement. Understanding the community issues and vision allows
projects to develop multiple benefits (EPA 3, 2015). The Keep Indianapolis Beautiful
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organization in Indianapolis, Indiana uses youth engagement and job training initiatives to
increase local participation and give residents a more hands-on role in projects. This allows
decisions to be oriented to the specific needs of a community and for control and maintenance
responsibilities to eventually be turned over to the neighborhoods (EPA 3, 2015).
The use of pilot projects allows programs to start on a small scale and work out potential
issues and challenges before implementing the plan elsewhere. Cities that implemented pilot
projects found they were able to be more efficient with their timeline and budget (EPA 3, 2015).
There is not a “one size fits all” solution for vacant lots or stormwater management. Pilot
projects allow organizations to determine best uses for different situations. Small scale projects
also allow for streamlining of resources such as training contractors for specific installation
practices or understanding how labor can be used more efficiently. Using the results of pilot
projects, cities can outline plans for larger areas and longer timeframes of implementation (EPA
3, 2015).
Vacant land projects can evolve based on goals outlined in stormwater management plans
(Grosshans, 2015). Starting with stormwater and pervious surface goals can impact the scale of
vacant land projects. If stormwater goals are focused on runoff volume reduction, then large
scale projects are favorable, meaning areas with large section of vacant land or contiguous
parcels should be the focus. If decreasing impervious surface in dense areas is the goal, more
opportunities likely lie in isolated vacant parcels because it may be harder to obtain or find
contiguous vacant parcels. Combining stormwater management and vacant land also creates a
political platform. It is easier to gain political support for programs that aim to tackle multiple
issues within a city (Grossmann, 2015 and Guillaume 2015). In Baltimore, Maryland the
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Mayor’s Growing Green Initiative, targeting blight reduction and vacancy issues, created the
opportunity for multiple overlapping partnerships between the City Office of Sustainability and
other agencies or organizations such as the Chesapeake Bay Trust, Baltimore Waterfront
Partnership and the Department of Housing and Community Development (BOS, 2016).

3.10 Making Decisions
The EPA guides municipalities and sewer districts to make GI project decisions based on
a combination of the criteria previously discussed. Starting by identifying areas that stand to gain
the most from GI projects is helpful. To do this potential benefits, both quantifiable and not,
should be assessed. The EPA “Greening CSO Plans” guidebook outlines eight factors to consider
for GI implementation: soil type, land use and ownership, local buy-in, topography, financing
and institutional factors, redevelopment rates, project types, and partnership opportunities. Once
project locations are narrowed down, more detailed modeling to determine quantified impacts
can be completed.
TABLE 1: GI FACTORS

Factor
Soil type
Land use and ownership
Local buy-in
Topography
Financing and institutional factors
Redevelopment rate
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Indicator
infiltration rates, cost to amend soil, vegetation
supported
land availability, how projects fit with future
development patters
neighborhood understanding of project
functions, support for long term success
ability to hold and collect water, recommended
slope of <5%
any project barriers, budget for project
implementation and maintenance, incentives for
private or public projects
working GI into future projects and onsite
development
15

Factor
Private property projects
Partnership opportunities

Indicator
hard to include in LTCP because
implementation and maintenance out of district
control
public and public (departments and agencies),
public and private, non-profits and
neighborhood groups

INFORMATION SOURCE: EPA 1, 2014

3.11 Conclusion
Research revealed important aspects of decision making for GI projects in CSO areas.
Cost comparison aids in decision making for specific projects. In order to meet EPA
requirements, cities will likely have to use a combination of grey and green infrastructure.
Creating a prioritization matrix allows cities to narrow down areas of focus for GI projects, while
also maximizing potential additional benefits of projects. Community engagement in the decision
making process is a large part of successful programs. Starting with opportunities to combine
long term control goals and neighborhood stabilization goals creates a platform to increase
resources and funding by developing partnerships among multiple public, non-profit and private
agencies.
Based on these conclusions, plans from Philadelphia, Detroit and Cleveland were
evaluated. Stormwater management plans from each city were reviewed for how additional
benefit indicators were incorporated in project location decisions and how partnerships may have
facilitated the combination of stormwater goals and other community goals. The evaluation of
each city is broken down into three sections: rationale for GI choices, incorporation of vacant
land and partnership examples.
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4. Philadephia, PA
4.1 Background
The updated Long Term Control Plan, authored by the Philadelphia Water Department
(PWD), was signed by the Commonwealth of Pennsylvania on June 1, 2011. The goal of the
Green City, Clean Waters program is to reduce impervious cover by one-third, collecting 85% of
runoff during precipitation events (PWD 1, 2011). Program success is measured by the number
of greened acres. A greened acre is one acre of impervious surface which has at least the first
inch of runoff produced during a storm event managed by GI. To achieve the plan goal, PWD has
committed $2.4 billion in the next 25 years with $1.65 billion of the total investment dedicated to
GI, $345 million dedicated to increasing the capacity of existing stormwater facilities and the
remaining $420 million for either strategy depending on the efficiency results of both GI and
grey infrastructure projects.
The large proportion of funding dedicated to GI is supported by the results of a
stakeholder led watershed management planning process. Public feedback showed a clear
interest in and preference for GI treatments. A cost-effective comparison revealed a plan with GI
and some supplemental grey infrastructure improvements would maximize investment and
public benefits. This case study analyzed the “Green City, Clean Waters: Program Summary” and
“Implementation and Adaptive Management Plan” for rationale of GI choices, how the plans
address vacant land and the partnership between the City of Philadelphia and the Pennsylvania
Horticultural Society (PHS).
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4.2 Rationale for GI Choices
The goal of GI outlined in the plan is to manage the first inch of rainfall generated by
surrounding impervious surfaces. The plan justifies the use of GI to meet stormwater goals as a
cost saving measure as well as because of the potential additional community benefits of GI. A
triple bottom line was used to evaluate the GI plan:1. economic benefits; 2. social benefits; and
3. environmental benefits.
TABLE 2: TRIPLE BOTTOM LINE

Category
Economic

Social
Environmental

Benefits
cost saving
reduction of social costs of poverty
green-collar jobs
enhancement of recreation
reduction of urban heat island effects
increased quality of community life
air quality
energy use reduction and climate change
offsets
• restoration of natural ecosystems
•
•
•
•
•
•
•
•

SOURCE: PWD 1, 2011

The GI tools in the plan use soil, water and plant systems to infiltrate, evaporate or store
stormwater runoff. Infiltration of runoff leads to restoration of base-flow to urban streams.
Restoration of stream habitats and the riverfront is also tied to improving public spaces. The plan
describes nine potential GI tools: green roofs, downspout planters, rain barrels, stormwater tree
trenches, street/sidewalk bump-outs, pervious pavement, stormwater planters, rain gardens and
stormwater wetlands. The plan also outlines eight land use initiatives. Some GI tools are more
appropriate for certain initiatives than others. The reasoning for using GI in each initiative helps
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determine which tools may be favorable. The GI tools listed for each initiative in Table 3 (below)
are not the only options, but represent possibilities.
TABLE 3: LAND USE INITIATIVES

Initiative
Green Schools

•
•

Green Streets

•

Green Public Facilities

•
•

Green Parking

•
•

Green Public Open
Space

•

Green Industry/
Business/Commerce/
Institutions

•
•

Green Homes

•
•

Green Alleys/Driveways/ •
Walkways
•

Reasoning for GI
opportunity for education projects,
displays and training sites
not large portion of impervious
cover, but visible
largest category of impervious
cover (38%)
natural funneling of stormwater
opportunity to establish program
credibility and demonstrate
effectiveness
large visual impact on city
expect parcel owners with large
parking lots will be impacted by
Parcel Based Stormwater Billing
Initiative fee
opportunity to collect runoff from
surrounding impervious surface on
large scale
mostly privately owned parcels,
meaning PWD will serve a
supportive role
represents 16% of impervious
cover
private owners largely impacted by
public education and outreach
initiatives
represents 20% of impervious
cover
opportunity for material
replacement
natural funneling of stormwater

GI Tools
•
•
•
•
•
•
•
•

green roof
rain barrel
downspout planter
pervious paving
rain garden
stormwater tree trench
bump-out
stormwater planter

• green roof
• pervious paving
• downspout planter
•
•
•
•

stormwater tree trench
pervious paving
bump-out
stormwater planter

• rain garden
• stormwater wetland
•
•
•
•
•

green roof
rain barrel
downspout planter
pervious paving
rain garden

• rain barrel
• downspout planter
• rain garden

• stormwater tree trench
• pervious paving
• stormwater planter

SOURCE: PWD 1, 2011
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To evaluate the impacts of GI, projects will be assessed based on the increase in greened
acres. Every five years the progress of Green City, Clean Waters will be evaluated and projects
will be altered as necessary. Philadelphia Water Department will use GIS to track and plan GI
projects. Project location, GI type, greened acres, storage volume, impervious area managed and
number of new trees will be recorded for comparison and evaluation. From January 2006
through May 2011, PWD implemented 23 GI pilot projects. During the Proof of Concept Phase,
the pilot projects were tested and evaluated to determine optimal design and program
development strategies. Evaluation looked at a project’s ability to meet performance
requirements, ease of implementation, efficiency of system, effectiveness of materials and ease
of maintenance. The feasibility of projects was based on location, physical settings, systems
proposed, policies and partnerships, implementation strategies and material and technology. The
Implementation and Adaptive Management Plan outlines a preference for city owned properties,
streets and right of ways, which make up over 45% of the city’s impervious cover. The pilot
study results showed projects on land already owned by the city were most cost efficient and
streamlined resources.
The Implementation and Adaptive Management Plan describes the criteria for
Stormwater Management Enhancement Districts, which are areas prioritized for project
coordination and GI systems (PWD 2, 2011). A Stormwater Improvement Plan, meant to help
streamline GI in target areas, is completed for each Enhancement District outlining project
systems and implementation strategies.
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TABLE 4: STORMWATER MANAGEMENT ENHANCEMENT DISTRICT CRITERIA

Factor
Feasibility/cost-benefit of GI
Visibility/community gateways
Stakeholder interest/partnership
opportunities
Community needs and benefit
distribution
Planned investments
Parcel Based Stormwater Billing
Initiative
Interacency collaboration and
synergies

Indicator
impervious cover, topography/surface drainage
and land use
areas to display early success
goals from existing community master plans,
neighborhood associations
how public investment would positively impact
community, underserved areas
other planned projects, areas with high
development rates
concentration of parcels impacted by initiative
areas targeted by multiple government
initiatives/projects

INFORMATION SOURCE: PWD 2, 2011

4.3 Vacant Land and GI
The Vacant Land Initiative for the Green City, Clean Waters program is outlined in the
Implementation and Adaptive Management Plan. The initiative looks for public and private
partnerships to stabilize neighborhoods by cleaning vacant lots with permanent or temporary
measures. Cleaning vacant lots refers to making them better able to manage water by removing
debris and adjusting land cover. There are 40,000 vacant parcels in the city of Philadelphia,
which have negative impacts on the neighborhoods (PWD 1, 2011). The goal of the Vacant Land
Initiative is to manage runoff on site and from surrounding streets and sidewalks. A GIS analysis,
model analysis and site visit is used to locate potential lots. When these analyses were completed
during the pilot phase, 72 sites were located with a potential for 68.2 greened acres.
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TABLE 5: VACANT LOT PRIORITIZATION

Factor

Description

Future development

• if scheduled, lot is removed from list

Site condition

• no hazardous or severe dumping, no potential
soil contamination
• preferred topography for GI
• distribution and number of mature trees
(desire low number)
• area draining to lot
• proximity to existing stormwater inlet

Existing vegetation
Stormwater management
SOURCE: PWD 2, 2011

4.4 The City of Philadelphia and Pennsylvania Horticultural Society
The City of Philadelphia entered into a contract with the Pennsylvania Horticultural
Society (PHS) to manage the Philadelphia LandCare Program. The LandCare Program is a
“clean and green” program for vacant lots. PHS partners with the City of Philadelphia and local
land banks to gain access to vacant lots. Neighborhoods with high vacancy rates are targeted to
maximize social and economic benefits to the community after sites are cleaned. Cleaning vacant
lots includes removing trash or dumping and securing any existing structures. The immediate
impact is to improve the first impression of vacant lots so as not to appear abandoned or
neglected. Most of the PHS projects are seen as interim land treatments meant to make lots more
presentable for future sale and development. The LandCare Program is a city-wide initiative with
a year of site maintenance funding included. PHS hires some maintenance contractors, but also
hires local residents and neighborhood associations for cleaning and maintenance (Grossmann,
2015).
Results of Pennsylvania Horticultural Society projects have shown high economic and
social benefits. As of December 2015, 2,100 vacant lots were part of the LandCare Program,
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equivalent to 2,863,727 square feet. The LandCare Program is able to provide 90 jobs for local
residents each growing season. PHS found that prior to “clean and green” treatments, dwellings
within a quarter-mile of vacant property had a 16% lower value than comparable houses not near
vacant lots. After treatment, surrounding house values increased by almost 20% on average
(PHS, 2016). LandCare parcels are also able to intercept 2,000,000 gallons of stormwater per
year (Grossmann, 2015).
The Pennsylvania Horticultural Society stressed in its review that even though the city
does not own all of the vacant properties, it still owns the associated problems of blight.
Coordinating city demolition projects with LandCare Program is important to maximizing
resources and funding. By coordinating demolitions with greening projects, PHS was able to use
machinery already on site for demolition to prepare and grade lots for the next project phase.
When demolition and lot greening projects were not coordinated, project funding had to go
toward rent and use of large machinery.
Community engagement increases the success and benefits of vacant lot projects. PHS
felt having community members participate in the cleaning and maintenance helped built a sense
of ownership and pride leading to a higher level of use and maintenance in the future (EPA 3,
2015). In some cases with community participation from the beginning, PHS was able to
eventually turn over responsibility and monitoring of projects to local community associations or
neighboring parcel owners. This allowed PHS to reallocate funding and focus to new sites or
other sites in need of more attention. Property maintenance, such as mowing grass, could be
contracted to landscaping companies, job training programs or community associations.
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4.5 Conclusion
Philadelphia Water Department’s Green City, Clean Waters plan was reviewed for
rationale for GI choices, incorporation of vacant land and the partnership with the Pennsylvania
Horticultural Society. The plan uses land use initiatives to outline opportunities and goals isn
areas based on existing development. This is helpful when determining potential project
locations and partnerships. In the Implementation and Adaptive Management Plan, PWD can
provide detailed criteria for projects due to the large number of pilot projects completed. The use
of GIS to track and map GI and impacts allowed PWD to see and stress the benefits of creating
GI systems and coordinating projects. This is a great example of the benefits of an extensive pilot
project plan and the ability to then continuously improve and support future project decisions.
The Vacant Land Initiative recognizes the opportunity to incorporate stormwater
management with community based projects for additional social benefits. The Initiative
highlights the opportunities for public/private partnerships to maximize project exposure and
positive impacts. The contract with Pennsylvania Horticultural Society allows PWD to maximize
investment by providing project funding and allocating coordination and project management to
a nonprofit. By contributing funding to PHS programs, the Philadelphia Water Department
money could potentially go further. Instead of having to use some of the money allocated for
increasing capacity within the water department to run and monitor projects, they money can go
toward an already established program with capacity to expand. PHS program evaluation and
impact studies also show the community benefits on home values and perception of safety. The
Green City, Clean Waters plan does a good job of incorporating social, economic and

Krane

24

environmental factors in decision making to maximize potential additional benefits for local
communities.

5. Detroit, MI
5.1 Background
On August 1, 2014, The Detroit Water and Sewerage Department (DWSD) published the
updated “Green Infrastructure Plan: Upper Rouge Tunnel Area”. The plan replaced the existing
Upper Rouge Tunnel plan from 2009 and outlines the alternative CSO control program including
GI. The plan aims for 2.8 million gallons of flow reduction with a total investment of $50 million
in GI from 2010 through 2029. The plan outlines spending an average of $3 million per year for
the first 10 years and average of $2 million per year for the second 10 years (DWSD, 2014).
The Upper Rouge Tunnel area includes three sewer districts operating under a combined
sewer system. The area is 37.5 square miles with over 100,000 individual parcels. Public and
vacant property makes up 29% of the Upper Rouge Tunnel area. GI projects and implementation
guidelines are driven by DWSD and the City of Detroit. The Upper Rouge Tunnel GI plan
outlines strategies and potential project guidelines. The plan explores opportunities for
developing partnerships to capitalize on resources in the area. The plan analysis looks at rationale
for GI choices, how vacant land is addressed and explores the partnership between DWSD and
the nonprofit, The Greening of Detroit.

5.2 Rationale for GI Choices
The goal of using GI in the plan area is to control peak flow of stormwater and total
volume of runoff that enters the combined sewer system. The plan puts an emphasis on
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determining the area managed to assess the type of GI implemented. The focus of smaller scale
GI projects is on-site reduction include downspout disconnection and rain barrels/rain harvesting.
Some projects can reduce on-site runoff or be used on a larger scale to collect water from
multiple sites, such as rain gardens, bioswales, tree planting, and demolition with replacement of
impervious surfaces. The plan outlines potential pilot projects which will be used to more
accurately evaluate different GI strategies.
Guidelines for opportunity identification and opportunity evaluation were outlined for
seven different GI practices: downspout disconnection, public facilities flow management, park
flow management, demolitions and removal of structures on vacant properties, tree planting,
transportation corridor flow management, and other GI implementation projects. The goal for
each section was to find opportunities to maximize the area of impervious cover treated.
Potential projects are evaluated for opportunities to combine with other community
initiatives or community enhancement projects being conducted. Future land use patterns were
considered to evaluate how GI would fit into development projects. The plan promoted
opportunities for GI projects to be used to lessen the density of development in areas with high
density land use types. Areas with large impervious surface were also targeted as impervious
surface is a significant source of runoff.
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TABLE 6: CHARACTERIZATION AND EVALUATION OF OPPORTUNITIES

Factor
Potential Impacts
Benefits

Technical Feasibility
Institutional Feasibility

Cost Effectiveness

Description
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

potential runoff retention
peak flow control
impact to public lands
impact on local drainage or flooding
educational and technology demonstrations
neighborhood stabilization (removal of
nuisance property)
green job creation
topography, soils, existing pipe placement
known/potential environmental hazards
land ownership
impact to public lands
public acceptance
coordination with other projects
implementation and maintenance costs
possible outside funding
drainage charge reduction

SOURCE: DWSD 2014

A database to track GI projects and impacts will be created. The database would be a
reference as future projects are composed. The location, ownership, financial investment,
performance and installation date of each GI project will be recorded. The database is especially
important for evaluation and comparison of prototype projects. Prototype projects will also be
used to assess potential partnerships for future projects. The CSO plan relies on Hydrologic &
Hydraulic modeling to show impacts of GI on peak flow and volume. The engineering model
will be recalibrated to measure and reflect prototype projects. Developing and maintaining a
database informs best practices for DWSD. The database will allow for more efficient
development of future projects as well as more accurate predictions of results.
The plan also outlines a targeted community outreach vision. The vision includes
multiple levels with increased detail of goals, but the first section outlines the general goals of
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the three outreach branches. DWDS aims to use outreach to promote the use of GI on private
property, support the design of specific public projects and increase public education and
relations.
TABLE 7: BRANCHES OF GI PUBLIC OUTREACH

Outreach Branch

Targets

1. Education of
stormwater drainage
charge

• ratepayers
• stakeholders

2. GI project specific
outreach

• project partners
• stakeholders

3. Overarching public
education campaign

• project partners
• stakeholders

Goals
• conversations about charge and
reduction opportunities
• raise awareness of GI
implementation discount
• motivate participation in GI
discount program
• identify high priority green projects
• share the purpose and benefits of
specific project
• education on implementation and
required maintenance
• adjust project details based on
stakeholder characteristics
• develop collaborative, cooperative
public relations campaign
• educational campaign relaying
positive impacts of GI

SOURCE: DWSD, 2014

5.3 Vacant Land and GI
The Upper Rouge Tunnel GI plan was evaluated specifically for incorporation of vacant
land. The plan separates vacant land opportunities into two categories: lots with existing
structures and lots without existing structures. The main strategy for lots with structures is
demolition and is outlined in the “Demolition and Removal of Structures on Vacant Land”
section of the plan. The focus of the “Lot Greening Opportunities” section is how lots with
structures can manage stormwater.
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Demolition and structure removal contracts are managed and implemented by the Detroit
Building Authority. As of 2014, there were around 78,000 abandoned and blighted residential
structures in the URT area. In May 2014, the City of Detroit dedicated $440.3 million to blight
removal over the next 8 years. This initiative connects with stormwater management targets
because structure removal is also removing impervious surfaces that create runoff. The Detroit
Water and Sewer District provides funding for demolition projects based on the inclusion of
runoff controls for post demolition plans. Criteria for project funding outlined in the plan
includes: removal of significant impervious surface cost effectively, projects not seeking funding
from other programs, demolition is occurring in a desirable location for GI and long term
stormwater reduction is ensured by either ownership or deed restrictions. A deed restriction
ensures the stormwater runoff created by future development will be controlled. It is important to
note the criteria that a project not be seeking demolition funding from other sources is different
from most other initiatives researched for this paper. DWSD is targeting demolition funding at
properties that may not otherwise be addressed. Most demolition funding already available in
Detroit is for residential properties, but DWSD sees opportunities to remove impervious surface
through demolition of empty commercial structures and paved parking lot surfaces. The goal
outlined in the plan is to increase the capacity for demolitions within the city and not compete
with other demolition funding sources. From 2013 to 2014, DWSD funded 98 demolitions (EPA
3, 2015).
Vacant lots without structures are addressed through lot greening opportunities. For
project placement decisions, lots are assessed for their ability to manage runoff from adjacent
impervious surfaces. The ability of a lot to influence runoff rates depends on soil type and
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vegetation. Based on the location of vacant property, different strategies for lot greening projects
are promoted. In areas with low to moderate vacancy rates, a side lot adoption program is
promoted. In this program adjacent property owners can purchase vacant property for a lower
price. This program is not as feasible in areas with high vacancy rates. Large scale greening
projects are promoted in areas with high vacancy rates. Multiple parcels can be assembled for
large scale GI. Publicly funded projects target areas with low numbers of residential structures,
large numbers of parcels already owned by public agencies and ideal topography for GI. With
large scale public projects, opportunities for synergy uses are highlighted. The plan mentions
opportunities to use land lining highways or other noise polluting areas with forested buffers.
The heavily planted land collects runoff from adjacent surfaces and also provides a carbon sink
for air pollution.

5.4 Detroit Water & Sewer District and The Greening of Detroit
Using vacant land for stormwater management created an opportunity for partnerships
with other agencies and nonprofits working on vacant land issues. The Long Term Control Plan
lists partnership opportunities by the sector of the potential partner including other government
agencies and departments, nonprofit organizations, foundations, educational institutions and
utility companies. The plan also outlines partnerships with the Michigan Land Bank and the
Detroit Land Bank to gain access to land already owned by public agencies. The nonprofit, The
Greening of Detroit, already has a working relationship with the Michigan Land Bank and the
Detroit Land Bank for urban agriculture and community garden projects. According to the
Greening of Detroit website, their mission is to “inspire sustainable growth of a healthy urban
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community through trees, green spaces, food, education, training and job opportunities” (GD,
2016).
Greening of Detroit has received DWSD funding for 10 vacant lot prototype projects on
Michigan Land Bank properties (DWSD, 2014). The EPA highlighted the projects and
partnership between Greening of Detroit and DWSD in a case study and webinar series. The
projects are evaluating greening strategies for planting vacant lots to hold stormwater runoff. The
Greening of Detroit focuses on lots zoned for residential uses without existing structures. Three
greening treatments are being tested including low-mow prairie treatment, wildflower treatment
and tree treatment. In addition to studying flow reductions, Greening of Detroit is participating in
a research study of four different types of trees for their ability to remove toxins from soils. The
study predicts it could take 8 to 10 years to remove toxins (EPA 3, 2015). Through contracts with
DWSD, The Greening of Detroit planted 5,324 trees from Spring 2011 to Fall 2013 (DWSD,
2014).
The Greening of Detroit uses an extensive four stage community engagement process to
develop vacant lot projects. Greening of Detroit highlights the community engagement process
as critical to the long term success of projects. Working with the funders and community
members from the start is important to managing expectations as well as explaining project
options (EPA 3, 2015). The Greening of Detroit hosts community meetings in regard to specific
projects, but also hosts workshops of varying topics surrounding vacant land including land
acquisition, tree planting, job training and planting community gardens (GD, 2016). Between
November 2012 and June 2013, The Greening of Detroit hosted 44 workshops through contracts
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with DWSD for downspout disconnection education the voucher program. The workshops
resulted in the participation of 177 households and purchase of 127 rain-barrels (DWSD, 2014).
TABLE 8: FOUR-STAGE COMMUNITY MEETING PROCESS

Stage
1) Project Introduction
2) Treatment Education
3) Community Impact
4) Additional Services

Description
• information about project goals, timeline and details
for community of project location
• introduction to project managers and partners
• educational sessions about specific GI being
proposed and any choices available
• educational session outlining potential project
benefits and role/opportunities for residents
• information about project implementation and
continued maintenance

SOURCE: DWSD, 2014
TABLE 9: FOUR-STAGE ADJACENT OWNERS MEETING PROCESS

Stage
1) Project Introduction
2) Treatment Education
3) Construction Process

4) Steward Duties

Description
• information about project goals, timeline and details
for community of project location
• introduction to project managers and partners
• educational sessions about specific GI being
proposed and any choices available
• educational session for adjacent neighbors about the
construction process and possible disruptions
• time for neighbors to raise concerns and questions
about the possible construction impacts
• education session on the potential role of adjacent
property owners in maintenance of project

SOURCE: DWSD, 2014

Treatments are chosen for each project based on community preference surveys
completed after options are explained. Greening of Detroit found the use of images and
renderings is helpful when explaining options and treatments to community members (Hay,
2015). Residents, especially adjacent property owners, were mostly concerned with aesthetics
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and tended to prefer high design treatments. Conversations with residents insure that outcomes
are aligned with community goals and expectations (Hay, 2015).

5.5 Conclusion
The Upper Rouge Tunnel GI plan was evaluated for rationale for GI choices,
incorporation of vacant land and the partnership with the Greening of Detroit. The plan identified
evaluation of potential treatment areas as the first step to determining GI projects. Ultimately, the
GI chosen should be scaled to maximize impervious area treated in the most cost effective way.
The plan does a good job of highlighting partnerships and projects targeting multiple initiatives
as a way to be cost effective. The plan also identifies a funding gap for non-residential structure
demolition that DWSD aims to fill with its demolition funding program.
Vacant land represents common ground for many government agencies and nonprofits.
Vacant land can be used for GI projects collecting runoff from the site as well as surrounding
impervious surfaces. The plan uses existing vacancy patterns and density to inform decision on
project scale and location. The plan also does a good job of outlining potential partnerships to
develop in the future. The partnership with Greening of Detroit is an example of combining the
opportunity for GI and creating permanent green space. The use of the partnership to complete
prototype projects represents efficient use of funding and resources because the nonprofit does
not have to spend money to obtain land for projects and the city or land-bank can lessen the load
of properties to maintain. The prototype projects will be used to create a database of GI that will
inform future projects and decisions.
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Both the Greening of Detroit and DWSD highlight the importance and power of
community engagement through their outreach strategies. This plan has the most extensive
sections for potential partnerships and community engagement of the case study cities. The
“Green Infrastructure Plan: Upper Rouge Tunnel Area” does a good job balancing potential
social and economic benefits when developing stormwater management projects.

6. Cleveland, OH
6.1 Background
On April 23, 2012, the Northeast Ohio Regional Sewer District (NEORSD) published the
“Green Infrastructure Plan” identifying the process for locating, designing and evaluating GI
projects. In the Consent Decree, NEORSD agreed to control an additional 44 million gallons of
runoff using GI measures and spend at least $42 million on GI in the following 25 years
(NEORSD, 2012). The NEORSD controls 80 square miles of combined sewer system area
mostly within the Cleveland City limits with some area in the surrounding suburbs. The
following case study looks at how NEORSD rationalizes GI decisions, how the plan incorporates
the use of vacant land and the partnership with Cleveland Botanical Gardens (CBG).

6.2 Rationale for GI Choices
The Northeast Ohio Regional Sewer District outlines a scoring system used to create GI
Priority Areas. The system does not aim to determine specific GI controls or projects, but does
narrow down areas of focus for project proposals. GI Priority Areas are subcatchments with a
score above 14.5 on the GI Index. The GI Index is made up of two components, the Baseline
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Index and the 44 million gallon Targeted Index. The two GI Index components are scored
separately for a total potential score of 10 points in each.
The Baseline Index variables were evaluated and scored using GIS databases. The
Baseline Index assesses the conditions of a subcatchment that would impact or influence the
performance of GI. This component of the total index helps to narrow down areas based on
existing conditions for GI in general, not potential performance of specific projects.
TABLE 10: BASELINE INDEX COMPONENT

Variable (score)

Indicator

Available land (0-1.5)

landbank parcels

Development opportunities (0-1)
Greenways (0-1)

planned projects (private or public),
community initiatives, strategic plans
existing open space

Imperviousness (0-2)

location/size of pavement and roofs

Parks > 3 acres (0-1.5)

location/size of parks

Partnership opportunities (0-2)

large private property parcels, campuses of
hospitals and universities
soil characteristics/ratings

Soil drainage (0-1)

Environmental justice (considered, not scored) race, poverty levels
SOURCE: NEORSD, 2012

The 44 million gallon Targeted Index component scores subcatchments based on the
potential to contribute to the Consent Decree target. After adjusting CSO volume to account for
grey infrastructure improvements, the remaining target volume is predicted. Then, the potential
of GI in each area is assessed based on the two largest storm events of a typical year. Targeted
Index scores are based on engineering models and predicted volume reductions needed in each
subcatchment area to meet overall targets. Each subcatchment can earn a score of up to 10
points, which is added to the Baseline Index score to get the GI Index total score.
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Once GI Priority Areas are located based on the total GI Index score, the NEORSD uses
an additional phase of scoring to assess specific GI projects. Probable CSO reduction, estimated
cost, size and runoff capture potential of projects is determined. The scoring index is looks at
Performance Criteria and Feasibility Criteria (See Table 11: GI Project Prioritization). In their
plan, the Northeast Ohio Regional Sewer District outlines potential GI project types. The
appendix gives the GI type, function, description and maintenance considerations for projects
including dry basins, wet basins, constructed wetlands, irrigation ponds (harvesting), infiltration
basins, bioretention swales, green streets, pervious pavement, vacant lot repurposing, green
roofs, impervious surface removal, open swales, storm sewers and overland flow. The plan
places an emphasis on GI projects with elements of infiltration. NEORSD feels infiltration
projects would be most helpful to CSO reduction because they remove runoff from the sewer
system and allow for base-flow to restore natural waterbodies.
TABLE 11: GI PROJECT PRIORITIZATION

Performance Factor (score)

Indicator

Cost-benefit (1-3, 25% weight)

project cost per CSO gallons removed

CSO reduction magnitude (1-3, 25% weight)

volume of runoff handled by GI

Feasibility Factor (score)

Indicator

Land requirements (1-3, 50% weight)

available vacant/landbank property,
available property for purchase
Partnership opportunity (1-3, 50% weight)
community development corporations,
financial partners, private developers
Public acceptance of project (1-3, 50% weight) potential negative impacts or
neighborhood co-benefits
Flexibility (1-3, 50% weight)
ability to adjust GI project
O&M administration (1-3, 50% weight)

operation and maintenance costs/needs

Performance reliability (1-3, 50% weight)

performance during back-to-back storm
events, ability to ensure CSO controls
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Performance Factor (score)
Feasibility (1-3, 50% weight)

Indicator
opportunities/constraints not captured in
other criteria

SOURCE: NEORSD, 2012

6.3 Vacant Land and GI
The prioritization of vacant land use for stormwater management projects has support
from a city steering committee on vacant land use. The committee is made up of local planners,
elected officials, government employees, community development corporations and nonprofits.
The committee goal of determining productive final uses for vacant lots throughout Cleveland
overlaps with goals for stormwater management. Vacant land is scored in the Baseline Index
through the “available land” variable. This scoring gives areas with land-bank parcels preference
over areas without land-bank parcels.
The plan also goes into environmental justice aspects of vacant lot greening. Patterns in
Cleveland show that areas with high vacancy rates also tend to be areas of low income, high
percentages of minority residents and low property values. For these reasons, the plan
emphasizes prioritizing projects on vacant land because of their potential positive community
impacts. However, environmental justice variables are not scored and therefore not given
quantified weight in decision making. The plan says they are considered when evaluating focus
areas, but they are not quantified into the GI Index.

Krane

37

6.4 Northeast Ohio Regional Sewer District and Cleveland Botanical
Gardens
Partnership opportunities are included in the Baseline Index score, but are not specifically
described. The plan addresses why partnership are included in the scoring and their importance,
but does not outline an example. Partnership goals in the plan target large property owners with
opportunities to retrofit GI projects on private sites and anchor institutions 2. A partnership
between the Northeast Ohio Regional Sewer District and the Cleveland Botanical Gardens
(CBG) does exist, despite not being specifically addressed in the stormwater management plan.
The CBG programs are further explored in this section.
CBG entered the vacant land field through job training programs for urban farming. CGB
started a four year program “Vacant to Vibrant” to acquire access to vacant lots and use different
treatments for urban farming or planting to provide community benefits. The program takes
place in Cleveland, OH, Buffalo, NY and Gary, IN. CBG is monitoring projects in each city to
measure the social changes, effects and impacts of small community based projects (EPA 3,
2015).
CBG developed a detailed site selection protocol to determine project locations in the
three cities. Since the program is focusing on local community benefits, cities were evaluated for
vacancy patterns. CBG found that many areas were suffering from “gap tooth” vacancy in which
vacant lots were dispersed among occupied housing and congruent parcels could not easily be
assembled for large projects (Albro, 2015). It was decided that the CBG projects would focus on
how small lots could be used to maximize community benefits.
2

anchor institution: large institution or organization that usually owns a large amount of property and is likely not to
move location, such as a hospital or university
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Site selection begins at the neighborhood and block scale and then a parcel suitability
analysis is performed. Neighborhood and block group factors are used to find general areas of
focus where vacant land projects have potential to positively impact communities in multiple
ways (Mackin, 2014).
TABLE 12: NEIGHBORHOOD AND BLOCK SELECTION

Neighborhood Factor

Description

Neighborhood stabilization Areas already targeted by the
target area
city for stabilization and
development projects
Stormwater management
priority area
Existing zoning
Block Group Factor
Environmental

Socio-economic status

Cadastral attributes
Partnerships

Areas already targeted by the
city for stormwater
management and GI
Areas with existing zoning
allowing for urban greening
projects
Description

Indicator
If recieved federal, state or
local investment for
economic stabilization/
redevelopment
Local sewer authority or
EPA designation of flooding
or CSO problems
Active urban farming, land
reuse programs, or formal
green zoning
Indicator

Stormwater management
indicators
Green space

High volume CSOs, location
in watershed & sewershed
Access to green space
(walkability)
Topography
Visually assessed slope and
contour of area
Income, racial makeup, age
Median income, percent
distribution, property & home minority, home value
values
Real estate and property
Vacancy rates and patterns
makeup
Proximity to other community Consultation with
enhancement programs
neighborhood organizations

SOURCE: MACKIN, 2014

The parcel suitability analysis is used to evaluate specific locations within focus areas
established during the neighborhood and block scale analysis. CBG uses community engagement
to determine existing and informal uses of lots as well as potential for stormwater management
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projects. It is important to use both existing databases and site surveys to increase the accuracy
of the analysis.
TABLE 13: PARCEL SUITABILITY ANALYSIS

Quantitative Parcel Inputs
DEM raster files (1/9 arc second
resolution)
Parcel shapefiles

Vacant vs. occupied parcel ratio
Qualitative Suitability Metric Inputs

Outputs
Derived terrain rasters (slope, aspect, curvature
at scale of underlying raster)
Join attributes from DEM rasters (mean slope,
standard deviation of slope, sum of curvature,
mean aspect)
Create 100 ft buffer around each vacant parcel
to determine number of occupied parcels within
buffer
Outputs

Site survey and Google Street View

Verify raster parcel attributes/results

12 criteria for feasibility of GI

weighted sum for each parcel

SOURCE: MACKIN, 2014

6.5 Conclusion
The Northeast Ohio Regional Sewer District’s “Green Infrastructure Plan” was reviewed
for rationale for GI choices, incorporation of vacant land and project partnerships. The plan
outlines a multi-phase analysis to determine GI location and type. The weighted analysis allows
certain criteria to be emphasized. While social and economic factors are discussed as being
important to decision making, they are not quantified in the scoring system. However, this is the
only plan that dedicates a section of discussion to environmental justice issues.
The plan’s focus on infiltration methods is strong. Infiltration is a more permanent
method that prevents water form entering sewer systems as opposed to just delaying the flow.
Infiltration projects can require more land than other GI projects, so the Sewer District could
benefit from large vacant land projects. However, vacant land availability is not given a lot of
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weight in the GI Index scoring. More attention to vacant land is paid in the specific project
prioritization analysis, but there is an opportunity to strengthen the role of vacant land in
determination of target areas.
The Cleveland Botanical Gardens partnership is an example of increasing program
capacity and reach. The CBG selection process shows how programs can be created with
flexibility for different locations. With the ability to orient projects and programs to different
areas, CBG is able to increase the area of impact. The selection process also shows how socioeconomic benefits can and should be addressed or included in decision making. The NEORSD
plan does a good job of quantifying stormwater factors through multiple levels of analysis, but
could possibly be improved by quantifying the social and environmental justice factors
discussed.

7. St. Louis, Missouri
7.1 Background
The Metropolitan St. Louis Sewer District (MSD) completed an original Long-Term
Control Plan for reducing CSOs in 2004 (MSD 1, 2011). The plan relied heavily on grey
infrastructure implementation to meet reduction goals. In 2011, MSD released an updated
version of the plan including a GI pilot program. The plan does stipulate that based on results of
the pilot program, more GI could be added. The pilot program includes a partnership between
MSD and the Land Reutilization Authority (LRA), an entity within the City of St. Louis
government. The LRA receives the title to any tax delinquent properties within the city that are
not purchased at auction, as well as land through donations. The pilot program implemented GI
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on properties owned by the LRA in the Bissell Point service area in north city. Through this
partnership, MSD has access to over 10,000 parcels and right-of-ways within the city of St.
Louis. The pilot project has been completed and MSD has filed a report with the EPA including
results and next steps for expanding GI in the combined sewer system area. MSD is expecting to
make changes based on EPA feedback of the draft report before finalizing the program and
publishing an updated plan.
MSD competed the draft report “CSO Volume Reduction Green Infrastructure Program:
Pilot Final Report and Full Implementation Plan” for the EPA in December of 2015 (MSD 2,
2016). The plan outlines a full implementation plan for the $100 million dedicated to GI in the
long term control plan. The plan also outlines the process and results of the $3.8 million, five
year pilot program. The GI plan is being implemented in a 43 square mile area of the combined
sewer system and will be completed no later than June 30, 2034. The following evaluation of the
draft report first looks at the pilot project results, then evaluates the full implementation plan for
how MSD rationalizes GI choices, incorporates vacant land and partnership opportunities.

7.2 GI Pilot Program
MSD’s pilot program focused on the northern Bissell Point service area, managing
approximately 33 acres. MSD contributed to the city’s demolition budget for LRA properties
resulting in the removal of 9.4 acres of impervious area. The pilot program also included the
implementation of planter boxes (13), rain gardens (3), amended soil sites (13), bioretention cells
(4) and bioretention cells with detention (2). Pilot project results showed around 231,000 gallons
of CSO discharge volume reduced for each acre managed.
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The GI Plan includes three sections of spending on GI Direct Projects, Indirect Projects
and Education and Outreach. Direct Projects are those designed, constructed and maintained by
MSD. Indirect Projects are funded by MSD through grants, but designed and maintained by other
parties. Education and Outreach includes workshops and presentations to the public and potential
partners. GI projects were implemented on a mixture of public and private parcels. Partnerships
with the LRA and Habitat for Humanity gave MSD access to parcels for pilot project
implementation without having to purchase large amounts of land. MSD used a multi-step site
selection process for pilot projects, which is explained in the next section as it will also be used
in the full GI implementation plan.

7.3 Rationale for GI Choices
In the Full Implementation Plan, MSD justifies GI choices depending on project type.
Indirect Projects and Education and Outreach Projects focus on other entities implementing
programs with funding assistance from MSD. Education and Outreach programs include
workshops to increase public awareness and understanding of GI. Public, private or nonprofit
organizations can apply for grants to support GI project construction and maintenance. For these
areas, promotion of GI is general and not focused on specific project types.
MSD’s GI Full Implementation Plan includes a process for site selection based on
neighborhood scale and site scale. The process was used to determine locations for the pilot
projects. Demolition locations were narrowed down based on LRA properties and used in GI site
selection process. Phase 1 of the screening model evaluates opportunities on the block and
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neighborhood scale. Neighborhood evaluation looks at development patterns, impervious area
and existing open space.
TABLE 14: PHASE 1 SCORING

Factor

Score

LRA owned parcels

0.1 points * # lots

Demolition approved lots

2 points * # lots

Lots with > 1/4 acre open area

1 point * # lots

Block vacancy

4 points if entire block vacant

Vacant LRA parcels

1 point if no buildings on LRA parcels

SOURCE: MSD 2, 2016

Phase 1 scores outlined in Table 14 (above) are used to determine priority blocks. The
priority blocks are then evaluated using the “Universe of Technologies” spreadsheet created by
MSD (MSD 2, 2016). Blocks are evaluated for feasibility of GI projects. If blocks are deemed
good candidates, they continue on to site evaluation. If blocks are not deemed feasible, they are
added to a list for potential deed restrictions of future impervious development.
Potential sites on priority blocks are evaluated further using the “Universe of
Technologies” spreadsheet to determine cost estimates as well as a project priority matrix. Sites
are observed for impervious area draining to site, slope of lot, height above street, surrounding
development, parking lots and nearby schools and churches. The project priority matrix outlines
potential project types and details. The matrix is used to evaluate multiple factors at one time.
TABLE 15: PROJECT PRIORITY MATRIX

Factor

Indicator

Type of GI

site or neighborhood scale

Location Factors

watershed, CSO area, ward, if in right-of-way

Drainage Factors

street, yard, roof, adjacent parcels
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Factor

Indicator

Impervious Area Reduction

potential pavement or roof removal

Collection/Filter/Discharge

opportunities for planter box, amended soil,
bioretention
potential for rain garden, berm, swale

Infiltration
Resotration
Reuse
Inlet Method

potential for watershed scale forest or green
space
potential for rain barrel, cistern or catchment

Pre-Treatment

potential for bumb-out, gutter swamp, curb
inlet or curb cuts
potential for basin or forebay

Overflow

potential for structure bypass or spillway

Flood Denetion

potential to separate stormwater from sewer

SOURCE: MSD 2, 2016

In the pilot project report, MSD outlined some challenges with the site selection process.
The pilot projects were somewhat constrained by only using LRA parcels, which did not always
include the ideal locations or site type for GI. Many of the lots in St. Louis were developed
above street level, which means even on lots without structures, regrading was needed to keep
water from draining onto streets. MSD also felt Phase 1 could be refined to better narrow down
blocks with potential for neighborhood scale projects.

7.4 Vacant Land and GI
The GI program is heavily reliant on vacant land. MSD recognized that the partnership
with LRA allowed them access to many parcels and project opportunities that would not have
otherwise been possible. By using LRA owned properties, MSD is able to reduce the cost of
projects. The selection model gives priority to blocks with vacancies, reflecting the preference of

Krane

45

MSD. While the additional benefits of using vacant land for GI are mentioned briefly in the plan,
they are not reflected in the selection matrix, which focuses on stormwater aspects.

7.5 MSD Partnership Opportunities
The pilot projects and full GI implementation plan rely on a continued partnership with
the City of St. Louis. The LRA partnership is important to gain access to land for constructing GI
projects as well as reduction of impervious surfaces through vacant building demolition. MSD
has announced a $13.5 million contribution to the City of St. Louis to increase demolition
funding.
MSD recognizes the importance of partnerships to increase the number of GI projects in
the city. The Indirect Projects section includes targeting partnerships with government and nongovernment entities as well a yearly grant program. MSD has dedicated $5,000,000 a year for
grant funding of GI projects. At this time, there is not an example of partnerships similar the ones
explored in the earlier chapters on Philadelphia, Detroit and Cleveland.

7.6 Conclusion
The pilot project report and full GI implementation plan show a combination of indirect
and direct projects to reduce CSO overflows. MSD shows a preference for completing direct
projects on vacant and LRA owned parcels, but also recognizes the importance of private
projects through grant funding opportunities. The selection model focuses on stormwater
management factors, which creates an opportunity for adding factors such as social descriptives
and synergy opportunities to reflect the additional benefits of vacant land use.

Krane

46

8. Proposed Prioritization Matrix
8.1 Objectives
The objective of the proposed prioritization matrix is to rate opportunities across a city
for GI projects. The goal is to narrow down areas of focus based on the different groupings of
factors. A spatial matrix would allow cities or organizations look at different types of potential
impacts of GI at the same time. As discussed in the beginning of the thesis, GI can be evaluated
in terms of cost, stormwater volume, stormwater quality or additional benefits. A prioritization
matrix can be used to help projects with a focus on stormwater include indirect benefits in
decision making. Cities are faced with many layers of problems, a more comprehensive
prioritization matrix could allow them to find the projects that impact the most factors.
The proposed prioritization matrix was formed using information gathered during
background research as well as through review of the three case study cities. The research
provided insight into how decision making processes can incorporate possible positive
externalities or benefits often viewed as hard to quantify. The proposed matrix includes aspects
pulled from the different case studies as well as factors I developed.

8.2 Lessons Learned
The case studies of Philadelphia, Detroit and Cleveland showed how other cities, sewer
districts and nonprofits were making placement decisions. The EPA and case study cities used
almost identical factors for stormwater management, so the majority of the take-aways came
from evaluating how models addressed the additional benefits.
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The point system used to rationalize GI choices in each case study model was slightly
different. Some used percentages to weight factors, some used decimals and others used whole
numbers. Points systems with whole numbers are easier to understand without a more in-depth
look. People reading the results who were not involved in the execution can more easily
determine trends and make interpretations with a whole number scoring system.
The models were also being run and used by different types of professionals. Those with
engineering backgrounds may prefer more complex models to other professionals without the
same training. The point system can be adjusted depending on the targets as well as who will be
reading the results. The proposed prioritization matrix developed in this chapter is aimed at
government officials, community organizations and residents. In this case, a matrix relying less
on complex engineering models is preferred. The goal is to determine focus areas that could then
be further analyzed for stormwater projects using more scientific methods. To help those without
backgrounds in stormwater management design or planning, the matrix is based less on complex
calculations and more on qualitative factors. Even the quantitative indicators used are part of
more qualitative factors, aside from stormwater flow factors.
Vacant land was incorporated at varying levels in the different city management plans.
However, all plans identified vacant land as a way to be more cost effective and create
opportunities for partnerships with programs addressing other vacant land issues. When included
in scoring systems, it was mostly using parcel counts from land-bank data. Vacant land density
could also be accounted for using ratios or percentages as well as acreage.
Partnership opportunities were addressed in all example models, but they can hard to
value for a ranking matrix. Some organizations that could be partners work across the city, so
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including them in a grading does not really impact scores. Methods for accounting for
partnership potential in a quantitative matrix are explained later for the proposed matrix. The
Cleveland Botanical Gardens used a GIS based prioritization matrix that gave a lot of insight into
what data could be used to measure different factors. The CBG program is focused more on
social and economic impacts on communities, so their selection process includes more of those
variables than the stormwater focused analyses.

8.3 Prioritization Matrix
The new prioritization matrix is broken down into four sections: existing conditions,
socio-economic factors, synergy opportunities and stormwater management factors. Each section
includes multiple factors evaluated across the city which were combined resulting in a total score
for each section. The proposed prioritization matrix includes many indicators that can be
physically observed or more easily recognized by people not working in the stormwater
management field.
The existing conditions section evaluates the development pattern across the city. This
includes zoning, development density, open space and vacancy rates.
TABLE 16: EXISTING CONDITIONS FACTORS

Factor
Basics

Krane

Description
general background
information

Indicator
•
•
•
•

size (acres)
city watershed
CSO #
ward #

Reasoning
• general information to track
projects and opportunity
areas
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Factor

Description

Indicator

Development potential development • redevelopment rate
to predict future • visibility
Opportunity metrics
and existing
development patterns

Land
Availability

• land cover
• land use

availability of vacant or • total # of parcels
land bank owned
• # of occupied structures
properties
• # of land bank owned
lots
• # of vacant lots (no
structure)

Reasoning
• projects fit with future
development and use
• can display projects and
impacts
• space for projects and
people close for additional
benefits
• can easily compile multiple
lots for neighborhood scale
projects

The socio-economic status section evaluates the demographics across the city. This
section relies on Census data, which can be obtained at different scales depending on the goals of
the analysis.
TABLE 17: SOCIO-ECONOMIC FACTORS

Factor

Description

Indicator

Social
Descriptives

description of the
• population size
population potentially
• racial make-up
impacted by GI projects
• poverty rate
• age distribution

Economic
Descriptives

description of the
economic status of
population

•
•
•
•
•

Reasoning

• more people to benefit from
projects
• greater additional social
benefits if higher poverty
rate and minority population
median income
• focus for additional benefits
vacancy rate
• more space for large scale
projects
vacancy vs occupied
ratio
• space small scale projects
property value
• GI projects surrounded by
occupied buildings can have
if area receiving funding
greater impacts
for stabilization
• greening projects likely to
impact lower property
values more than higher

The synergy opportunities section evaluates areas for accessibility to services as well as
potential partnerships. This section is looking for co-benefits of GI projects and how similar
initiatives could be combined to maximize resources, capacity and funding. Synergy
opportunities include partnerships, which imply a relationship between two or more entities, as
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well as opportunities for one program to provide multiple services or benefits without a
partnership. The inputs for this section would vary greatly depending on the city or area. Data
would vary based on city initiatives or associations available to compare or map. A possible way
to quantify partnership opportunities is to use other program focus boundaries/areas or
boundaries for economic incentives. Specific examples will be shown in the data used when
applying the model to St. Louis.
TABLE 18: SYNERGY OPPORTUNITY FACTORS

Factor

Description

Accessibility
Descriptives

description of the
services available in
the area

Existing
Initiatives

location of other
initiatives or
incentives

Indicator

Reasoning

• location of educational
centers
• location of community
organizations
• location of green space

• project exposure and
partnership opportunities
• opportunities for large scale
projects on existing green
space
• opportunities to create
additional services
• location or target areas of • represents potential
other initiatives
partnerships or initiatives to
• boundaries or zones of city combine with, increasing
capacity and maximizing
incentive programs
resource
• incentive zones that could
make projects more feasible
or ease implementation

The stormwater management section looks at the factors impacting performance of GI.
These factors evaluate water flow and development conditions to grade areas for stormwater
controls. The stormwater scores could also include the location of impaired waterbodies or flow
drainage maps.
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TABLE 19: STORMWATER MANAGEMENT FACTORS

Factor
Runoff
Movement

Description
indicators of how
runoff will flow,
accumulate and
infiltrate

Indicator
•
•
•
•
•
•

imperviousness
soil type
topography
runoff accumulation
flow direction
elevation

description of existing • location of other GI
Existing
or
projects
Stormwater infrastructure
variables for GI
• existing stormwater inlets
Management
• location of CSO outfalls
• proximity to waterbodies
• potential environmental
hazards

Reasoning
• high imperviousness means
more runoff
• good for infiltration
• slope to support runoff
collection
• can build on existing spots
of accumulation
• can build on existing flow
direction, placing project
were runoff flows to
• where runoff will settle
• target area without existing
GI projects
• easy connections for
overflow of GI projects
• areas to target for most
benefits of runoff reduction
• areas with largest impacts of
CSO overflows
• possibility for greater
environmental benefits
• possible stormwater
contamination sources

The section total scores can be combined for an overall score or areas can be chosen
based on one section and then compared. For example, focus areas in the city can be narrowed
down first based on the areas ranking highest for stormwater management and then the socioeconomic factors for each focus area can be compared for final decisions.

8.4 Application to St. Louis, Missouri
Application of the proposed prioritization matrix to St. Louis demonstrates how the
general matrix can be oriented to further the goals of a specific city, in this case the stormwater
management goals. MSD approached the selection with a focus on stormwater management, as
is their role. However, there are opportunities to expand the MSD matrix to assess projects for
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other positive impacts and synergies. The prioritization matrix of St. Louis can be helpful to the
city government as well as private or semi-public organizations looking to address vacant land
issues. The matrix results can outline potentials for partnership projects as MSD continues to
implement the full GI plan. It is also important with the demolition funding MSD has given the
City of St. Louis. This prioritization matrix can help the city determine areas where demolition
will help reduce stormwater runoff, while also maximizing the potential additional benefits to
neighborhoods.
The GIS analysis can evaluate areas on many different scales. With a cell-based analysis,
scores in GIS are associated with each cell. Depending on the type of data available, cells could
be sized to represent a parcel, block or larger. For the St. Louis map, the raster cells were sized at
30 square feet. Each metric was evaluated on its own layer and then combined for each section.
The total section scores were evaluated on the neighborhood scale. The analysis aimed to
determine areas of focus to then perform a site specific analysis. The city of St. Louis can be
broken down by Census groupings, wards, neighborhoods or other area units. This analysis used
focus areas based on neighborhood boundaries and Census block groups. The matrix results for
St. Louis are shown by neighborhoods because that is how many residents and community
associations define themselves.
Socio-economic indicators were evaluated using Census block group data. A Census
block group is a break down of a Census tract or a unit for sectioning an area into smaller parts.
A Census block group is the smallest scale the Census Bureau publishes sample data. It should
be noted that the data used is from the American Community Survey, which is a sample and can
have high margins of error at the block group level. However, the 2010 Census, which is a 100%
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count, is now six years out of date. While the overall population numbers in St. Louis have not
changed drastically in the last six years, there have been some significant changes in racial make
up and vacant/occupied ratios in parts of the city. The American Community Survey also offers
additional data categories to evaluate.
The scoring used in the analysis of St. Louis prioritized areas with more dense
development patterns to try and maximize the population interacting with GI projects. If the goal
was to locate areas with potential for a larger construction project, the scores for land cover may
be re-adjusted. In that case, it would likely score high density development low in search for
areas with more open space. Tables 20 - 23 describe the data and scoring used for each section.
TABLE 20: ST. LOUIS EXISTING CONDITIONS

Factor

Data

Strategic Land Use Strategic Land Use Map
(as of 5/30/2013)
Designation

city parcel layer (attributes used:
vacant and acres)
(as of February 2016)
city parcel layer (attributes used:
Vacancy Pattern
(% of block group) ownership and vacant)
Jenks Natural Breaks: 4 breaks

Open Space

(as of February 2016)
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Score (of total possible 12*)
• 0 points: all other areas
• 3 points: Recreational & Open Space
Preservation and Development
Area, Opportunity Area,
Neighborhood Development Area,
Business & Industrial Development
Area, or Institutional Preservation
and Development Area
• 0 points: vacant lots < 1/4 acre
• 3 points: vacant lots > 1/4 acre
• 0 points: very low % of block group
LRA owned or vacant
• 1 point: low % of block group LRA
owned or vacant
• 2 points: medium % of block group
LRA owned or vacant
• 3 points: high % of block group LRA
owned or vacant
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Factor
Land Cover

Data
National Land Cover Database
2011 land cover layer

Score (of total possible 12*)
• 0 points: water, developed open space,
or forest
• 1 point: developed, low intensity
• 2 points: developed, medium intensity
• 3 points: developed, high intensity

*score will be normalized to carry equal weight
TABLE 21: ST. LOUIS SOCIO-ECONOMIC FACTORS

Factor

Data

Population Density ACS 2014 5-year estimates by
Poverty Rate

Census block group
Jenks Natural Breaks: 3 breaks
ACS 2014 5-year estimates by
Census block group
Jenks Natural Breaks: 2 breaks
ACS 2014 5-year estimates by
Census block group
Jenks Natural Breaks: 2 breaks
ACS 2014 5-year estimates by
Census block group (% white)
Jenks Natural Breaks: 3 breaks
ACS 2014 5-year estimates by
Census block group (% white)

Score (of total possible 30)
•
•
•
•
•

0 points: low population density
1 point: medium population density
3 points: high population density
0 points: low % near poverty
3 points: high % near or below poverty

Median Income

Jenks Natural Breaks: 3 breaks
ACS 2014 5-year estimates by
Census block group

0 points: less than 1% in severe poverty
1 point: low % in severe poverty
3 points: high % in severe poverty
0 points: high % of population white or
low % of population white
• 3 points: medium % of population white
• 0 points: high % of population white
• 1 point: medium % of population white
• 3 points: low % of population white
• 0 points: high median income
• 1 point: middle median income

Unemployed to
Employed Ratio

Jenks Natural Breaks: 3 breaks
ACS 2014 5-year estimates by
Census block group
Jenks Natural Breaks: 3 breaks

•
•
•
•

Severe Poverty
Race (looking for
diversity)
Minority
Population

Vacant to Occupied ACS 2014 5-year estimates by
Census block group
Housing Ratio
Public Assistance
Income (PA)
Supplemental
Security Income
(SSI)
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Jenks Natural Breaks: 3 breaks
ACS 2014 5-year estimates by
Census block group
Jenks Natural Breaks: 3 breaks
ACS 2014 5-year estimates by
Census block group
Jenks Natural Breaks: 3 breaks

•
•
•
•

3 points: low median income
0 points: low ratio (majority employed)
1 point: medium ratio
3 points: high ratio (majority
unemployed)
0 points: low ratio (majority occupied)
1 point: medium ratio
3 points: high ratio (majority vacant)
0 points: low % with PA
1 point: medium % with PA
3 points: high % with PA
0 points: low % with SSI
1 point: medium % with SSI

•
•
•
•
•
•
•
•
• 3 points: high % with SSI
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TABLE 22: ST. LOUIS SYNERGY OPPORTUNITIES

Factor
Existing Open
Space

Milkweeds to
Monarchs (city
garden initiative)
Enhanced
Enterprise Zone
Education Center
Neighborhood
Associations
LRA Ownership

Data
park acres (% of block group
area)
(as of 5/30/2013)

location of Milkweeds to
Monarchs gardens (by block
group)
(as of February 2016)
map of Enhanced Enterprise
Zones (area of development
focus for the city)
(as of 2015)
location of schools and
universities (by block group)
(as of 2013)
neighborhoods with registered
associations according to the city
(as of March 2016)
LRA parcels (% of block group)
Jenks Natural Breaks: 4 breaks
(as of February 2016)

Score (of total possible 18*)
• 0 points: park area > 4.6% of block group
area
• 1 point: park area between 1.2% - 4.6% of
block group area
• 3 points: park area < 1.2% of block group
area
• 0 points: block group with 6+ gardens
• 1 point: block group with 4 - 5 gardens
• 3 points: block group with 0 - 3 gardens
• 0 points: outside of zone
• 3 points: in zone

•
•
•
•
•

0 points: no education centers
1 point: one education center
3 points: more than one education center
0 points: no association
3 points: one or more associations

• 0 points: very low % of block group LRA
parcels
• 1 point: low % of block group LRA
parcels
• 2 points: medium % of block group LRA
parcels
• 3 points: high % of block group LRA
parcels

*score will be normalized to carry equal weight
TABLE 23: ST. LOUIS STORMWATER MANAGEMENT FACTORS

Factor
Groundwater
Elevation
Environmental
Hazards

Krane

Data
groundwater elevation layer
from USGS
Jenks Natural Breaks: 3 breaks
(as of 2006)
location of superfund sites,
brownfields, registered hazards
(% of block group parcels)
(as of 2008, 2010 and 2014)

Score (of total possible 18*)
• 1 point: high elevation
• 2 points: medium elevation
• 3 points: low elevation
•
•
•
•

0 points: high % contaminated parcels
1 point: medium % contaminated parcels
2 points: low % contaminated parcels
3 points: very low % contaminated parcels
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Factor

Data

Score (of total possible 18*)

Slope (topography) USGS topography map (slope

•
•
•
USGS
1/3
arc-second
DEM
•
Flow Accumulation
layer (used flow accumulation •
tool in ArcGIS)
•
•
USGS
1/3
arc-second
DEM
•
Sink (area with no
layer (used sink tool in ArcGIS •
outward flow)
to locate cells)
% change)

Imperviousness

National Land Cover Database
2011 imperviousness layer
(scored by splitting values into
quartiles)

•
•
•
•

0 points: slope > 25%
1 point: slope between 5% - 25%
3 points: slope < 5%
0 points: first quartile
1 point: second quartile
2 points: third quartile
3 points: fourth quartile
0 points: not sink cell
3 points: sink cell
0 points: very low % impervious
1 point: low % impervious
2 points: medium % impervious
3 points: high % impervious

*score will be normalized to carry equal weight

8.5 Discussion of Results
The prioritization model results determined areas of focus that would be expected based
on a basic understanding of St. Louis. Northern St. Louis contains the majority of LRA owned
properties and is also the area of focus for MSD GI projects. This portion of the city contains
many of the highest scoring neighborhoods from the prioritization analysis. Southern St. Louis
City has a higher population density, which is reflected in the top scoring neighborhoods in that
area of the city. Additional benefits have greater impacts when there are people nearby the
projects, so scoring was formed to reflect that. Having people around to reap the benefits is
important, but it is also important to recognize that benefits could have greater impact in areas
with weaker markets, where less private investment is likely to occur. Using a multi-layer
prioritization matrix allowed the model to address these different factors at once.
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FIGURE 1: MAP OF OVERALL SCORES WITH NEIGHBORHOOD BOUNDARIES
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Columbus Square
Old North St. Louis
Near North Riverfront
Hyde Park
College Hill
Fairground Neighborhood
O’Fallon
Penrose
Mark Twain 1-70
Industrial
Mark Twain
Walnut Park East
North Pointe
Baden
Riverview
Walnut Park West
Covenant Blu-Grand
Center
Hamilton Heights
North Riverfront

80.
81.
82.
83.

Carondelet Park
Tower Grove Park
Forest Park
Fairground Park

84.
85.
86.

Penrose Park
O’Fallon Park
Belfontaine/Calvary
Cemetery

87.
88.

Missouri Botanical
Garden
Wilmore Park
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The overall score is determined by adding the score of each category together. In the first
analysis of St. Louis, the categories were given equal weights, but this could be done differently
if one aspect is considered more important. In order to give each section equal weight when
adding them together, a multiplier was used so each section would have a total possible of 30
points. The impact of giving each section equal weight can be seen when top overall scoring
neighborhoods are compared to neighborhoods with top stormwater management scores.
Neighborhoods were ranked by their median score. The median score was used for more accurate
results because outliers skew the mean scores. The top overall scoring neighborhoods listed in
Table 24 (below) are all in north city, except for one, which is expected because of socioeconomic factors. The neighborhoods with top stormwater scores are also mostly in north city,
but only three neighborhoods have tops scores in both categories.
TABLE 24: TOP SCORING NEIGHBORHOODS IN OVERALL AND STORMWATER SECTIONS

Neighborhood Name

Overall Score

Neighborhood Name

Stormwater Score

Fairground Neighborhood*

69 Tiffany**

20

The Ville*

67 Vandeventer*

18

Hamilton Heights*

66 Visitation Park*

18

College Hill*

66 Lewis Place*

18

Lewis Place*

66 Fountain Park*

18

Wells Goodfellow*

65 The Ville*

18

Walnut Park East*

65 Academy*

18

Carr Square*

65 Kingsway East*

18

Near North Riverfront*

64 South Hampton**

18

Tiffany**

64 Benton Park West**

18

*IN NORTH CITY, **IN SOUTH CITY
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Many neighborhoods had the same median stormwater score. Tiffany was alone with a
top score of 20, but 42 neighborhoods had a median score of 18. In order to narrow down the top
scores, neighborhoods with a score of 18 were ranked from smallest range to largest. To create
more separation between stormwater scores, more indicators could be used in the stormwater
management analysis. This would develop a more comprehensive and detailed analysis of factors
impacting green infrastructure location and potential performance.
The overall results would be helpful for an analysis of vacant land management with
green infrastructure an option of uses to promote. In this analysis however, stormwater
management was the primary goal and the other sections are meant to help placement of GI
maximize additional benefits. By selecting the neighborhoods with the top stormwater scores and
then comparing the other section scores, prioritization areas will be better suited for GI projects.
Figure 2, on the next page, is a map of the locations of the top overall neighborhoods and the top
stormwater neighborhoods.
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FIGURE 2: MAPS SHOWING TOP NEIGHBORHOODS FOR OVERALL AND STORMWATER SCORES

MSD determined a focus area for GI projects that does not include the entire city area.
Table 25 (below) reflects the neighborhoods with top stormwater scores that are also included in
the MSD GI zone. Two neighborhoods, Visitation Park and South Hampton, did score higher
than Fox Park and Shaw, however they were removed from this portion analysis focused on
MSD project potential.
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TABLE 25: TOP STORMWATER SCORING NEIGHBORHOODS IN MSD GI ZONE

Neighborhood
Name

Stormwater

SocioEconomic

Synergy
Opportunities

Existing
Conditions

Tiffany

20

9

20

15

Vandeventer

18

14

15

12

Lewis Place

18

15

18

10

Fountain Park

18

17

15

10

The Ville

18

13

21

12

Academy

18

17

18

7

Kingsway East

18

16

13

7

Benton Park West

18

13

16

5

Fox Park

18

8

16

7

Shaw

18

7

15

5

Top Score

20

21

21

17

In order to maximize additional benefits of GI projects, areas of focus can be further
narrowed down by comparing scores from the socio-economic, synergy opportunities and
existing conditions categories. The top scoring stormwater management neighborhoods are only
separated by zero or two points, so re-prioritizing neighborhoods within the top scoring group
would seemingly have little effect on stormwater management. The three other scoring sections
can be added together to create an additional benefits score. Figure 3 (below) shows the top
scoring stormwater management neighborhoods re-ranked based on their additional benefits
score.
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FIGURE 3: PRIORITY NEIGHBORHOODS: ADDITIONAL BENEFITS SCORE

Neighborhood Additional
Name
Benefits
Score
The Ville

46

Tiffany

44

Lewis Place

43

Fountain Park

42

Academy

42

Vandeventer

41

Kingsway East

36

Benton Park West

34

Fox Park

31

Shaw

27

MSD could use the results of this analysis to focus on the neighborhoods as ranked in
Figure 3. By placing GI projects in the top-ranked neighborhoods, The Ville or Tiffany, MSD
should be able to maximize socio-economic benefits as well as capitalize on synergy
opportunities or partnerships. Again, this prioritization did not include a site scale analysis. The
prioritization shows areas of focus with the next step being specific site evaluations to determine
feasibility. Parcel scores can be determined from the scoring results, but site visits and
inspections would be needed to further determine site feasibility for specific projects. Figure 4
and Figure 5 (below) show LRA owned parcels within the two top scoring neighborhoods. The
LRA parcels are color-coded by median stormwater score from low (light blue) to high (dark
blue).
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FIGURE 4: MAP OF LRA-OWNED PARCELS IN THE VILLE NEIGHBORHOOD

!
The map above shows the development pattern of The Ville neighborhood which is
mostly single family residential and also includes a higher density apartment complex and a
school. The Ville has high availability of LRA parcels. Many of the parcels are contiguous,
which is preferred for large scale GI projects, but there are also opportunities for small scale
projects. When creating the prioritization matrix, the decision was made to value areas with high
density development in an attempt to target areas with high amounts of impervious surface and
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areas with many residents to reap the benefits of projects. This decision was made understanding
the potential risk that resulting areas could be those without many LRA properties or
opportunities for large scale projects. Looking more closely at the results, it is clear that by using
multiple sections of factors, the matrix was able to address both the desire for density and the
opportunity for large scale projects on LRA sites.
FIGURE 5: MAP OF LRA-OWNED PARCELS IN THE TIFFANY NEIGHBORHOOD
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The Tiffany neighborhood has residential properties as well as industrial and commercial
properties. Tiffany does not have as many LRA owned parcels available as The Ville, but does
have some and has a higher amount of impervious surface than The Ville. Tiffany shows a “gaptooth” vacancy pattern which can be helpful for small scale GI projects. The northern portion of
Tiffany represents the opportunity for large scale GI to control runoff volume from private
property and industrial sites.

8.6 Next Steps
For further analysis of focus areas determined, a similar matrix can be used. The
indicators in the proposed matrix can be re-scored to reflect specific community preferences.
Residents of some focus areas may have preferences or needs that differ from others. Using a
live matrix during a community meeting could allow the metrics to be adjusted based on local
input. The results for site prioritization could then show residents the impact of their preferences
on the locations prioritized.
The analysis of focus areas for potential sites can also be enhanced by the timing
synergies such as planned construction projects. The capital plan for the city could be used in the
existing conditions section to show where the city plans on making infrastructure upgrades, such
as repaving a road. Coordinating green infrastructure projects with other infrastructure projects is
another opportunity to maximize funding and resources. Since construction equipment will be
present in the area and pavement will be disturbed, it is a good time to complete other projects.
Next steps for the matrix involve adapting the scoring and indicators used to reflect the subtleties
and differences between focus areas.
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8.7 Conclusion
The proposed prioritization matrix successfully narrowed down neighborhoods of focus
for locating GI projects to maximize additional community benefits. The application of the
matrix to St. Louis resulted in areas with opportunities for project synergies as well as runoff
volume control. By first looking at neighborhoods with top stormwater management scores and
then comparing scores for additional benefit factors, the results will be best suited for the main
goal of GI projects, stormwater management.

9. Conclusion
Cities are required to control stormwater runoff for quality and quantity. Research shows
a direct relationship between the amount of impervious surface and runoff generated in an area.
Shrinking cities have an abundance of vacant lots and building. Vacant land can become the
vehicle for addressing other city issues such as placement of GI for stormwater management.
Prioritization models can help city officials and non profit organizations narrow down
areas of focus for synergy opportunities. Using a multi-phase matrix also helps make location
decisions more defendable and match EPA requirements. A selection matrix allows programs to
address multiple factors at one time. The new prioritization used in this thesis to assess St. Louis,
included evaluating criteria for existing conditions, socio-economic factors, synergy
opportunities and stormwater management.
Lessons learned from the EPA, Philadelphia, Detroit and Cleveland show the importance
of community engagement, partnerships and purposefully developed selection criteria.
Community engagement helps form or adjust programs to the needs of specific communities
while building public awareness and buy-in. Partnerships help to increase capacity, funding and
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maximize resources. Purposefully developed selection criteria allows the prioritization matrix to
answer specific location questions. A matrix can be developed to help engineers or water
management professional and still address additional benefits with results meaningful to city
officials or people without a water management background.
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11. Appendix
FIGURE 6: MAP OF EXISTING CONDITIONS SCORES
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FIGURE 7: MAP OF SYNERGY OPPORTUNITIES SCORES
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FIGURE 8: MAP OF SOCIO-ECONOMIC SCORES
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TABLE 26: NEIGHBORHOOD PRIORITIZATION MATRIX SCORES RANKED BY STORMWATER
Stormwater
Management

Existing
Conditions

SocioEconomic

Synergy
Opportunities

Overall

Tiffany

20

15

9

20

64

Academy

18

7

17

18

62

Baden

18

7

12

11

49

Benton Park West

18

5

13

16

54

Botanical Heights

18

12

8

18

55

Clayton-Tamm

18

5

3

16

43

Clifton Heights

18

5

2

16

43

Compton Heights

18

5

2

15

41

DeBaliviere Place

18

5

5

10

40

Ellendale

18

7

9

16

49

Forest Park South East

18

10

13

16

56

Fountain Park

18

10

17

15

60

Fox Park

18

7

8

16

51

Franz Park

18

2

3

20

44

Hamilton Heights

18

12

17

18

66

Hi-Pointe

18

5

4

11

40

Kingsway East

18

7

16

13

54

Kingsway West

18

7

12

13

52

Lewis Place

18

10

15

18

66

Lindenwood Park

18

5

2

10

36

Mark Twain

18

10

12

13

56

Mark Twain I-70 Industrial

18

10

17

16

62

North Hampton

18

5

3

15

44

North Pointe

18

5

11

10

43

Penrose

18

7

14

11

51

Shaw

18

5

7

15

42

Skinker DeBaliviere

18

5

6

13

42

South Hampton

18

5

4

11

39

Southwest Garden

18

5

4

11

42

Neighborhood Name
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Stormwater
Management

Existing
Conditions

SocioEconomic

Synergy
Opportunities

Overall

The Gate District

18

12

8

15

50

The Hill

18

7

3

18

49

The Ville

18

12

13

21

67

Tower Grove East

18

5

11

10

44

Tower Grove South

18

5

11

11

45

Vandeventer

18

12

14

15

59

Visitation Park

18

10

11

8

48

Walnut Park East

18

10

15

21

65

Walnut Park West

18

5

13

16

52

Wells Goodfellow

18

15

15

18

65

West End

18

7

9

16

54

Wydown Skinker

18

2

2

11

36

Benton Park

16

5

5

10

37

Bevo Mill

16

5

6

10

42

Boulevard Heights

16

5

2

10

34

Carondelet

16

5

9

11

43

Carr Square

16

15

12

20

65

Central West End

16

10

6

11

48

Cheltenham

16

12

6

20

54

College Hill

16

12

17

20

66

Columbus Square

16

12

15

15

60

Covenant Blu-Grand Center

16

12

10

11

54

Dutchtown

16

5

12

13

50

Fairground Neighborhood

16

12

21

20

69

Gravois Park

16

5

16

11

50

Greater Ville

16

10

15

15

59

Holly Hills

16

5

3

15

39

Hyde Park

16

12

17

15

63

Jeff Vanderlou

16

12

14

16

61

Kosciusko

16

12

1

20

54

Neighborhood Name

Krane
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Stormwater
Management

Existing
Conditions

SocioEconomic

Synergy
Opportunities

Overall

Lafayette Square

16

10

3

15

48

LaSalle Park

16

12

16

20

61

Marine Villa

16

10

12

15

53

McKinley Heights

16

7

4

15

44

Missouri Botanical Garden

16

12

4

15

48

Mount Pleasant

16

5

17

16

56

Near North Riverfront

16

15

17

15

64

O'Fallon

16

7

13

13

52

Old North St. Louis

16

12

12

18

62

Peabody Darst Webbe

16

10

13

15

55

Penrose Park

16

12

14

13

56

Princeton Heights

16

5

4

10

38

Soulard

16

10

2

16

45

St. Louis Hills

16

2

2

10

33

St. Louis Place

16

15

14

10

57

Tower Grove Park

16

10

12

10

47

Belfontaine/Calvary Cemetery

15

12

12

10

50

Carondelet Park

15

10

3

5

31

Downtown

15

12

6

21

52

Downtown West

15

12

11

11

52

Fairground Park

15

15

17

5

52

Kings Oak

15

10

6

20

53

Midtown

15

12

11

20

57

North Riverfront

15

17

12

15

56

Patch

15

12

8

15

54

Wilmore Park

15

7

7

5

34

O'Fallon Park

13

12

9

11

46

Riverview

13

12

12

11

51

Forest Park

11

12

6

1

31

Neighborhood Name

Krane
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