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Executive Summary 
Green infrastructure is an urban design concept for protecting natural systems and processes 
and for reducing environmental impacts from the built environment through implementing 
management practices that “use or mimic natural processes to infiltrate, evapotranspirate, or 
reuse stormwater or runoff” (Rouse & Bunster-Ossa, 2013, p. 10). Green Infrastructure has 
become increasingly widespread since the EPA’s 2007 decision to allow its use in a number of 
regulatory compliance programs, and works with communities across the country, forging 
partnerships to develop best management practices, provide technical assistance, and to 
identify and overcome policy barriers. 
 
Interest in sustainable development – resulting, in part, from the EPA’s substantial work to 
improve information and increase implementation of these practices – has not only resulted in 
green infrastructure installations in cities such as Philadelphia, Portland, and Milwaukee, but 
also has begun to transform campus environments. The EPA has brought innovation in 
stormwater management directly to campuses through the Campus Rainworks Challenge, a 
design competition that encourages students to design green infrastructure solutions to manage 
stormwater and provide other environmental benefits on campus. This challenge highlights the 
role that campuses can play in design, innovation, and research, and in disseminating new 
concepts and technologies in stormwater management.  
 
Green infrastructure research and project implementation on campuses present learning 
opportunities for students and the public at large. While there is a great need for updated 
stormwater infrastructure in this country, there is substantial financial risk involved when 
municipalities employ unproven technology to address water quality issues (Kiparsky et al. 
2013). This makes universities an invaluable “learning laboratory” for experimentation and 
implementation of these design practices and technologies.  
 
The University of Wisconsin-Madison campus could be at the cutting edge of developing, 
implementing, evaluating, and communicating new water sustainability solutions. Although our 
Capital Region has abundant water resources, our growing communities pose substantial 
challenges to the protection of water resources quality and quantity. The unique physical 
location of the University next to abundant fresh water resources makes this impact tangible to 
students and the campus community at large, and provides ample opportunities to engage 
directly in the solution. 
 
The nature and complexity of water resources management speaks directly to the role of a 
research institution in general and the Wisconsin Idea in particular. The University is in a unique 
position to leverage its intellectual capacity and creativity while presenting new opportunities for 
students to experience the cutting edge of a “greener” future. By leveraging the knowledge and 
enthusiasm of students and faculty alike – and creating interactive learning opportunities across 
campus through green infrastructure -- the university can play a prominent role in physically 
demonstrating innovative solutions to critical sustainable infrastructure challenges. 
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1. Introduction: The Case for Green Infrastructure 
 
Green infrastructure is an urban design concept for protecting natural systems and processes and 
for reducing environmental impacts from the built environment. Early conceptualizations of green 
infrastructure emphasized the conservation potential of maintaining green space networks in 
developing regions to protect threatened habitats and maintain biodiversity and other ecosystem 
functions (see e.g. Benedict & McMahon, 2006). A second definition has emerged which focuses 
more specifically on green stormwater infrastructure. This refers to “systems and practices that 
use or mimic natural processes to infiltrate, evapotranspirate, or reuse stormwater or runoff” 
(Rouse & Bunster-Ossa, 2013, p. 10).  
 
Green stormwater infrastructure can be applied across spatial scales, from the site or sub-site 
scale to the neighborhood (or campus) and community scales. Moreover, many of the best 
management practices (BMPs) applied in green stormwater management can be effectively 
scaled up to address regional water quality challenges. For example, the City of Portland’s 
program to disconnect downspouts (site scale) from the stormwater system effectively reduced 
stormwater inputs to the overburdened city-wide grey infrastructure system by 1.3 billion gallons 
per year (http://www.portlandoregon.gov/bes/54651).  
 
Green Infrastructure has become increasingly widespread since the EPA’s 2007 decision to allow 
its use in a number of regulatory compliance programs, recognizing its utility in Special 
Environmental Projects (SEP) Municipal Separate Stormwater Systems (MS4), Combined Sewer 
Overflows (CSO) and National Pollutant Discharge Elimination System (NPDES) and non-point 
source compliance (Grumbles, 2007). Since that time, the EPA has worked with communities 
across the country, forging partnerships to develop best management practices, provide technical 
assistance, and to identify and overcome policy barriers.  
 
This report focuses on both current and potential applications of green stormwater infrastructure 
(referred to herein as green infrastructure) on the University of Wisconsin Madison campus. 
 

 

1.1 Protecting Water Quality  
 
In an undeveloped watershed, falling rainwater is intercepted by multiple layers of vegetation and 
deep roots help to maintain infiltration properties of soils as runoff slowly moves from where it falls 
toward a receiving waterway. As land development occurs, however, soil surfaces are compacted 
and/or paved over, and trees and other vegetation are removed, reducing the ability of stormwater 
to infiltrate naturally, and greatly increasing the speed at which water moves over the landscape 
(Figure 1). In the past, the predominant stormwater management paradigms focused on 
stormwater runoff conveyance and, in less developed areas, runoff retention (Reese, 2001). 
These paradigms emphasized moving stormwater out of urban and suburban developments 
through surface channels and underground pipes to prevent site flooding by discharging the runoff 
directly into streams, rivers, lakes, and other receiving waterways or, more recently, into detention 
ponds (especially in lower-density, suburban landscapes). 
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Figure 1: Relationship between impervious cover and surface runoff (FISRWG http://www.nrcs.usda.gov) 

 
 
The widespread transformation of natural drainage patterns has created environmental 
protection and management challenges. As rain water or snowmelt moves across impervious 
surfaces and into stormwater pipes, it picks up pollutants, including total suspended solids, 
pesticides and nutrients from lawns, petrochemicals and other toxic substances leaked from 
vehicles, and salts from ice management programs (Table 1).  These pollutants are often 
conveyed directly into natural surface waters. Land development also increases both the 
volume of stormwater (by preventing natural infiltration into the soil profile) and the rate at 
which stormwater leaves the catchment, resulting in increased “flashiness.” 
 
Through the U.S. Clean Water Act (CWA), point sources of pollutants discharging into 
waterways are regulated through the Nation Pollutant Discharge Elimination System 
(NPDES) permitting program. As many of the highly noxious pollutants came under control in 
the years following the passage of the CWA, it became increasingly clear that storm sewers 
were having   a profound and increasing impact on waterways in highly developed areas. As 
such, in 1990, the NPDES program was expanded to include municipal separate storm 
sewer systems (MS4s). In most cases, the regulating authority has been passed on to state 
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agencies, such as the Wisconsin Department of Natural Resources. 
 
Three factors pose water quality concerns relating to stormwater: impervious surface cover, 
precipitation intensity, and precipitation volume. Research indicates that stormwater runoff is 
most sensitive to changes in impervious surface coverage. Watershed studies have shown 
stream degradation occurring at as low as 3.6% impervious surface coverage (Booth & 
Jackson, 1994). While the range of biotic and abiotic impacts varies widely based on the 
indicator of concern (i.e. nutrient inputs, metals, TSS etc.), several studies suggest that an 
approximate 10% threshold will result in degradation (Brabec et al., 2002). Therefore, 
impervious surface coverage – as a percentage of a catchment or watershed surface area – 
can be a useful indicator for estimating potential development impacts on urban waterways 
(Arnold & Gibbons, 1996). 
 
Table 1 Common stormwater pollutants 

Pollutant group 
Measurement 
Parameter Sources 

Solids 
(suspended 
solids, SS) 

TSS, BOD, COD, 
PAH, ect 

Pavement wear; construction sites or 
rehabilitation works; atmospheric fallout; 
anthropogenic wastes, etc. 

Heavy metals Cu, Zn, Cd, Pb, Ni 
and Cr 

Vehicle parts and components; tire wear; 
fuel and lubricating oils; traffic signs and 
road metallic structures. Industries may also 
be an important source of heavy metals 

Biodegradable 
organic matter 

BOD5 and COD Vegetation (leaves and logs) and animals 
such as dogs, cats, bird (either fecal 
contributions or dead bodies) 

Organic 
micropollutants 

There are 
numerous, among 
them: PAHs, PCBs, 
MTBEs, endocrine 
disrupting chemicals 

e.g., PAH: incomplete fossil fuel combustion; 
abrasion of tire and asphalt pavement, etc. 
Phthalate esters: urban construction plastic 
materials 

Pathogenic 
microrganisms 

e.g., Total coliforms; 
Escherichia coli 

Contributions from cats, dogs and birds 

Nutrients Nitrogen and 
phosphorus 

Fertilizers and atmospheric fallout 

Adapted from Barbosa et al. 2012 
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Green infrastructure addresses urban sustainability challenges in several ways. First, it seeks to 
replace impervious areas by substituting green 
spaces and pervious structures and surfaces. 
Where impervious areas cannot be replaced 
entirely, this approach seeks to disconnect 
impervious surfaces by channeling stormwater 
through green space or other similarly 
functioning structure (i.e. a French drain) before 
it enters a stormwater inlet. Second, green 
infrastructure provides stormwater pretreatment 
by intercepting some of the water-born 
pollutants. Finally, green infrastructure provides 
detention and retention of stormwater, reducing 
volumes and peak flows during storm events 
(Table 2).  
 
Green infrastructure is often meant to augment, 
rather than replace, existing grey systems, 
improving the overall stormwater management 
system’s performance and capacity while 
adding other social, economic, and ecological 
co-benefits. Figure 2 presents BMPs, or “On-
site controls,” as one measure in a multilevel 
stormwater approach. As the distance 
increases from a site, it becomes less efficient, 
both environmentally and economically, to treat the 
pollutants of concern. While some end of pipe 
controls will likely be inevitable, the treatment and prevention potential should be maximized at 
each level (FCM & NRC, 2003). 
 
 
Table 2: Summary of green infrastructure impacts 

Target Mechanism 

Decreased impervious 
area & DCIA 

Utilizes vegetated or otherwise impervious surfaces to enhance 
infiltration, slow water, and increase permeability of soils 

Pretreatment and 
interception of pollutants 

Vegetation and soil structures provide an opportunity for pollutants 
to settle out and in some cases sorbs to soils 

Total volume reduction 
Many BMPs include some provision of infiltration and/or 
evapotranspiration that reduces the amount of stormwater 
entering receiving waterways 

Peak flow reduction Green infrastructure slows the rate at which water moves across 
the watershed and into receiving waterways 

Temperature reduction 
Slowing stormwater and channeling it through vegetated areas 
removes some of the latent heat stormwater picks up from paved 
surfaces 

 
 

Figure 2: Control site levels for urban 
stormwater management (FCM & NRC, 2003).(
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Other Benefits of Green Infrastructure 
 
In addition to the water quality benefits, green infrastructure contributes to sustainability by 
providing multiple social, economic, and environmental benefits. Green infrastructure is a 
multifunctional system, simultaneously achieving numerous desirable outcomes which include 
(Rousse & Bunster-Osso 2010): 
 

• Environment – carbon sequestration, urban heat island effect mitigation, and habitat 
preservation and creation 

• Economy – increasing property values, generating green jobs, and promoting retail and 
economic activity in business districts. 

• Community – improvements in environmental quality and the built environment promote 
public health, increase recreational activity, and generate social capital and greater equity.  

 
Finally, green infrastructure can play a role in addressing some of the larger national and 
international challenges we face today. Warming temperature due to climate change have already 
begun to alter the volume and intensity of precipitation throughout the country and world. Because 
grey infrastructure systems are based on historic precipitation patterns, these changes and the 
inherent uncertainty in their ultimate impact on hydrologic regimes, many systems may not have 
the capacity to manage these storms (Pyke et al., 2011). In a study of land use (conventional 
versus low impact development) in variable precipitation regimes and the resulting impact on 
runoff volume and pollutant loads, researchers found low impact development performed 
significantly better in increasing intensity and volumes (Pyke et al., 2011).  
 
In addition to concerns about the impacts of climate change, the United States is faced with 
rapidly aging stormwater infrastructure. In a 2013 report published by the American Society of 
Civil Engineers, wastewater infrastructure (which includes both sanitary and storm sewers) was 
given a grade of D. The total estimated cost for wastewater infrastructure by 2020 is estimated to 
be $298.1 billion, with Wisconsin alone requiring $6.4 billion in wastewater infrastructure 
investment in just the next 20 years (ASCE 2013). Nationally $42.3 billion, or 14.2% of the total, is 
for stormwater management (ASCE 2013).  
 

1.2 Definition of Key Terms 
 
Extensive research has shown that green infrastructure is becoming an effective and accepted 
means of augmenting traditional “grey” stormwater infrastructure. A lexicon has developed to 
describe these emerging systems and their applications and benefits. The following terms will be 
used throughout this report. 
 
Best Management Practices (BMPs) are the interventions that reduce the quantity of stormwater 
runoff and/or improve its quality (BES, 2006). Specific BMPs will be addressed in detail within this 
report.  

Gray Infrastructure refers to traditional means of stormwater management, relying on pipes and 
rapid conveyance systems (Debo & Reese, 2003). 

Low Impact Development utilizes green infrastructure BMPs and other techniques to minimize 
the negative environmental impacts of development and redevelopment with the intent to manage 
stormwater as close to the site as possible. (http://water.epa.gov/polwaste/green/ or 
http://www.lowimpactdevelopment.org/) 
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Ecosystem Services are the benefits that ecosystems provide for people (Rouse & Bunster-
Ossa 2013). Generally expressed in economic terms, these services are divided into four 
categories (Entrix, Inc, 2010; Hassan, Scholes & Ash, 2005): 

• Provisioning services that provide fresh water, food, fiber or other materials; 
• Regulating services that improve air and water quality; 
• Supporting services such as nutrient cycling, soil formation and pollination; 
• Cultural services such as education, recreation, and aesthetic values. 

Total Impervious Area (TIA) – The amount of impervious surface area in a given drainage area 
is a, if not the, major factor in determining water quality in watersheds with conventional, grey 
infrastructure approaches to stormwater management.  
 
Effective Impervious Area (EIA)/Directly Connected Impervious Area(DCIA) –EIA and DCIA 
refer only to the impervious areas in a watershed that drain directly into a stormwater conveyance 
system and discharge into a water-body with no opportunity for infiltration or treatment (Brabec et 
al. 2002).  
 

1.3 Green Infrastructure & the Campus Environment 
 
Interest in sustainable development – resulting, in part, from the EPA’s substantial work to 
improve information and increase implementation of these practices – has not only resulted in 
green infrastructure installations in cities such as Philadelphia, Portland, and Milwaukee, but also 
has begun to transform campus environments. The EPA has brought innovation in stormwater 
management directly to campuses through the Campus Rainworks Challenge, a design 
competition that encourages students to design green infrastructure solutions to manage 
stormwater and provide other environmental benefits on campus. This challenge highlights the 
role that campuses can play in design, innovation, and research, and in disseminating new 
concepts and technologies in stormwater management. 
 
Green infrastructure research and project implementation on campuses present learning 
opportunities for students and the public at large. While there is a great need for updated 
stormwater infrastructure in this country, there is substantial financial risk involved when 
municipalities employ unproven technology to address water quality issues (Kiparsky et al. 2013). 
This makes universities an invaluable “learning laboratory” for experimentation and 
implementation of these design practices and technologies.
 
In a United Nations Environmental Programme report, the authors liken a university to a small 
town, “with all the associated issues of spatial planning, management of physical growth and 
development, maintenance of buildings and open spaces, supply of electricity, water and other 
utilities and often provision of residential accommodation and ancillary services. In addition, there 
are typically corporate functions of finance, procurement, human resources, et cetera” (Osmond et 
al., 2013, pg. 9). As a metaphoric small town, the University makes crucial decisions in the growth 
and development of the institution, decisions which reflect the paradigms of the time. University 
institutions and policies influence the plans that shape the university’s built environment. 
 
Several universities across the country have begun to incorporate stormwater sustainability into 
their research, curriculum, and operations and maintenance of the campus itself. The following 
case studies show how campuses can provide educational opportunities for their students and 
leadership within their larger community. 
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Portland State University: visualizing sustainable landscapes 
 

In Portland, Oregon, some of the most effective and visually engaging examples of 
green infrastructure can be found on the campus of Portland State University. 
Intermixed in the campus are several innovative public spaces that highlight green 
building and infrastructure technologies. The Shattuck Ecological Learning Plaza is 
experimenting with new technologies in vertical gardens, permeable pavement, 
and green roofs in with an organic aesthetic (Figure x). Continuous monitoring for 
research makes it both a source for data on the impact of BMP performance and 
an opportunity for students to conduct classroom and independent research 
(http://www.pdx.edu/eco-learning-plaza/). The Urban Plaza stormwater retrofits 
demonstrate how a traditional “hardscape” public area can be easily retrofitted for 
improved stormwater performance (ASLA 2013). 
 

 
Figure 3 Shattuck Ecological Learning Plaza from http://pdxsustainability.wordpress.com 

 
 
University of Washington: cultivating community partnerships 
 
At the University of Washington’s Green Futures Lab (Figure 4), students are 
engaging with public partners to bring emerging technologies to city officials. 
Partnerships between public agencies, planning and design consultants, and 
research scientists have created opportunities for students to engage directly in 
seeking green solutions in Seattle through studio work on long-term planning 
projects (http://greenfutures.washington.edu). 
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Figure 4 Example student project work from the Green Futures Lab (http://greenfutures.washington.edu) 

 
University of New Hampshire: presenting the evidence 
 
At the University of New Hampshire’s Stormwater Center, students and faculty are 
pioneering research to evaluate cold-weather infrastructure designs ranging from 
LID strategies to more highly engineered alternatives to conveyance systems. 
Their research includes a field research site examining performance of several side 
by side technologies for treating a heavy-traffic, highly impervious parking area, 
allowing for active comparison of conventional, structural, and LID treatments (UNH 
Stormwater Center, 2012).  
 

 
Figure 5 UNH Stormwater Center BMP Performance Monitoring Site (http://ciceet.unh.edu) 
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Orr (2002; Cited in Osmond et al., 2013, p. 7) suggests that “no institution in modern society is 
better situated and more obligated to facilitate a transition to a sustainable future than colleges 
and universities.”  Campuses can play a multifunctional role in sustainable development both on 
and off campus. As research institutions, universities are catalysts for innovation, introducing new 
technologies and frameworks through which sustainability can be advanced. Additionally, 
universities are largely responsible for training the next generation of leaders, who will largely be 
grappling new and complex environmental challenges. Moreover, campuses are well poised to 
connect to the larger community, disseminating innovative technologies and concepts. Finally, by 
integrating sustainability concepts with campus operations, campuses can serve as testing 
grounds or living laboratories for evolving sustainability paradigms.  
 
 

2. University of Wisconsin Campus Context 
 
2.1 Campus sustainability 
 
The University of Wisconsin-Madison campus could be at the cutting edge of developing, 
implementing, evaluating, and communicating new water sustainability solutions. Although our 
Capital Region has abundant water resources, our growing communities pose substantial 
challenges to the protection of water resources quality and quantity. The unique physical location 
of the University next to abundant fresh water resources makes this impact tangible to students 
and the campus community at large, and provides ample opportunities to engage directly in the 
solution.  
 
The nature and complexity of water resources management speaks directly to the role of a 
research institution in general and the Wisconsin Idea in particular. The University is in a unique 
position to leverage its intellectual capacity and creativity while presenting new opportunities for 
students to experience the cutting edge of a “greener” future. By leveraging the knowledge and 
enthusiasm of students and faculty alike – and creating interactive learning opportunities across 
campus through green infrastructure -- the university can play a prominent role in physically 
demonstrating innovative solutions to critical sustainable infrastructure challenges. 
 
Campus sustainability also helps the university compete with otherworld-class educational 
institutions. A 2009 Princeton Review survey found that 66% of respondents favored information 
about their schools sustainability policies and initiatives and 24% said it would “strongly” or “very 
much” contribute to their decision as to where to attend (Dautremont-Smith, 2009). In a 2008 
survey conducted by the National Wildlife Federation (McIntosh et al.) exploring the role that 
sustainability plays on university campuses, 42% of responding university administrators believed 
that sustainability programs help recruit students and 69% said that these programs are good for 
public relations.  
 
Despite this, the National Wildlife Federation found that student exposure to sustainability 
concepts in their coursework and education had declined slightly from 2001. Incorporating 
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sustainability puts universities and their graduates at a competitive advantage, demonstrating an 
innovative and future-oriented institution, leadership in the community, prominence as a leader-
generating institution, and as an efficient and beautiful campus environment.  
 
In developing a toolkit to assist campuses in implementing sustainability, the United Nations 
Environmental Programme (UNEP) developed a definition of campus sustainability based on the 
three legged stool approach of environment, economy, and socio-cultural systems. This definition 
includes (Osmond et al., 2013, pg. 7): 
 

• articulation of social, ethical and environmental responsibility in the institutions vision, 
mission and governance 

• integration of sustainability across curriculum 
• dedicated research on sustainability topics 
• outreach and service to the wider community 
• campus planning, design and development to achieve structural sustainability goals such 

as net zero carbon/water/waste and to become a regenerative force in local bioregion 
• physical operations and maintenance displays monitoring, reporting and continual 

improvement to achieve beyond zero environmental goals 
• policies fostering equity, diversity, and quality of life for students, staff, and the broader 

community within which the university is based 
• treating the campus as living laboratory in which students engage directly with and alter 

the learning environment 
• developing frameworks to support coordination nationally and internationally 

 
It is through this lens of campus sustainability that the role of green infrastructure can be 
evaluated for the University of Wisconsin-Madison campus.  
 

2.2 Institutional context 
 
While the benefits of green infrastructure are increasingly recognized, the process of fully 
implementing emerging technologies can be slow and sometimes met with resistance. Many of 
the cities that have been able to achieve widespread implementation, such as Philadelphia and 
Portland, have done so only after failing to meet water quality standards and then negotiating 
consent decrees from the EPA.  One of the remaining challenges is how to systematically and 
consistently make green infrastructure part of the development and redevelopment paradigm.   
 
In a recent article, Kiparsky et 
al. (2013) explain the slow 
adoption of new technologies 
in urban water systems. A 
partial explanation emerges 
from a conceptual model first 
outlined in the 1960s (Rogers, 
1962). New technology is first 
adopted by a small handful of 
“innovators” who are assuming 
risk, followed by an increasing 
number of “early adopters” and 

Figure 6 Diffusion of innovation curve (http://sphweb.bumc.bu.edu). 
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then acceptance by an “early majority.” The number of new adopters then declines over time, with 
a small number lagging behind and holding onto old technologies.  
  
Urban water systems face additional challenges that cannot be fully explained by this conceptual 
model. One of these challenges is path dependency, or inertia (Kiparsky et al. 2013). Water 
infrastructure systems are built to last a long time, and there are substantial “sunk costs” 
associated with this infrastructure.  It can therefore be difficult to introduce innovative systems that 
must function in conjunction with, and as a complement to, existing systems – even when 
communities are receptive to the newer, more sustainable approach.  
 
These long time frames also create slow transitions between technologies, resulting in a system 
that has never fully responded to the shifting paradigms of culture, especially in terms of attitudes 
towards environmental performance. A good example of this is the challenge many larger, older 
cities have with combined sewer overflows. Combined sewer systems were 
introduced at the beginning of the 20th century in urban areas as an alternative to open sewer 
ditches and long before there was concern about the pollutants this mix of sewage and 
stormwater would produce (Reese, 2001).  This paradigm did not last long, and by the end of 
WWII, with the advent of rapid suburban growth, stormwater and wastewater were conveyed in 
separate systems. However, this 40-year pre-war period was enough time for combined sewer 
systems to be built in major cities across the U.S., including New York, Chicago and Seattle. 
The combined sewer overflows – which send raw sewage and pollutant-laden stormwater directly 
into receiving water bodies – create problems that persist to this day, but only a very small 
number of combined systems have actually been replaced with separate systems. 
 
Another major implementation barrier is risk aversion by decision makers in considering new 
technologies or institutions with sometimes-uncertain outcomes. Most urban waterways are 
subject to Federal water quality standards and impaired waterways must further limit inputs
through TMDL programs. TMDL (Total Maximum Daily Loads) are established for waterways that 
show impairment from many potential pollutants including nutrients, pathogens, sediment, 
chloride, and more. TMDLs establish maximum levels of pollutants that the water body can 
receive. Since 2011, the EPA has promoted more state control in TMDL programs as a reflection 
of the diffuse nature of many of the pollutant issues that persist, especially in developed 
watersheds  (http://water.epa.gov/lawsregs/lawsguidance/cwa/tmdl/).  The new program 
counters a “one size fits all” approach and allows for more flexibility in meeting local conditions. 
 
 
Being held to strict water quality standards makes it important that stormwater infrastructure 
improvements be evaluated based on their ability to achieve the required reductions. While 
green infrastructure is widely accepted as having a positive impact on water quality, in many 
cases the impact is difficult to directly quantify. Despite substantial performance testing, at best 
the reduction potential can be presented as a range, and one that is largely dependent on storm 
length and intensity. Furthermore, performance depends largely on construction and 
maintenance, and thus infrastructure planning should consider initial as well long-term costs and 
benefits. 
 
The Environmental Protection Agency has taken action to allow for expanded use of green 
infrastructure in municipal stormwater permitting. Using green options requires enforceable 
performance criteria, implementation schedules, monitoring plans and protocols, progress 
tracking and reporting, and operation and maintenance requirements (EPA OW & OECA, 2011). 
They also supply numerous tools to assist in this implementation. Additionally, many cities have 
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shifted their focus to containing the first half-inch of rainwater with their green infrastructure. This 
amount, known as the “first flush”, often contains the most pollutants and thus could result in 
substantial control. 
 
Path dependence and the uncertainty in water quality outcome vis-a-vis federal water quality 
requirements can generate hesitance when municipalities are deciding whether they will 
implement green infrastructure to meet their stormwater control needs. While many cities have 
demonstration projects, the routine maintenance and development of grey infrastructure and 
right of way improvements may continue without utilizing the growing portfolio of best 
management practices. 
 
These factors make public research universities important institutions in the dissemination of 
green infrastructure best practices. Through research, the UW-Madison campus can improve 
understanding of the water quality outcomes of different best management practices. They can 
also refine the design parameters to reduce the uncertainty in the water quality benefits of each 
management practice, ensuring a certain level of water quality benefit from its implementation. 
Finally, they can create demonstration projects that promote the dissemination of emerging 
technologies to a wider spread audience.  
 

2.3 Development history of UW-Madison 
 
The UW-Madison campus provides a snapshot of both its history and its future. This snapshot 
may be grounded in conceptual themes such as leadership and institutional memory, or within 
the built environment. The University of Wisconsin campus provides rich evidence of the history 
and future through its architecture, with a range of styles from the classic façade of Bascom Hall 
(1857) to the brutalist Humanities building (late 1960s) to the newer buildings incorporating green 
technology and representing a yet unnamed architectural style (i.e. the Wisconsin Institute for 
Discovery – 2010) (Feldman, 1997).  
 
From the University’s founding in 1848, Bascom Hill has served as the centerpiece of the 
University’s campus. The original plan showed an early rendition of Bascom Hall (then University 
Hall) and a north and south dorm, which still stand today as North and South Hall. In 1875, the 
university featured a mere nine buildings including a female college, a gymnasium, a farm house, 
and a student club house (fpm-www3.fpm.wisc.edu).  
 
The university continued to grow modestly, adding some iconic buildings such as Science Hall 
(1888), the Red Gym (1894) and the Memorial Union (1928), however the University’s growth 
accelerated rapidly in the post WWII era. A 1941 development plan displays an ambitious idea to 
turn the sparse and almost pastoral campus into the more dense urban campus it is today. By 
1959, a significant portion of the plan had been realized and proposals were now being made for 
developing the medical campus west of Willow Creek. By the mid-1970s, much of today’s density 
had already been achieved. 
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Today, the University faces aging buildings, limited opportunities for outward growth, and a need 
for additional – or at least more flexible - classroom and research space (FP&M, 2005a). The 
substantial building boom that occurred on campus in the post-WWII era has resulted in many 
campus buildings reaching the end of their useful design life. Not only are these buildings not in 
line with current classroom and office space needs, but they are also very costly to heat, cool, 
repair and maintain and not easily modified to modern standards (FP&M, 2005a). However, with 
the campus already essentially built out, making additional and more modernized space involves 
the redevelopment or repurposing of the existing infrastructure.   
 
Substantial change is underway on the University of Wisconsin campus. Some outdated 
buildings have either been replaced or have planned demolition and replacement, making this a 
period of substantial infrastructure overhaul on campus. Almost 300 million dollars in building 
and renovation costs have been identified for the 2013-2015 capital budget, including Phase II of 
Memorial Union ($42.0), an expansion of the chemistry facilities ($103.5), and renovations of the 
Witte and Sellery Residence Halls ($47.0). The campus master plan and other guiding policies 
emphasize the importance of a sustainable campus.  Continuing redevelopment of the campus 
facilities provides substantial opportunities to implement green infrastructure.  
 
 

2.4 Campus planning and management at UW-Madison 
 
There are several documents and policies which influence the planning and development 
process on campus, and in turn will impact the extent to which green stormwater infrastructure is 
incorporated into the process. These are as follows: 

Campus Planning Stormwater Policy 
 
The function of the Campus Planning Committee is to “advise the chancellor on long-range 
development plans, building priorities site selection, and aesthetic criteria, regarding facilities for 
research, instruction, recreation, parking and transportation, and other university functions.” 
(http://www.secfac.wisc.edu/governance/fpp/Chapter_6.htm#628). 
 
In 2003, the committee adopted a stormwater policy that requires the amount of runoff on newly 
developed and redeveloped areas be no greater than that which would occur under native 
conditions (CSP, 2003). In the case that this goal could not be achieved on site, the committee 
recommended that the infiltration be offset by implementing practices elsewhere on campus. 
This policy was meant to not only reduce the University’s impact on the Yahara Lakes, but also 
provide leadership in the region in order to perpetuate these best practices. 
 
Stormwater management improvements made under this policy are funded through construction 
costs with all major building projects (FP&M, 2005b). While this ensures capital for these 
improvements, it does limit funding streams for smaller retrofit projects that do not qualify as 
major building projects or that are not in any way part of building project improvements. 
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In practice, this policy is implemented during the project design phase. Once the project 
architects have been hired by the Department of Administration Division of Facilities 
Development, they are made aware of this policy and asked to follow it to the maximum extent 
possible (Brown, personal communication). The extent to which this policy is achieved is 
dependent on local drainage conditions (e.g., soil type and direction of flow once the water is 
infiltrated) and building conditions and density. For example, the eastern area of campus has not 
had substantial BMP development due to its high build out, although the Memorial Union/Alumni 
Park retrofit will incorporate several cutting-edge GI elements. 
 
While some best management practices have been monitored for their performance, major 
stormwater projects are not routinely monitored for their ability to achieve the campus stormwater 
policy. Additionally, the offset portion of the policy - that a project that cannot  achieve the pre-
drainage standard will implement practices off-site - does not seem to be strictly followed. 
Although the program has improved stormwater treatment in some areas of campus, its direct 
effects remain unknown. 
 

Campus Stormwater Management Plan 
 
The Campus Stormwater Management Plan (CSM) was completed in 2005 to guide stormwater 
best management practices on campus. It built on extensive research and recommendations 
carried out in a 2003 Water Resource Management (WRM) graduate program practicum which 
reviewed campus regulations, analyzed the quality and quantity of stormwater on campus, and 
made recommendations as to best management practices on campus. A subgroup of that 
practicum then developed the contents of the original report into specific recommendations for 
campus best management practices and policies. The report also incorporates specific cost 
estimates for recommended BMPs. 
 
The WRM report was not formally adopted by campus and as such, if their recommendations 
have been implemented, there has not been any formal tracking of these improvements.  
 

2005 Campus Master Plan 
 
The campus master plan is the guiding document for all development and redevelopment on   
UW Campus. Completed in 2005, the plan evaluates building and development potential across 
campus and portrays a build out scenario for all potential campus development. The build-out 
scenario represents the general layout potential such as size, setbacks and open space, serving 
as a road map for future development (Brown, personal communication). The master plan  
serves as a basis for planning and prioritizing development across campus. 
 
In addition to the build-out scenarios, the plan presents both planning principles and goals that 
shape development of the campus. The planning principles are general concepts that guide   
both the process and eventually the outcome. These principals are then applied to more specific 
goals relating to sustainability; community, academic, & research connections; student life; 
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buildings and design guidelines; open space; and transportation and utilities. These planning 
principals include (pg. 6): 
 

• Capitalizing on and preserving the spectacular setting 
• Enhancing the experience of both historic and open space to promote academic and 

social growth 
• Protecting the environment through sensitive land protection and sustainable building 
• Developing quality connections between campus buildings and to the off campus 

community 
• Aesthetically defining the edges and boundaries of campus while also enhancing 

connections to the off campus community 
• Enhancing connections to the region and support local and regional planning efforts 

 
 
The main themes that emerge from the campus master plan include connectivity, legibility, 
environmental sustainability, and transferability (between social, academic, and community 
environments). While the campus master plan does not go so far as to make specific 
recommendations in the realm of open space and green infrastructure planning (nor would any 
plan of this type), it is important to note the connection between campus sustainability generally 
(section 2.1, this report), UW’s master plan, and the outcomes of benefits of green infrastructure. 
 
 

Wisconsin Pollutant Discharge Elimination System Permit 
 
The University of Wisconsin Madison is one of 21 municipalities participating in the Madison 
Area Municipal Stormwater Partnership. These municipalities work together on one MS4 permit. 
This arrangement requires that each participating entity achieve the requirements of the MS4 
permits (see below), and also carries the benefit of pooled resources to achieve the public 
involvement and outreach requirements. The co-permittees are required to meet regularly and 
submit paperwork showing the extent of their participation and efforts. 
 
Requirements of the Wisconsin MS4 program include: 

• Public education and outreach 
• Public involvement and participation 
• Illicit discharge detection and elimination 
• Construction site pollutant control 
• Post-construction stormwater management 
• Pollutant prevention practices for the municipality 
• Developed urbanized area standard for TSS removal (DNR required a 40% reduction 

from baseline by 2013) 
• Storm sewer system maps 
• Planning for reducing pollutants to listed impaired waters 
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Campus design guidelines 
 
The Campus Design Guidelines (2010) were drafted by UW-Madison’s Capital Planning and 
Development Department to preserve and enhance the public’s experience of place on the 
University of Wisconsin’s campus. The plan defines the role of the designer within the campus as 
creating buildings and landscapes that are functional, sustainable and aesthetically pleasing (pg. 
22). The designer is also tasked with weaving new buildings and landscapes into the existing 
campus (pg. 22). As such, the campus design guidelines are meant to incrementally improve the 
campus aesthetics and connectivity by building on the existing layout features. 
 
The design guidelines layout the campus into 11 design neighborhoods and defines the 
character, buildings, exterior spaces, predominant building materials and issues and 
opportunities. Within each neighborhood, the intention is to use these neighborhoods to guide 
design to maintain the distinct character of these neighborhoods and enhance the spaces. 
 
While the use of green infrastructure is not explicitly incorporated into the design guidelines, the 
emphasis on both sustainability and creating quality and unifying public space fits well into the 
green infrastructure framework. 

3. Campus Stormwater Management Infrastructure 
 
The infrastructure system on campus can itself provide substantial insight into both the campus 
history and the values driving into its future. These systems reflect both the available technology 
and the attitude towards that particular public service at the time they were built. And, like other 
aspects of the built environment, the change in technology and attitudes over time is not 
immediately nor completely represented in the state of that infrastructure at any given moment in 
time. For example, though roadway planners increasingly recognize that wide curvilinear streets 
in suburban neighborhoods encourage people to drive fast, this has a greater effect on new 
streets being built than on changing the streets built within that paradigm. 
 
The stormwater management infrastructure on UW Madison’s campus represents a range of 
technologies and approaches. Best practices in stormwater have undergone many 
transformations through history (see, for example, Andy Reese’s article “Stormwater Paradigms”, 
2004). The most predominant shift has been from an emphasis on moving water efficiently 
through the landscape and from a catchment to one that focuses on reducing peak flows, 
volume, and pollutants leaving these catchments. While campus stormwater policy has 
embraced the latter shift towards “green” stormwater practices, the legacy of more than a century 
of campus development continues to negatively impact water quality from the stormwater 
infrastructure. As such, this document will provide an inventory of current practices on campus – 
both good and bad – in order to contextualize changes we recommend in on campus practices. 
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3.1 Physical Analysis of the UW-Madison Campus 
 
The University of Wisconsin-Madison campus is composed of approximately 35 directly 
connected storm-sewersheds or drainagesheds. This number omits several large disconnected 
areas that either drain directly to the lake through overland flow or into a disconnected green 
infrastructure facility (as is the case for lot 60 on west campus). There may also be smaller roof 
areas that are directly connected to a storm drain that were unable to be classified, though a vast 
majority of outfalls identified in the campus planning dataset were attributed to some drainage 
area. 
 
As a whole, drainagesheds on campus are highly impervious. The average impervious surface 
ratio, based on roadways, pedestrian right of way, and building footprints and omitting lawn 
areas, gardens, and green infrastructure is .66, or 66% impervious. Many of the smaller 
drainagesheds have the highest impervious ratios, as they may have an outfall dedicated to a 
single parking lot, rooftop, or cluster of buildings and roadways. 
 
While in general the campus is conceptualized as urban in the eastern portion then becoming 
gradually less dense as you move west, the actual impervious ratios remain high throughout the 
campus with one exception: the lowest impervious ratio of any drainageshed is 0.5. The western 
portion of campus contains more areas disconnected from stormwater pipes, generating more 
potential infiltration opportunities, however much of the impervious area in this part of campus 
remains directly connected, perpetuating pollutant concerns. 
 
While substantial areas are preserved along the Lakeshore Path and into the Nature Preserve, 
generating significant ecosystem services, areas of campus that are built up are currently 
developed in such as way as to essentially maximize pollutant transfer through high levels of 
impervious surfaces and connectivity through right of way and channelization of water pathways. 
The University of Wisconsin has, both historically and presently, been a leader in environmental 
education and research. However, the campus is in the early stages of implementing principles 
of urban sustainability. Green infrastructure, through its multifunctionality and visibility, provides 
an opportunity to recreate a campus landscape that generates a diverse set of ecosystem 
services.



 
 

 
 
 
 
 

 
Figure 7 Drainageshed map of UW campus (Graphic by Anna Brown) 



 
 

 
 
 
 
 

 
Infrastructure design legacies that exacerbate runoff problems and, therefore, warrant intervention to improve stormwater 
performance on campus include the following. 

Compacted Ammenity 
Trees 

Concrete Channels Underutilized 
Impervious Space 

Directly Connected 
Downspouts 

    
Some of the trees around campus – 
primarily those in street rights of way 
– exhibit signs of insufficient care 
and improper planting. Detrimental 
growing conditions for trees include 
soil compaction from foot traffic, 
insufficient spacing for root growth, 
broken branches, and trunk injuries 
from bikes and maintenance 
equipment. A significant area of 
campus is dedicated to streetscapes, 
and properly planted trees present a 
significant opportunity to improve the 
performance and aesthetics of the 
pedestrian environment. 

Concrete drainage channels are 
abundant across campus. 
Frequently along pathways, they are 
used to direct stormwater at a 
drainage divide, connect otherwise 
disconnected impervious surfaces, 
and carry overland flow directly into 
the sub-surface pipe system. 
Concrete Channels promote rapid 
conveyance of both stormwater and 
any pollutants or leaf litter it comes 
across in its pathway 

Underutilized impervious spaces 
are neither gathering spaces nor 
major rights of way, though at 
times they may serve either 
purpose. They tend to be highly 
impervious and either contain 
drain inlets or are directly 
connected to proximate ones. 
Their abundance on campus 
reflects an obsolete paradigm that 
results in excessive concrete 
surfaces directly connected to the 
stormwater system and in high 
impervious surface ratios in many 
campus catchments (averaging 
66%). 

There are two types of directly 
connected downspouts on campus: 
downspouts that direct rain water 
from building roofs into stormwater 
pipes and those that are, in effect, 
directly connected due to impervious 
paving between the downspout and 
a drain inlet. While the rainwater 
carried through these downspouts 
has less of a chance to come into 
contact with pollutants, they 
represent significant volume inputs 
to the storm system. 
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3.2 Storm Water Sampling and Analysis Methods  
 
Water samples taken at several of the outfalls throughout the course of this research provide further 
evidence of the impact of high levels of DCIA. A discussion of the results follows, with detailed results 
found in Appendix 2. 
  

Sampling Locations and Methods 
 
Water samples were collected from several stormwater discharge points along the shore of Lake Mendota 
during the Fall of 2013 and Spring of 2014.  Samples were collected directly from the stormwater 
discharge into acid-washed, polyethylene plastic bottles. Samples were stored at 5 oC until analysis was 
completed. Discharge locations are numbered according to Figure 4. 
On November 6, 2013, locations 6, 12, 14, 15, 17, 18, 23, 24, and 25 were sampled. On 
February 20, 2014, locations 6, 12, 14, 18, and 25 were sampled. On March 7, 2014, locations 
6, 12, 15, 18 and 25 were sampled. On March 27, 2014, samples were collected from location 
12,14,15, and 18. The sample denoted “road” collected on February 20, 2014 was collected from runoff 
from Park Street as it entered Lake Mendota in front of the Water Science Engineering Laboratory.  
Detailed weather conditions and analytical methods are available in Appendix 1. 
 

Water Quality Results 
 
Water quality parameters are summarized in Appendix 1. An excellent proxy for many water quality 
parameters is total suspended solids (TSS) (Figure 1). In general, stormwater from the sewersheds with 
the highest impervious surface ratio (e.g., 6, 12 &18) had higher amounts of TSS (Figure 1). This also 
holds true for other potential contaminants including metals and metalloids (e.g., Zn, Ba, Se, K and As) 
and anions  (e.g., Cl-, SO4

2- and NO3
-). 
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3.3 Existing Green Infrastructure on Campus 
  

Green Roofs 
 
The 2005 Campus Master Plan has made a clear impact on campus sustainability in the design and 
construction of green buildings. Seven of the major construction projects completed in the last nine years 
have achieved LEED (Leadership in Energy and Environmental Design) certification, and seven are 
currently on course to do so (http://www.cpd.fpm.wisc.edu/Sustainability.htm).  
 
The commitment to green building has led to the installation of 12 green roofs since 2005, totaling 112,000 
square feet, with two additional roofs in progress. While the campus has engaged in using green roofs, all 
attempts should be made to cover a greater percentage of the roof for these to be effective.  Small postage 
stamp areas of green roofs provide very little benefit. 
 
Green roofs have become a widely utilized and recognizable green building technique. While there are a 
variety of designs and types now available, the basic design consists of a waterproof layer, a growing 
medium and vegetation placed on top of an existing roof (NPDES, 2012). They are especially useful in 
highly urbanized or built-out areas, as they can have significant environmental benefits without taking up 
any additional land (NPDES, 2012).
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Figure 8: TSS in stormwater samples from representative sewersheds. Columns without 
data were not analyzed on those dates. 
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Design 
 
There are a wide variety green roof designs, ranging from low-depth drought resistant plants to 
rooftops adapted for urban agriculture (greenroofs.org). There are also numerous products now 
available for purchase that make green roof 
implementation easy, including modular 
units and precultivated vegetation blankets 
(Oberdorner 2007). Typically, green roofs 
are classified as either extensive or 
intensive. Extensive green roofs have a 
shallower soil medium, usually less than 6 
inches, whereas intensive designs have soil 
depths greater than six inches (CNT, 2010). 
While both are effective for both stormwater 
management and the co-benefits 
associated with green roofs, extensive roofs 
typically require less maintenance and are 
not designed for public access (NPDES, 

2012).  
 
The main determinants of whether green roofs are appropriate are the building roof’s weight 
bearing capacity and the roof slope. The roof structure must be able to bear the weight of the roof 
under saturated conditions. New buildings can be designed to bear the load, but in the case of 
stormwater retrofits the weight bearing capacity may be a limiting factor. Green roofs are typically 
recommended only for roof slopes of 0 to 40 degrees (NPDES, 2012). 
 
Plant species selection is also an important design consideration. Rooftops can be very harsh 
environments for plants, with high wind speeds, direct sunlight, often-elevated temperatures, and 
drought-like conditions (Oberdorner, 2007). As such, green roofs need to be either planted with 
vegetation resistant to these conditions or incorporate an irrigation system (Oberdorner, 2007: 
NPDES Menu). Even if resistant plants are used, irrigation and fertilization may be necessary at 
first to get the vegetation established (NPDES, 2012). The shock of harsh conditions can also be 
mitigated by using a diversity of species to increase resilience (Oberdorner, 2007). This will also 
improve the performance of the green roof as a habitat, subsequently increasing urban biodiversity 
(Oberdorner, 2007). 
 
Stormwater Benefits and Performance 
  
Green roofs can provide substantial stormwater retention benefits. Studies have shown retention 
rates between 40 and 100%, with extensive roofs able to absorb and retain approximately 2 
inches of rainfall and intensive 4 inches (NPDES, 2012). Water stored in the soil profile is then 
utilized by plants and released through evapotranspiration, making green roofs a stormwater 
retention structure (Oberdorner, 2007). Therefore, green roofs can reduce both the peak and total 
volume of stormwater runoff, and also slow the release of the runoff. 

Figure 9 University Square green roof 
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The impact of green roofs on water quality are somewhat mixed. While some report high 
pollutant capture from stormwater (Foster, 2011), other research suggests a net release of some 
nutrients, especially nitrogen (NPDES, 2012). This is mainly a result of leaking from the 
substrate, and research is currently underway on growing media that may reduce this process 
(Oberdorner, 2007). Choosing plants that do not require fertilization and that maximize nutrient 
uptake may also mitigate this impact (Oberdorner, 2007). 
 

Bioretention 
 
The campus master plan has also led to the development of bioretention facilities across 
campus. Of the 35 projects implemented since 2005 that have utilized some stormwater best 
management practices, 17 have included or will include some sort of bioretention facility, 
resulting in a total of 315,000 square feet of bioretention area. It is important to note that a 
significant amount of this total area is the result of two major bioretention projects on west 
campus, with 147,000 square feet of swales along University Bay Drive and the bike path and 
100,000 square feet of bioswales along the playing fields on the western side of Willow Creek. 
The remainder of the bioswale area consists of smaller, more decentralized facilities, though a 
majority fall on the western edge of campus.  

 
Bioretention has a range of stormwater 
applications. A basic bioretention basin is 
a depression into which stormwater is 
channeled where it will undergo biotic 
treatment. Depending on the design, a 
bioretention facility may serve as a 
retention facility - infiltrating some of the 
stormwater into the soil profile - or a 
detention facility - holding back peak flows 
from the storm system but not actually 
decreasing the volume of runoff. 
 
It is important to note that in some cases 
bioretention refers to a more specific BMP 
consisting of vegetated area with growing 
media over a sand layer. For the 
purposes of this report, bioretention is the 

more general umbrella concept.  
 
Design 
 
There are several designs and BMP types that fall under the general umbrella of bioretention. In 
general, bioretention BMPs can be classified as follows: 

Figure 10 Recently planted bioretention cells outside of a 
Lakeshore Residence Hall 
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• Rain gardens are the least structural of this BMP type and are often found in residential 
areas with well-drained soil. Stormwater may be diverted from a downspout into the 
garden where it will be encouraged to infiltrate directly into the soil. On campus, a version 
of these can be found in the lawn area by Dejope residence hall. 

• Swales are broad, shallow channels that replace curb and gutter systems along gentle 
slopes. While check dams are sometimes employed, they are generally not very 
engineered and are appropriate where space allows (EPA, 1999). UW is applying these 
as part of the West Campus stormwater project. 

• Bioswales are more appropriate in denser urban areas. They are often more highly 
engineered, with features including engineered soil mediums to ensure efficient 
infiltration, especially in sites with compacted or clayey soils (NYC, 2005) and an overflow 
structure that connects the swale to the storm system during large storm events. Soils 
with lower infiltration capacity may employ an underdrain, a perforated pipe that receives 
infiltrating water and connects it to a storm system (USEPA 2012, NYC 2005). Check 
dams can also be employed in areas with greater than 5% slope or where additional 
ponding time is desired (NYC, 2005). Campus does not currently have any examples of 
bioswales. 

• A bioswale employed on an even smaller scale may sometimes be called a stormwater 
planter or a flow-through planter, though this distinction is quite minor. 

 
An important purpose of bioretention facilities is to disconnect areas that typically convey 
stormwater directly into the gray system and allow it to slow, infiltrate and undergo treatment. 
Some common locations of bioretention facilities are along roadways and parking areas, in 
median strips, and at downspout outfalls. Bioretention can be applied directly in the right of way 
using curb bump-outs and extensions. Small-scale bioretention facilities can be scaled up by 
introducing multiple facilities along impervious surface areas.  
 
 
Stormwater Benefits and Performance 
 
Although the impact of bioretention facilities is highly dependent upon design and local 
conditions, these types of facilities have proven to be quite effective at managing a range of 
stormwater volume and pollution controls. One of the main mechanisms in which bioretention 
facilities improve water quality is by slowing the rate of stormwater flow through the landscape. 
This not only reduces peak flow volume and timing, but also allows sediment to settle out, 
reducing the amount of sediment-bound pollutants entering waterways. The UNH Stormwater 
Center field research site has observed the following pollutant efficiency rates (UNH, 2012): 

• 80-100% total suspended solids 
• 65-100% of petroleum hydrocarbons 
• 70-100% of zinc 
• 10-85% of total nitrogen (EPA reports are median of 38%) 
• 20-35% of total phosphorus (EPA reports are notably lower at 9%)  
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Pretreatment is highly recommended to improve bioretention performance, and can be as simple 
as a small grass swale or filter strip that allows some initial velocity reduced and particulate 
removal (NPDES, 2012, NYC 2005).  
 
Where soil conditions allow, bioretention facilities can be quite effective at reducing storm volume 
by infiltrating it directly into the groundwater table. The UNH stormwater center test site observed 
average volume reduction of 70% (UNH, 2012). In clayey soil conditions or shallow water tables, 
underdrains should be employed instead (NPDES, 2012). This will still generate pollutant 
reduction and peak flow reduction benefits but will not change the volume entering the receiving 
waterway.  
 
 

Porous Pavement 
 
To date, there is approximately 24,000 square feet of porous pavement on campus, 
approximately 0.5 acres, over half of which can be found in Lot 34 on near the lakeshore 
residence halls. To put this in perspective, campus had 98 acres of surface parking alone at the 
time of the last master plan completion (FP&M, 2005b). While porous pavements have been 
used in some of the recent construction and renovation projects, including Nancy Nichols Hall 
and the Carson Gully commons renovations, there are barriers to overcome in its widespread 
implementation, mainly the perception that porous materials are difficult to maintain (Gary Brown, 

personal communication).  
 
Porous pavement has great potential in addressing 
stormwater challenges as it directly transforms the source of 
the problem – impervious surfaces – into a best management 
practice. Porous pavements are similar to conventional 
pavements but without the sand and fines in the mixture, 
leaving 15 to 30% void space (USEPA menu). This permeable 
layer is then placed over an aggregate bed of course stone, 
creating a storage space as water infiltrates. Depending on 
the soil structure below, the design may also include an 
underdrain.  
 
Design 
 
Porous pavements come in two varieties – porous asphalt and 

porous concrete. Both are conceptually similar, with the 
defining factor being that asphalt uses an oil based adhesive 
(boilingconcrete.com). Both are effective at achieving water 
quality benefits, though the UNH test site found slightly higher 

performance of porous asphalt (UNH 2012). Another permeable option are interlocking pavers. 
Interlocking pavers are made up of impervious units. When laid, there are openings of 

Figure 11 Bike racks are set on 
porous pavement outside a 
Lakeshore Residence Hall 
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approximately 5-15% void space between which is filled with a highly permeable aggregate 
(Figure 4) (NPDES 2012). 

 
Figure 12 Porous pavement design specs 

 
Porous pavements can be applied in areas of pedestrian and vehicular traffic, but should be 
avoided in high speed/ high volume roadways due to potential compaction (NPDES, 2012). It is 
applied frequently in pedestrian and parking areas. There has been concern that over time fine 
sediments may clog the porous spaces, but studies have shown that even with clogging, 
infiltration rates tend to steady over time and maintain rates well over 1 inch per hour (NPDES, 
2012). Infiltration rates can be maintained through regular vacuuming.  
 
Stormwater Benefits and Performance 
 
Porous pavements have proven very effective at stormwater volume and pollutant control, as 
summarized in tables 3 and 4 from the EPA’s Menu of Stormwater best management practices. 
The extent to which the water quality parameters can be achieved differs according to underlying 
soil. Sandy soils provide more infiltration but have less treatment capacity whereas clay soils 
have higher cation exchange but less infiltration capacity (NPDES, 2012). The aggregate layer 
also plays a role in treatment by slowing the flow and allowing sedimentation to occur (NPDES, 
2012). 
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Table 3 Volume retention of permeable pavements 

 
 
 



 
 

 
 
 
 
 
 
 
 

GREEN INFRASTRUCTURE FOR STORMWATER MANAGEMENT! 36!

Table 4 Monitored pollutant removals of permeable pavement (EPA Menu of BMPs) 

 
 

4. Campus Planning and Policy Recommendations 
 
 

4.1 Design Opportunities 
 
The UW Campus continues to implement the aforementioned BMPs in new construction 
projects. As development continues across campus, Facilities Planning and Management should 
continue to expand these BMPs where possible. While these BMPs will lead to improved 
stormwater management on campus, there remain additional management opportunities that 
campus can add to its sustainability toolkit.  
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Stormwater Trees 
 
The University of Wisconsin campus provides many scenic areas of tree cover. The Lakeshore 
Nature Preserve provides recreational and educational opportunities for students, staff, faculty, 
and community members. It is a true asset on campus, connecting us to foundational historical 
figures including John Muir, who once lived beside it, and Aldo Leopold who used it as an 
outdoor classroom (http://lakeshorepreserve.wisc.edu/). It continues to provide respite for 
students as well as learning opportunities in ecology, soil science and natural history, just to 
name a few. Furthermore, its role in preserving the native ecology and providing a buffer along 
Mendota cannot be underplayed. Its mission statement reads: 
 

The University of Wisconsin-Madison Lakeshore Nature Preserve permanently 
protects the undeveloped lands along the shore of Lake Mendota where members 
of the campus community have long experienced the intellectual and aesthetic 
benefits of interacting with the natural world. 
 
The Preserve shelters biologically significant plant and animal communities for 
teaching, research, outreach, and 
environmentally sensitive use, and 
safeguards beloved cultural 
landscapes.  
 
The Preserve is as essential to the 
university as its lecture halls, 
laboratories, and playing fields. It 
contributes to a powerful sense of 
place and fosters an ethic of 
stewardship to promote mutually 
beneficial relationships between 
humans and the rest of nature. 
 

The environmental ethic to which the 
University has committed is often 
expressed through the significance of the 
Lakeshore Preserve and the benefits of 
such an asset in the center of campus are 
undeniable. However, much of the 
stormwater and associated pollutants and 
hydrologic issues bypass this resource 
when it enters the storm system. While 
the campus does utilize street trees in the 
main academic areas, in many cases they 
have been planted without sufficient growing medium resulting in stunted growth and unhealthy 
canopies, limiting their ability to bring the natural benefit of tree cover to the rest of campus and 
improve stormwater on site.  

Figure 13 Role of street trees in stormwater 
management (USEPA OWOW, 2013)%



 
 

 
 
 
 
 
 
 
 

GREEN INFRASTRUCTURE FOR STORMWATER MANAGEMENT! 38!

 
Urban tree cover, when properly planted, can provide a substantial environmental and aesthetic 
benefit that is currently largely untapped in the majority of campus. Healthy urban trees assist in 
stormwater management through (Figure 5) (USEPA OWOW, 2013): 

• Interception – Leaves, branches and even the trunk intercept and absorb rainfall, 
delaying and reducing volume in peak flows 

• Transpiration – Tree roots draw water from the soil to use in photosynthesis and release 
it into the air 

• Phytoremediation - trees take up trace amounts of harmful chemicals and transform into 
less harmful substances 

• Improve soil conditions by reducing velocity of rainfall and therefore erosion 
• Root growth and decomposition of matter increase soil infiltration  

These benefits can be achieving with any properly planted street tree, however there are 
engineered solutions to maximize urban tree growth and subsequent environmental benefits.  
 
 
Design 
 

The determining factors in effective tree planting to 
maximize stormwater and other environmental 
benefits are space, soil, and drainage and 
irrigation (USEPA OWOW, 2013). Common 
mistakes in tree planting include compacted soil, 
small tree pit sizes, lack of sufficient soil for root 
growth, and impervious surfaces directly over tree 
roots (USEPA OWOW, 2013). In urban settings, 
these barriers may be hard to overcome due to 
lack of space in right of way areas, and as such 
there are engineered solutions that can improve 
the effectiveness of urban trees in stormwater 
management. These include: 

• Structural cells  - maintain integrity of soil 
under the pavement 

• Structural soil - highly engineered soil 
under the pavement - usually 70-80% gravel and 
the rest clay loam soil  

• Stormwater tree pits - similar to traditional 
pits but created to be connected to each other to 
provide more growing capacity and create a 
interconnected treatment system 
Permeable pavement and gutter systems can be 
used in conjunction with these BMPs to channel 
water into these systems.  
 
 

Figure 14 Stormwater street tree enhancements 
(EPA OWOW, 2013)%
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Stormwater Benefits and Performance 
 
The performance of urban trees in managing peak flow and volume reduction is dependent on 
tree size and effective planting. McPherson et al (2006) estimate that in the Midwest region, one 
tree can intercept then evaporate 292 gallons for a small tree, 1,129 gallons for a medium size 
tree, and 2,162 gallons for a large tree annually. 
 
A University of New Hampshire study examining the performance of one manufactured 
stormwater tree system found it to be quite effective at improving water quality as well. 
Comparing two systems they found the following (2012): 

• 80 to 90% removal efficiency of TSS 
• 60 to 75% for total petroleum hydrocarbons 
• over 85% for Zinc 

Results were more variable for nutrient reduction, with low removal efficiencies for nitrogen and 
50% efficiency for phosphorus. Researchers speculate that the low removal rates for nitrogen 
were due to very high infiltration capacity, exceeding 120 in/hr (UNH 2012).  
 
To assist communities in evaluating the benefits of their urban forests the USDA has developed 
a program called i-Tree, a tool that quantifies the ecosystem services trees provide. The table 
below summarized the potential economic and stormwater benefit of urban forests across the 
country (USEPA OWOW, 2013):  
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Table 5 i-Tree estimated benefits of urban street trees 

 
 

Green Streets and Parking 
 
A substantial amount of impervious surface coverage is dedicated to vehicular transportation. 
Over 10% of the campus area is surface parking, and campus has over 14 miles of streetscapes 
(FP&M, 2012). Most of these right of way areas are connected directly to the storm system 
through curb and gutter systems, creating a direct pathway for pollutants entering the waterway.  
 
Green streets and parking bring together several best management practices to turn right of way 
areas into stormwater assets. Common green street features include curb extensions, sidewalk 
planters, landscaped mediums, vegetated swales, permeable pavements and street trees (EPA, 
ARRA 2009). Not only can these work to improve the quality and quantity of stormwater runoff, 
but also improve the campus streetscape, a need identified in the 2005 master plan: 
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The other problem besetting pedestrians accessing the campus is the relatively 
bleak streetscape along certain streets. Closely related to the campus concern for 
quality open space and landscape, the lack of street trees, terraces, and other 
amenities along much of University Avenue, West Johnson Street, Charter Street, 
Highland Avenue, and other major roadway entrances to the campus leaves the 
pedestrian in a hard and uninviting environment. Moreover, in some cases, 
including on University Avenue, the absence of street trees creates a lack of 
“verticality” along the street and encourages faster vehicular speeds, creating 
dangerous conditions for the pedestrians that must cross those streets (FP&M, 
2005b, pg. 45). 

 
 
Design 
 
One of the main benefits of green streets is that they lack uniform design and can be catered 
towards spatial availability. Prominent examples of green streets include: 
 
Green Alley Program – Chicago, Illinois 
 
Chicago has approximately 1,900 miles of public alleys, resulting in approximately 3,500 acres of 
impermeable surfaces. The main focus of the program is to convert these to hydrologic assets by 
implementing permeable pavements throughout the cities alleys. In order to leverage the benefit 
completely, the city has also developed a series of recommendations for adjacent properties 
including disconnecting downspouts and planting rain gardens.  
 

Figure 15 A before and after of a green alley improvement project in Chicago (Daley, 2010) 
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Portland Green Streets 
 
One of the most extensive green streets project currently underway in any US city is Portland, 
Oregon’s Green streets program. The program uses multi-block green infrastructure installations 
to not only manage stormwater and reach compliance with their EPA consent decree, but also 
uses interpretive signage to raise awareness along these routes. Furthermore, many of these 
green streets are strategically placed to provide pedestrian connections to major amenities, such 
as the Willamette River (Portlandoregon.gov\BES). In this way, they are leveraging the 
multifunctionality of green infrastructure to raise awareness and improve urban livability. 
 
Milwaukee Green Streets 
 
The city of Milwaukee, along with the 
Milwaukee Metropolitan Sewerage 
District, has recently committed to 
greatly expanding its use of green 
infrastructure. With a goal of capturing 
the first half inch of rainfall across the 
city, green streets will play a critical role 
in the dense urban downtown areas 
(MMSD regional infrastructure plan). 
This will be partially implemented by 
making green infrastructure cost 
effectiveness analysis a part of all 
roadway improvements projects (CH2M 
Hill, 2013). The progress of green street 
development in the region can be 
followed on the new MapMilwaukee 
Portal, now featuring a green 
infrastructure-planning map 
(maps.miwaukee.gov). 
 
Stormwater Benefits 
 
Green streets utilize a treatment train 
concept and its performance is therefore 
a sum of its parts; the impact on water 

quality and quantity will depend largely 
on the extent of the facility/facilities and 
the technology/technologies used. 
Whether the green street is a singular curb bump-out unit or a multi-block chain of BMPs, green 
streets perform the following urban ecosystem services (Portland, 2007, p. 6); 

• Handles stormwater on site through use of vegetated facilities; 
• Provides water quality benefits and replenishes groundwater (if an infiltration facility); 

Figure 16: A map from the MapMilwaukee Portal highlighting 
green street locations. 



 
 

 
 
 
 
 
 
 
 

GREEN INFRASTRUCTURE FOR STORMWATER MANAGEMENT! 43!

• Creates attractive streetscapes that enhance neighborhood livability by enhancing the 
pedestrian environment and introducing park-like elements into neighborhoods; 

• Meets broader community goals by providing pedestrian and, where appropriate, bicycle 
access; and 

• Serves as an urban greenway segment that connects neighborhoods, parks, recreation 
facilities, schools, main streets, and wildlife habitats. 

 

Stormwater Educational Plaza 
 
A major challenge in incorporating sustainability into higher education is figuring out how to 
bridge campus operations with the educational experience of an institution’s students. Students 
are not simply looking for a campus to practice sustainability, but seek opportunities to engage 
directly in sustainability programs, as reflected in Universities increasingly using their 
sustainability programs as a recruitment tool (National Wildlife Federation, 2008). While 
amenities such as the lakeshore preserve and the arboretum provide opportunities for hands on 
learning, there is little opportunity to engage the urban areas of campus in direct sustainability 
education. In essence, the campus is promoting environmental preservation but has not fully 
engaged students in developing and learning environmental sustainability concepts applicable in 
urban environments.  
 
Portland State University has brought stormwater to the forefront of both the visitor experience to 
campus and their students learning experiences through its implementation of several 
stormwater learning plazas, as outlined in section 1.3 of this report. These landscapes are 
multifunctional in that they not only improve the stormwater management on campus, but also 
provide a demonstrated commitment to sustainability that will assist in campus recruitment and 
provide valuable learning opportunities to students.  
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Figure 17: Summary of Campus stormwater infrastructure strengths, weaknesses and opportunities (Graphic 
by Anna Brown, 2014) 
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4.2 Benefits of Green Infrastructure 
 
The appeal of green infrastructure lies not only in its ability to enhance existing grey 
infrastructure systems by addressing some of the persistent challenges associated with 
conveyance-based systems – high peak flows, volumes, and pollutant loads – but also in its 
associated co-benefits that contribute towards achieving campus sustainability. With these co-
benefits, green infrastructure simultaneously improves overall environmental quality, livability and 
economic outcomes in urban and semi-urban areas. 
 
Figure 7 provides an outline of the many cobenefits and associated metrics that can be achieved 
simultaneously through green infrastructure on campus, with those that relate specifically to the 
campus master planning goals highlighted in red. Elaboration is provided below, with further 
details and specific metrics and resources in Appendix 3.  
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Figure 18: Benefits and potential metrics of green infrastructure (Graphic by Anna Brown, 2014) 

 

Environmental 

Air quality improvement 
 
Because these best management practices rely on vegetation, and in particular increasing 
vegetated areas by replacing pavement, it can capitalize on benefits of vegetation for air quality 
improvements. Vegetation can remove common air pollutants such as nitrogen dioxide, ozone, 
sulfur dioxide and some particulate matter (Detweiler, 2012). Presence of these pollutants has a 
direct impact on public health by triggering asthma, bronchitis, emphysema and other respiratory 
illnesses (Detweiler, 2012). 
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Reduced atmospheric CO2 

 
In addition to sequestration of common air pollutants, vegetation-based green infrastructure can 
contribute directly to carbon sequestration through vegetation uptake (Entrix, Inc,). The extent to 
which green infrastructure may sequester carbon is an important consideration for cities and 
institutions attempting to reduce their carbon impact. This section refers only to the direct 
sequestration potential, though there are additional carbon impacts associated with reduced 
heating and cooling needs (Entrix, Inc 2010 and this report), increased walkability which could 
offset driving (this report), and, in areas with combined sewers, reduced energy expended in 
water treatment. 

Reduced heat Island effect 
 
The term “heat island” refers to the observation that developed areas are frequently hotter than 
nearby rural or undeveloped areas (http://www.epa.gov/heatisland/). According to the EPA, an 
average city of 1 million may be 1.8-5.4°F during the day and up to 22°F warmer in the evening 
http://www.epa.gov/heatisland/). Hard surfaces like parking lots can be 50-90°F hotter than 
surrounding air (Detweiler, 2012). This has many deleterious effects including increasing 
summertime peak energy demand, air conditioning costs, air pollution and greenhouse gas 
emissions, heat-related illness and mortality, and water quality (http://www.epa.gov/heatisland/). 
Furthermore Hotter ground temps also cause buildup of ground level ozone, which triggers public 
health issues such as asthma (Detweiler, 2012).  

Habitat creation & preservation 
 
The impact of green infrastructure on habitat and overall urban biodiversity is slightly more 
complicated as the issue itself is more complex. Again, the basic mechanism holds true – that 
increasing vegetated areas over non vegetated areas generates environmental benefits, but the 
issues of what different species actually need to live and to what extent urban areas can provide 
these benefits are harder to track and quantify. The impact on biodiversity is therefore quite 
dependent on the type and structure of landscape features as, for example, lawns, though better 
from a stormwater perspective than paved surfaces, will provide minimal habitat creation 
opportunities (Kazemi, 2011). 
 
In addition to providing on-site habitat and food forage opportunities, green infrastructure can 
contribute towards more macro-scale issues of habitat loss and biodiversity. When implemented 
on a regional scale and alongside investments such as parks, conservation areas, and 
greenways, green infrastructure can help improve linkages between green areas, reducing 
fragmentation of natural spaces (Benedict & McMahon, 2001). Furthermore, diverse ecosystems 
are less vulnerable to invasion by pests and other environmental stressors (Tzoulas, 2007).  
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Community & health 

Psychological & emotional health 
 
Numerous studies have evaluated the effect that green space has on reducing stress and 
inducing relaxation. Increasingly, institutions such as hospitals and similar treatment facilities are 
employing green space to create peaceful and healing areas. It is believed that the visual quality 
of the environment reduces stress and mental fatigue, and may even contribute to reducing the 
effects of ADD in children (Entrix, Inc, 2010).  

Social cohesion 
 
Green infrastructure and green space has similarly been associated with improved feeling of 
connection to community and subsequent increased social capital. The conceptual basis of the 
physical environment influencing social behavior originated in Jane Jacobs iconic work the Life 
and Death of Great American Cities. In it, she argues that, in vibrant urban communities, “weak 
ties” develop between frequent users of urban spaces through casual interactions which over 
time strengthen the social character of their city (Mehta, 2007). This thread carries into green 
infrastructure, wherein infrastructure retrofits increase public engagement with their environment, 
making these outdoor spaces more appealing (via physical activity, psychology/emotion 
mechanisms discussed within this report) and in turn providing more opportunities for developing 
these weak ties.  

Educational & research opportunities 
 
Increasing interest in sustainability is influencing many aspects of life in the U.S. today – 
consumer choices for housing, transportation, food, and energy, and the list goes on. Increased 
awareness and concern is reflected more and more in younger generations who accept this new 
paradigm, and incoming students have profoundly different expectations about what sorts of 
post-graduate opportunities await them and what the world can and will be like for them. As 
discussed throughout this report, academic institutions are an essential component of a transition 
to a more sustainable future, through their role training future leaders and setting the standard for 
innovation and research. 
 
Embracing the universities leadership role in a sustainable future means creating opportunities to 
cultivate and promote original research and active learning. Green infrastructure is one of many 
opportunities to do so. Green infrastructure can be used to cultivate new technologies, promote 
active learning in fields such as biology, engineering, chemistry, planning, and social science; 
and generate original research by faculty and students. Not only is green infrastructure a useful 
learning tool, but there are significant opportunities to leverage green infrastructure to bring 
outside research funding to the University through external grants such as those available from 
the National Science Foundation, with a 7.2 billion dollar operating budget, and the US EPA, who 
provide grants and project awards specific to campus implementation projects.  
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According to a survey conducted by the National Wildlife Federation (McIntosh et al., 2008), 
sustainability in education, leadership, and operations at universities is (for the most part) 
becoming increasingly common and widely dispersed. This means that cultivating sustainability 
education on campus is not only an important aspect for student preparation and education, but 
also for the University to stay competitive with other educational institutions.  

 
Figure 19 Ann Arbor’s stormwater utility helps to fund projects such as these wetlands at Mary Beth Doyle Park, which 
can hold up to 15 million gallons of stormwater. 

Source:      http://newswatch.nationalgeographic.com/2013/11/11/on-flood-and-thirst-how-communities-are- adapting-
to-the-age-of-unpredictable-water/ 

 

Physical activity & health  
 
The foundation of the relationship between physical activity – and the subsequent health benefits 
associated therein – is that increased greenness will increase the attractiveness of the physical 
environment, increasingly the likelihood that people will recreate outdoors (Entrix, Inc., 2010). 
Other factors may also draw a relationship between green space and physical activity as well. 
For example, the section below explains the relationship between green space and crime, which 
could similarly increase the likelihood that people will walk and recreate outdoors. Additionally, 
the section on psychological health and well being showed improved health via physiological 
indicators of stress. The following metric-based and social science research draw explicitly on 
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the connections between enhanced attractiveness of green space and subsequent impacts on 
physical fitness and health.  

Crime reduction 
 
In the law enforcement field, crime prevention through environmental design (CPTED) has 
emerged as an approach to deterring criminal activity through maintenance of the built 
environment. Its core conceptual basis is that criminals take cues from the environment when 
making a decision whether or not to commit a crime. Measures to deter this activity are (ONI, 
2009): 
 

• Natural surveillance emphasizes visual permeability to limit potential pockets where 
criminal activity would go unnoticed   

• Territoriality provides clear delineation between public, private and semi-private spaces, 
as well as communicating a sense of ownership and care 

• Access control combines both of the above, and decreases criminal accessibility while 
simultaneously ensuring visibility if boundaries are breached 

• Activity support encourages active and passive enjoyment of the built environment to 
increase pedestrian activity and “eyes on the street” 

• Management and Maintenance, such as landscaping and building upkeep, express to 
potential offenders that areas are cared for, as well as supporting the other four 
principles. 

Economic 

Recruitment & retention 
 
The built and natural environment on college campuses can have a significant impact on how 
prospective students, their families, and returning alumni perceive the institution. Well cared for 
outdoor spaces can signify the institutions level of investment in student well-being and, based 
on the evidence regarding green space and psychological and emotional health, can in fact 
improve well-being. Furthermore, sustainable landscaping, especially when used in conjunction 
with interpretive signage, provides an outward reflection of community values that provides 
information to even casual visitors of the campus. The design and management of the campus 
physical environment directly affects the UW-Madison “brand.”   
 

Reduced construction, maintenance and lifecycle costs 
 
One of the biggest challenges to providing up to date and sustainable infrastructure is cost. Not 
only is deferred maintenance placing increasing financial strain on necessary updates and 
retrofits, but there are also significant “sunk costs” associated with shifting away from old 
stormwater management paradigms (see section 2.2 in this report for a more complete 
discussion of these challenges). Staying Green, a report by American Rivers, points out that the 
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issue of defining cost effective practices in terms of long term costs is complicated by the fact 
that infrastructure costs they often reflect budgets rather than actual costs (Detweiler 2013).  
 
While green infrastructure still requires maintenance to ensure proper functionality, maintenance 
activities are less capital intensive and less invasive than traditional grey systems (Odefey et al., 
2012). Green infrastructure systems are also designed to require less maintenance and improve 
performance over time as vegetation matures (Odefey et al., 2012).  
 
Other sources of cost reduction include: 

• reduced wear on grey infrastructure system components (Odefey et al., 2012.) 
• evidence of increased demand for green properties and higher property values for 

properties with green infrastructure (while this does not apply directly to campus because 
the University campus is not engaged in the real estate market, this could translate to 
other economic benefits such as recruitment, increased alumni involvement, and 
economic returns for on-campus businesses) 

Energy savings 
 
In the face of rising energy costs, the ability to reduce heating and cooling needs of buildings 
presents a potentially significant benefit of green infrastructure. While energy savings do not 
apply to all green infrastructure practices, the impact of those that do contribute towards energy 
savings can be quite significant. Green roofs help insulate buildings and improve solar efficiency. 
Trees shade and intersect solar energy, leadings to less heat entering buildings in the summer. 
Southern facing windows with shade trees are especially associated with energy savings, as 
when they lose their leaves in the winter the building can also gain heat naturally from the 
outside.  
  
 

4.3 Policy Recommendations 
 
Beginning in the Fall of 2014, the University of Wisconsin will undertake another round of 
Campus Master Planning, this time with an emphasis on outdoor space and stormwater in 
particular. The following recommendations  address issues that could be evaluated in the master 
planning process to  conceptualize green infrastructure as an integral component of the campus 
built environment, not only for its stormwater benefits, but for all of its associated co- benefits. 
 

• Design: incorporate green infrastructure early in the contract process (currently, 
designers and engineers are hired THEN informed of campus policy); evaluate, in every 
project, the potential for BMPs – especially expanded canopy coverage 

• Communication: increase interpretive signage/transparency of current policies; 
improve collaboration between FP&M, faculty, and students – faculty and students could 
play a more substantive role in both big process (i.e. campus master plan) and 
individual  project design decisions 
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• Education: increase opportunities to engage multidisciplinary advisory committees and 
interdisciplinary student workshops in advancing the concept of campus as “learning 
lab”; systematically incorporate learning opportunities in new projects 

• Accountability: implement a monitoring program for new infrastructure vis a vis 
campus stormwater policy; enforce offset requirement on new buildings/renovations that 
cannot meet policy goals; monitor indicators/metrics with the assistance of academic 
programs and/or faculty, to gain a more complete understanding of water quality and 
quantity issues, and to establish clearly defined targets; we can take lessons from 
lakeshore nature reserve – priority starts with implementing a preserve and through 
research develops incrementally into a well researched and well understood system. 

• Planning: evaluate opportunities to incrementally advance water sustainability through 
campus infrastructure/landscape changes (e.g., street reconstruction) – not only through 
major building projects 

• Funding: consider potential co-benefits (in addition to costs) when assessing the 
financial viability of green infrastructure investments 

 
 
In a personal communication, Gary Brown, director of Campus Planning and Landscape 
Architecture, expressed that attachment to the “great lawn” ideals of campus landscape planning 
serves as a barrier to implementing green infrastructure in public campus spaces. The same 
concerns apply to streetscapes improvements. But these attitudinal barriers are constraints – like 
earlier stormwater management paradigms – that can be changed. 
 
Green infrastructure is much more than an aesthetic amenity. It is an integral part of sustainable 
campus infrastructure, improving environmental performance while adding multiple social and 
economic benefits.  There are ample opportunities to implement a green infrastructure 
demonstration project on campus. The future Alumni Park and the new Library Mall are highly 
visible public spaces that could physically demonstrate – along with interpretive signage -- critical 
sustainable infrastructure concepts. 
 
 
In summary, UW-Madison’s green infrastructure system is becoming more robust as individual 
buildings and sites are developed or redeveloped.  This iterative and incremental approach can 
help to increase campus sustainability over time.  Advancing a systematic and comprehensive 
approach to campus green infrastructure could accelerate this sustainability transition in both the 
physical and institutional environments. 
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APPENDIX 1: WATER QUALITY RESULTS AND 
METHODS 
 
Weather Conditions  
 
November 6, 2013 
Light rain began on 11/5/13 at 11:53 am and continued as a light rain/mist until 12:53 am 
11/6/13. Rain stopped for an hour at 2:53 am, began again at 3:53 am and continued until 8:53 
am. Samples were collected near the end of the storm at 8:00 am on 11/6/13. At the time of 
sampling, air temperature was 5° C, humidity was 96% and a northwest wind was blowing at 10 
mph, gusting to 18 mph.  Visibility was 2.0 miles, pressure was 29.80 inches and sea level was 
1009.6 mb. Total precipitation from 6:53- 8:53 am was measured to be 0.15 inches. 
 
February 20, 2014 
Light rain began on 2/20/14 at 3:53 am and continued as a light rain/mist until 5:53 pm. Rain 
stopped for an four hours at 8:53 am, began again at 12:53 pm and continued until 5:53 pm. 
Samples were collected near the end of the storm at 5:00 pm on 2/20/14. At the time of 
sampling, air temperature was 2.2° C, humidity was 93% and a south-southeast wind was 
blowing at 10.4 mph.  Visibility was 1.5 miles; pressure was 29.23 inches in Madison, WI, and 
29.38 in at sea level. Total precipitation from 3:53- 5:53 am was measured to be 0.49 inches.  
 
March 7, 2014 
There was no observed precipitation on this date. Samples were collected at 5:00 pm on 3/7/14. 
At the time of sampling, air temperature was 3.9° C, humidity was 70% and a southwest wind 
was blowing at 4.6 mph. Visibility was 4.0 miles; pressure was 29.89 inches in Madison, WI, and 
29.94 inches at sea level. 
 
March 27, 2014 
Light rain began on 3/27/14 at 12:53 pm and continued as a light rain/mist until 3:53 am on 
3/28/14. Samples were collected at 5:00 pm on 3/27/14. At the time of sampling, air temperature 
was 5° C, humidity was 93% and a southern wind was blowing at 11.5 mph.  Visibility was 2.0 
miles; pressure was 29.46 inches in Madison, WI, and 29.60 in at sea level. Total precipitation 
from 12:53 pm 3/27/14 until 3:53 am 3/28/14 was measured to be 0.44 inches. 
 
Metals 
 
Samples were analyzed for total concentrations of 16 trace metals (Ag, Al, As, Ba, Ca, Cd, Co, 
Cr, Cu, Fe, K, Mn, Na, Pb, Zn) using inductively coupled plasma optical emission spectroscopy 
(ICP-OES) (Perkin Elmer). Prior to analysis, samples were filtered using a 0.2 um PTFE filter 
over a vacuum filtration system to ensure the absence of particulate matter. All samples were 
diluted in 2% (b.v.) HNO3. A multi-element internal standard (Perkin Elmer Standard 3; 10 
mg/l) was used to construct a standard curve. Emission wavelengths were selected based on 
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recommended set provided in the instrument software (Perkin Elmer). All R2 values were 0.9998 
or better.  
 
Anions and Cations 
 
Ammonium was measured using Dionex ion chromatography system 1100, column IonPac 
CS12A (4x250mm), and 20mN MSA eluent. Anions such as chloride, sulfate, phosphate, and 
nitrate were measured using Dionex ion chromatograph system 2100, column IonPac AS9-HC 
4x250mm, and 30mM NaOH eluent. The flow rate for both systems was 1.0 mL/min at 30C. 
 
Total Suspended Solids  
 
Filters were dried at 103°C for 1 hour and then cooled in a dessicator for 20 minutes before 
taking an initial weigh boat and filter mass reading. After collecting the initial mass of filter and 
weigh boat, 100 mL of sample were vacuum-filtered through each filter. Filters were then dried in 
a 103°C oven for 1 hour and then were transferred to a dessicator prior to final mass 
measurement. 
 
Total Organic Carbon/Total Inorganic Carbon 
 
Total organic carbon (TOC) and total inorganic carbon (TIC) were measured using a TOC-V 
SCH Shimadzu total organic carbon analyzer. For the analysis, 20ml of each sample was 
measured into sterilized glass vials. Samples were analyzed in triplicate and average values 
were reported. TOC and TIC calibration curves with R2 values above 0.98 range from 1.5 to 140 
ppm. 
 
 

 
 

Water&Quality&Parameters
Location&& Date& TSS&mg/L Temp&°C Cond&µS/cm ODO&%&sat pH Turbidity&FNU Chlorophyll&RFU fDOM&RFU IC&ppm OC&ppm

6"Nov"13 8 8.205 69.023 85 7.137 "0.148 0.812 70.4 10.79 17.83
20"Feb"14 379.6 7.4 980.2 85.6 7.4 358.5 1.2 "0.2 16.2 34.0
7"Mar"14 267.4 8.0 7755.4 19.1 6.3 31.5 0.4 27.4 12.1 39.5
6"Nov"13 28.5 8.8 38.8 92.4 7.4 19.0 1.9 45.1 4.2 14.8
20"Feb"14 284.5 7.1 1172.1 89.4 6.9 324.3 1.4 1.2 11.4 51.0
7"Mar"14 177.1 6.8 11338.5 23.7 6.4 105.3 1.2 33.3 14.2 54.5
27"Mar"14 121.9 7.5 2951.4 91.1 7.0 223.9 1.8 18.9 183.6 53.2
6"Nov"13 10.0 7.6 104.7 89.9 7.5 10.9 3.9 115.0 12.3 21.8
20"Feb"14 1.5 7.2 47.2 96.4 7.3 4.2 0.2 0.3 3.2 5.7
27"Mar"14 ND 7.5 1057.8 71.1 7.5 592.9 2.2 5.7 ND ND
6"Nov"13 14.0 9.0 90.2 90.2 7.9 11.8 3.0 32.7 22.38 30.2
7"Mar"14 147.8 7.0 5059.5 29.8 6.9 88.7 0.4 8.4 23.1 42.2
27"Mar"14 66.7 7.4 543.8 75.3 7.8 98.5 0.4 8.6 382.9 50.2

17 6"Nov"13 5.0 8.3 74.3 91.3 7.7 6.2 1.7 74.1 9.6 25.1
6"Nov"13 10.0 9.4 95.1 95.1 7.7 12.5 5.4 37.8 4.7 13.0
20"Feb"14 171.0 7.5 656.1 95.0 7.4 196.0 0.6 "0.8 7.8 20.3
7"Mar"14 102.8 7.9 4783.9 82.9 6.8 77.9 0.2 8.0 ND ND
27"Mar"14 400.1 7.4 1871.7 88.3 8.2 348.0 1.4 7.2 176.2 49.7

23 6"Nov"13 28.0 10.7 157.8 82.0 7.4 7.6 3.4 1.0 23.4 20.2
24 6"Nov"13 0.5 11.9 101.3 94.5 7.6 1.6 0.1 45.5 9.6 9.4

6"Nov"13 1.5 11.8 100.1 100.1 7.6 1.6 0.3 22.5 5.3 8.0
20"Feb"14 68.6 8.0 532.4 87.6 7.5 135.3 0.6 2.2 16.2 24.8
7"Mar"14 28.3 8.3 767.9 98.0 7.2 14.3 0.1 7.3 5.3 10.1

Road& 20"Feb"14 1414.6 7.1 1104.4 85.4 8.6 2521.9 3.7 2.0 25.2 44.6

25

6

12

14

15

18

Alk&meq/L
T
2.6
1.7
1.4
3.7
3.9
6.2
3.43
0.9
ND
5.73
5.8
9.6
2.73
1.47
3.4
2.4
6.37
6

3.12
1.77
2.9
1.6
2.5

Table 6.: Water quality data collected from stormwater outfalls along Lake Mendota (ND - Not 
detected) 
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Metals'
Location Date Zn'ppb Ba'ppb Se'ppb K'ppb As'ppb

6"Nov"13 ND ND ND 1119 ND
20"Feb"14 24 105 13 3548 24
7"Mar"14 308 55 0 19200 62
6"Nov"13 ND ND ND 4512 ND
20"Feb"14 37 19 6 3018 21
7"Mar"14 234 67 11 23640 42
27"Mar"14 5616 43 17 7033 18
6"Nov"13 ND ND ND 3753 ND
20"Feb"14 43 64 3 343 9
27"Mar"14 6110 61 0 5439 17
6"Nov"13 18 ND 17 2550 ND
7"Mar"14 ND ND ND ND ND
27"Mar"14 9285 68 42 3562 7

17 6"Nov"13 ND ND ND 5208 ND
6"Nov"13 ND ND ND 1455 ND
20"Feb"14 40 87 8 1873 11
7"Mar"14 ND ND ND ND ND
27"Mar"14 10740 63 0 4152 5

23 6"Nov"13 ND ND ND 2580 ND
24 6"Nov"13 ND ND ND ND ND

6"Nov"13 ND ND ND 475 ND
20"Feb"14 59 68 7 1586 9
7"Mar"14 ND ND ND ND ND

Road' 20"Feb"14 1 83 4 2332 22

25

12

14

15

18

6

Table 7: Metal and metalloid content of stormwater collected from discharges along Lake Mendota. 
Metals not listed were not detected in any samples (ND - not detected). 
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Table 8: Concentration anoiotic species in stormwater collected from outfalls along Lake Mendota. 

 
 
 
 
 
 
 
 
 
 
  

Anions&and&Cations
Location Date Cl0&ppm SO420&ppm

6"Nov"13 0.536 0.180
20"Feb"14 431.300 20.950
7"Mar"14 4809.900 56.000
6"Nov"13 1.058 0.443
20"Feb"14 577.500 29.070
7"Mar"14 3440.200 100.470
27"Mar"14 1748.170 46.490
6"Nov"13 14.939 2.739
20"Feb"14 18.080 2.340
27"Mar"14 509.640 46.860
6"Nov"13 25.731 8.066
7"Mar"14 2895.960 43.490
27"Mar"14 201.400 20.130

17 6"Nov"13 4.070 2.098
6"Nov"13 2.656 4.554
20"Feb"14 276.050 15.300
7"Mar"14 2864.200 40.630
27"Mar"14 906.200 21.390

23 6"Nov"13 24.120 6.989
24 6"Nov"13 0.769 8.120

6"Nov"13 0.271 0.461
20"Feb"14 211.060 17.640
7"Mar"14 365.800 13.600

Road 20"Feb"14 460.200 43.270

14

12

25

18

15

6

NO30&ppm
0.180
20.490
9.570
0.321
18.550
9.110
16.280
0.795
1.830
17.690
0.905
15.260
18.050
0.878
1.943
19.110
15.630
20.280
6.163
5.930
0.298
20.450
21.190
18.200
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APPENDIX 2: Full Co-Benefits Section 
 
Environmental 
 
Air Quality improvement 
 
Because these best management practices rely on vegetation, and in particular increasing 
vegetated areas by replacing pavement, it can capitalize on benefits of vegetation for air quality 
improvements. Vegetation can remove common air pollutants such as nitrogen dioxide, ozone, 
sulfur dioxide and some particulate matter (Detweiler, 2012). Presence of these pollutants has a 
direct impact on public health by triggering asthma, bronchitis, emphysema and other respiratory 
illnesses (Detweiler 2012). 
 
Metrics/supporting evidence 
 
Portland’s Bureau of Environmental Services carried out a detailed study to quantify many of the 
co-benefits associated with green infrastructure. Using the US Forest Service Urban Forest 
Effects model, they calculated the average removal by trees and shrubs in the city. Finally, they 
extrapolated data for small particulate matter (PM10) – a pollutant known to cause respiratory 
illness – to other best management practices based on vegetative cover and density. The results 
are as follows (Entrix, Inc 2010): 
 
Pollutant Grams/Square Meter 

Canopy/Year 
CO 0.5 
NO2 0.9 
O3 3.6 
PM10 2.6 
SO2 0.7 
 
 

BMP PM10 Removal 
Ecoroofs 7.7 lbs/acre/year 
Green 
streets/swales 

0.4 
lbs/facility*/year 

Trees .2lbs/tree/year 
*Based on average facility size of 250 ft2 

 

 
Reduced atmospheric CO2 
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In addition to sequestration of common air pollutants, vegetation-based green infrastructure can 
contribute directly to carbon sequestration through vegetation uptake (Entrix, Inc,). The extent to 
which green infrastructure may sequester carbon is an important consideration for cities and 
institutions attempting to reduce their carbon impact. This section refers only to the direct 
sequestration potential, though there are additional carbon impacts associated with reduced 
heating and cooling needs (Entrix, Inc 2010 and this report), increased walkability which could 
offset driving (this report), and, in areas with combined sewers, reduced energy expended in 
water treatment. 
 
Metrics/supporting evidence 
 
Similarly to the air quality benefits, carbon sequestration potential is based on tree data which 
can be extrapolated to a variety of facilities.  
 

BMP Metrics (annual sequestration) 
Trees Medium size tree in the Midwest 

can sequester up to 594 lbs. 
(CNT) 

Green streets and 
swales 

.068 tons/facility (Entrix, Inc, 
2010) 

Ecoroofs .58 tons/acre (Entrix, Inc., 2010) 
 
Reduced heat Island Effect 
 
The term “heat island” refers to the observation that developed areas are frequently hotter than 
nearby rural or undeveloped areas (http://www.epa.gov/heatisland/). According to the EPA, an 
average city of 1 million may be 1.8-5.4°F during the day and up to 22°F warmer in the evening 
http://www.epa.gov/heatisland/). Hard surfaces like parking lots can be 50-90°F hotter than 
surrounding air (detweiler 2012). This has many deleterious effects including increasing 
summertime peak energy demand, air conditioning costs, air pollution and greenhouse gas 
emissions, heat-related illness and mortality, and water quality (http://www.epa.gov/heatisland/). 
Furthermore Hotter ground temps also cause buildup of ground level ozone, which triggers public 
health issues such as asthma (detweiler 2012).  
 
Metrics/supporting evidence 
 
The main mechanism through which green infrastructure addresses the urban heat island effect 
is through increasing albedo, or surface reflectivity. Additional cooling can be achieved through 
vegetative transpiration and shading. The table below summarizes the relationship between 
albedo, vegetative density and temperature (Entrix, Inc, 2010). The data is based on Portland, 
OR so may not fully reflect conditions in other cities, though it does provide a useful conceptual 
overview: 
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Vegetation (Density 

Increase) 
Increased Albedo 

 0% 10% 25% 50% 
0% 0.00 -.90 -2.65 -6.65 

10% -0.65 -1.60 -3.30 -7.35 
25% -1.65 -2.80 -4.55 -8.55 
50% -4.65 report error -7.30 -11.35 

 
 
Habitat creation & preservation 
 
The impact of green infrastructure on habitat and 
overall urban biodiversity is slightly more 
complicated as the issue itself is more complex. 
Again, the basic mechanism holds true – that 
increasing vegetated areas over non vegetated 
areas generates environmental benefits, but the 
issues of what different species actually need to live 
and to what extent urban areas can provide these 
benefits are harder to track and quantify. The 
impact on biodiversity is therefore quite dependent on 
the type and structure of landscape features as, for 
example, lawns, though better from a stormwater 
perspective than paved surfaces, will provide 
minimal habitat creation opportunities (Kazemi 
2011 and this report). 
In addition to providing on-site habitat and food 
forage opportunities, green infrastructure can 
contribute towards more macro-scale issues of 
habitat loss and biodiversity. When implemented on a 
regional scale and alongside investments such as 
parks, conservation areas, and greenways, green 
infrastructure can help improve linkages between 
green areas, reducing fragmentation of natural 
spaces (Benedict & McMahon 2001). Furthermore, 
diverse ecosystems are less vulnerable to invasion by 
pests and other environmental stressors (Tzoulas 
2007).  
 
Metrics/supporting evidence 
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A comparative analysis conducted on Melbourne bioretention facilities utilized invertebrate 
counts as indicators of biodiversity in three streetscape types – lawn, garden, and bioretention. 
The study quantified these various sites by several landscape factors – biomass, leaf litter depth, 
number of plans in flower, number of plant taxa, percent tall-, mid-, and low-stratum vegetation, 
and slope – prior to performing sweep-net counts in order to statistically analyze the impact of 
these various factors on counts.  
 
The results are quantified in the chart below, which shows a substantially higher number of 
species, species richness, and score for species diversity index for bioswales than either lawn- 
or garden-type streetscapes. The statistical analysis showed that main habitat factors associated 
with habitat creation is percent cover of mid stratum vegetation, number of plants in flower, pH & 
lateral slope, all of which were positively associated with bioswales.  
 
Community & health 
 
Psychological & emotional health 
 
Numerous studies have evaluated the effect that green space has on reducing stress and 
inducing relaxation. Increasingly, institutions such as hospitals and similar treatment facilities are 
employing green space to create peaceful and healing areas. It is believed that the visual quality 
of the environment reduces stress and mental fatigue, and may even contribute to reducing the 
effects of ADD in children (Entrix, Inc, 2010).  
 
Metrics/supporting evidence 
 
A majority of research looking directly at the relationship between green infrastructure (or, more 
commonly, green space generally) uses social science methodology such as interviews and 
observational research, though some studies have measured the physiological impact on stress 
management. A sampling of studies are featured below: 

• Two studies cited in Portland’s Grey to Green Benefits report (Wolf 2008 and Kaplan 
1989) found that job satisfaction improves amongst desk workers with increased 
greenness. Workers who had a view of green space from their desk experienced 23% 
fewer illnesses in the prior 6 months than those without. They also report 1. Job more 
challenging 2. Less frustration about tasks and more patience generally 3. Greater 
enthusiasm for their job 4. Feelings of satisfaction and 5. Better health 

• The benefit of passive nature viewing was observed in a study wherein subjects viewed a 
10 minute video of a natural setting of trees, vegetation or water after being exposed to a 
stressor and exhibited signs of reduced stress within 4-7 minutes based on lowered blood 
pressure, muscle tension, and skin conductance (Tzoulas et al via Ulrich et al., 1991) 

• The biophilia hypothesis, while lacking empirical evidence, suggests a biological link that 
necessitates human interaction with nature for psychological health and well being 
(Tzoulas from Kellert and Wilson 1993). 
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• An epidemiological study of primary care users found that frequent park users 
demonstrate ability to relax faster in stressful situations, as well as exhibiting overall 
better health (tzoulas from Payne et al. 1998) 
 
 

Social cohesion 
 
Green infrastructure and green space has similarly been associated with improved feeling of 
connection to community and subsequent increased social capital. The conceptual basis of the 
physical environment influencing social behavior originated in Jane Jacobs iconic work the Life 
and Death of Great American Cities. In it, she argues that, in vibrant urban communities, “weak 
ties” develop between frequent users of urban spaces through casual interactions which over 
time strengthen the social character of their city (Mehta, 2007). This thread carries into green 
infrastructure, wherein infrastructure retrofits increase public engagement with their environment, 
making these outdoor spaces more appealing (via physical activity, psychology/emotion 
mechanisms discussed within this report) and in turn providing more opportunities for developing 
these weak ties.  
 
Metrics/Supporting Evidence 
 
A Dutch study found that proximity to green space reduced incidences of health complaints 
regarding issues such as depression, diabetes and chronic obstructive pulmonary disease. 
Rather than actually reducing incidences, the authors believed that those with access to green 
space experienced less loneliness and improved social support, increasing the perception of 
health (Entrix, Inc., 2010). After completion of a community garden project in an Ontario 
Community, residents expressed feeling a greater sense of community where people spent more 
time outdoors socializing with neighbors (Detweiler, 2010). 
 
Educational & research opportunities 
 
Increasing interest in sustainability is influencing many aspects of life in the U.S.  today – 
consumer choices for housing, transportation, food, and energy, and the list goes on. Increased 
awareness and concern is reflected more and more in younger generation who accept this new 
paradigm, and incoming students have profoundly different expectations about what sorts of 
post-graduate opportunities await them and what the world can and will be like for them. As 
discussed throughout this report, academic institutions are an essential component of a transition 
to a more sustainable future, through their role training future leaders and setting the standard for 
innovation and research. 
 
Embracing the universities leadership role in a sustainable future means creating opportunities to 
cultivate and promote original research and active learning. Green infrastructure is one of many 
opportunities to do so. Green infrastructure can be used to cultivate new technologies, promote 
active learning in fields such as biology, engineering, chemistry, planning, and social science; 
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and generate original research by faculty and students. Not only is green infrastructure a useful 
learning tool, but there are significant opportunities to leverage green infrastructure to bring 
outside research funding to the University through external grants such as those available from 
the National Science Foundation, with a 7.2 billion dollar operating budget, and the US EPA, who 
provide grants and project awards specific to campus implementation projects.  
 
According to a survey conducted by the National Wildlife Federation, sustainability in education, 
leadership, and operations at universities is (for the most part) becoming increasingly common 
and widely dispersed. This means that cultivating sustainability education on campus is not only 
and important aspect for student preparation and education, but also for the University to stay 
competitive with other educational institutions.  
 
Physical activity & health  
 
The foundation of the relationship between physical activity – and the subsequent health benefits 
associated therein – is that increased greenness will increase the attractiveness of the physical 
environment, increasingly the likelihood that people will recreate outdoors (Entrix, Inc., 2010). 
Other factors may also draw a relationship between green space and physical activity as well. 
For example, the section below explains the relationship between green space and crime, which 
could similarly increase the likelihood that people will walk and recreate outdoors. Additionally, 
the section on psychologic health and well being showed improved health via physiological 
indicators of stress. The following metric-based and social science research draw explicitly on 
the connections between enhanced attractiveness of green space and subsequent impacts on 
physical fitness and health.  
 
Metrics/Supporting Evidence 
 
Several studies using social science methodology have been able to link physical activity with 
green space. One study found walking increases where there are positive perceptions about 
convenience, environmental aesthetics, and access, therefore where greenness enhances 
scenic value, physical activity may increase (Entrix, Inc., 2010); Several other studies cited in the 
Grey to Green report have found similar relationships with scenic value, presence of people and 
activity on streets, and proximity to green space (Entrix, Inc., 2010). 
In addition to the above cited studies, the Grey to Green report cites several studies linking 
health effects with greenness. 

• One study found that areas with high “greenness” exhibited lower mortality in otherwise 
vulnerable populations (based on income and health services) (Mitchell, 2008). Physical 
activity was not examined as a causal mechanism within the study 

• A Danish study linked residential proximity to green space to lower likelihood of obesity 
and reduced stress (Entrix, Inc., 2010) 

• Study of American children found link between BMI and greenness (Entrix, Inc., 2010)  
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The benefits of these associations between physical activity and green space can in turn have a 
profound economic impact via health care costs. A Philadelphia study of park system found cost 
saving for one year of $69,419,000 (Detweiler, 2012). 

 
Crime reduction 
 
In the law enforcement field, crime prevention through environmental design (CPTED) has 
emerged as an approach to deterring criminal activity through maintenance of the built 
environment. Its core conceptual basis is that criminals take cues from the environment when 
making a decision whether or not to commit a crime. Measures to deter this activity are (ONI, 
2009): 
 

• Natural surveillance emphasizes visual permeability to limit potential pockets where 
criminal activity would go unnoticed   

• Territoriality provides clear delineation between public, private and semi-private spaces, 
as well as communicating a sense of ownership and care 

• Access control combines both of the above, and decreases criminal accessibility while 
simultaneously ensuring visibility if boundaries are breached 

• Activity support encourages active and passive enjoyment of the built environment to 
increase pedestrian activity and “eyes on the street” 

• Management and Maintenance, such as landscaping and building upkeep, express to 
potential offenders that areas are cared for, as well as supporting the other four 
principles. 

Metrics/Supporting Evidence 
 
While the extent to which green infrastructure explicitly addresses the principals of CPTED has 
not been researched, from a conceptual standpoint enhanced green space and streetscapes 
through green infrastructure investment can address these principles. Well-maintained green 
space can improve “actual and implied surveillance”, making criminal behavior more risky 
(Detweiler, 2012). 
 
Frances Kuo and William Sullivan have both extensively researched the impact of green space 
on criminal activity. They have found that vegetation and green space can deter criminal activity 
in two ways (Kuo & Sullivan, 2001): 

• increases surveillance - evidence suggests that residential vegetation can act as 
“territorial marker” and make property less likely to be burglarized; they also observed 
that treed green space is more likely to be used 

• mitigates psychological precursors to violence - mental fatigue – defined by irritability, 
inattentiveness, and decreased control over impulses – may  cause “outbursts of anger 
and potentially violence” (Kuo & Sullivan, 2001, pg 347); contact with nature may lessen 
mental fatigue. 
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Other supporting evidence includes a study in Portland (Donovan & Prestemon, 2012) examining 
the relationship between trees and criminal activity and found that trees in the right of way were 
associated with lower rates of criminal activity. Additionally, a neighborhood in Ontario saw an 
immediate 30% drop in criminal activity when a community garden was built, which increased to 
75% reduction several years later (Detweiler, 2012). Another study of a public housing 
development in Chicago found a correlation between the amount of “greenery” and the number 
of reports of crime and violent crime (Detweiler, 2012). 
 
All of this evidence is contingent upon properly maintained green space. Evidence suggests that 
overly dense vegetation makes people feel unsafe (Kuo & Sullivan, 2001). 
 
 
Economic 
 
Recruitment & retention 
 
The built and natural environment on college campuses can have a significant impact on how 
prospective students, their families, and returning alumni perceive the institution. Well cared for 
outdoor spaces can signify the institutions level of investment in student well-being and, based 
on the evidence regarding green space and psychological and emotional health, can in fact 
improve well-being. Furthermore, sustainable landscaping, especially when used in conjunction 
with interpretive signage, provides an outward reflection of community values that provides 
information to even casual visitors of the campus. The design and management of the campus 
physical environment directly affects the UW-Madison “brand.”   
 
Metrics/Supporting Evidence 
 
Several surveys have been conducted in recent years that indicate the extent to which both open 
space and commitment to sustainability influence incoming students decision whether to attend a 
university. The first, conducted by Facilities Planning and Management Magazine, examined to 
what extent facilities play a role in that decision. Some of the results include: 

• Two-thirds (2/3) of surveyed students said that the overall quality of campus facilities were 
“essential” or “very important” in their decision 

• About half of respondents said the attractiveness of facilities were “essential” or “very 
important”  

• 34.4% said open space was an important (essential or very) in their decision process 
• when asked which facility was the major determinant, 8.1% responded “open space” (the 

first highest factor was “facilities in major” at 30%) 
• when asked about facilities at universities they did not attend and specifically whether 

they rejected an institution based on inadequate facilities, 15.1% said open space was 
“missing from rejected institution”, 21.4% said that it was inadequate at rejected 
institution, and 30.4% said it was poorly maintained at a rejected institution  
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• finally, the survey determined also determined that students responding were both 
satisfied overall with open space at their current school and that satisfaction with open 
space was an important factor in their retention at the school  

Several survey’s have also been conducted looking specifically at how sustainability influences 
students decisions. The 2014 edition of the Princeton Reviews annual College Hopes and 
Worries Survey indicated that for a majority of students (61%), a college’s commitment to 
sustainability plays a role in determining where they would like to apply to or attend school. This 
breaks down to 7% responding “Strongly”, 16% “Very Much”, and 38% “Somewhat”. A separate 
survey conducted by the National Wildlife Federation exploring the role that sustainability plays 
on university campuses, 42% of respondents expressed that sustainability programs help recruit 
students and 69% said that these programs are good for PR. 
 
Reduced construction, maintenance and lifecycle costs 
 
One of the biggest challenges to providing up to date and sustainable infrastructure is cost. Not 
only is deferred maintenance placing increasing financial strain on necessary updates and 
retrofits, but there are also significant “sunk costs” associated with shifting away from old 
stormwater management paradigms Staying Green, a report by American Rivers, points out that 
the issue of defining cost effective practices in terms of long term costs is complicated by the fact 
that infrastructure costs they often reflect budgets rather than actual costs (Detweiler, 2013).  
 
While green infrastructure still requires maintenance to ensure proper functionality, maintenance 
activities are less capital intensive and less invasive than traditional grey systems (Odefey, 
2012). Green infrastructure systems are also designed to require less maintenance and improve 
performance over time as vegetation matures (Odefey, 2012).  
 
Other sources of cost reduction include: 

• reduced wear on grey infrastructure system components (Odefy, 2012) 
• evidence of increased demand for green properties and higher property values for 

properties with green infrastructure (while this does not apply directly to campus because 
the University campus is not engaged in the real estate market, this could translate to 
other economic benefits such as recruitment, increased alumni involvement, and 
economic returns for on-campus businesses) 

 
Metrics/Supporting Evidence 
 
While there is substantial anecdotal evidence of reduced maintenance and lifecycle costs, there 
do not seem to be any substantial research studies providing any comparative analysis. The 
University of New Hampshire Stormwater Center has quantified expected maintenance costs of 
several BMPs (UNH, 2012), although there is not the context of comparing them to grey 
infrastructure systems.  
 
There have been several studies examining construction cost savings, as featured below: 
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• A comparative analysis of LID versus conventional development in 6 USA case studies 
found cost savings between 15 and 64%, with an average reduction of 52% (Shaver, 
2009) 

• In a survey of green infrastructure projects by the American Society of Landscape 
Architects, 44.1% respondents said green infrastructure reduced costs (over grey 
approaches); 31.4% said it produced no change in costs; and 24.5% said increased cost 

• Green streets cost the city of Seattle 49% less due to reduced pavement costs (Odefey, 
2012) 

• Data from Seattle Public utilities on green street reconstruction found that projects 
utilizing green infrastructure cost $217,253 less in construction costs, resulting in cost 
savings of $329/square foot (Odefey, 2012) 

• Data from Chicago’s green ally program found green methods to be 3 to 6 times more 
cost effective per $1,000 invested than traditional management approaches (Odefey, 
2012) 

Energy savings 
 
In the face of rising energy costs, the ability to reduce heating and cooling needs of buildings 
presents a potentially significant benefit of green infrastructure. While energy savings do not 
apply to all green infrastructure practices, the impact of those that do contribute towards energy 
savings can be quite significant. Green roofs help insulate buildings and improve solar efficiency. 
Trees shade and intersect solar energy, leadings to less heat entering buildings in the summer. 
Southern facing windows with shade trees are especially associated with energy savings, as 
when they lose their leaves in the winter the building can also gain heat naturally from the 
outside.  
  
Metrics/supporting evidence 
 
Studies have sought to quantify the impacts of green infrastructure on energy prices. The 
mechanisms of energy savings benefits differ depending on which BMP is being examined. A 
model developed in Canada indicates that green roofs may accomplish 6% savings in cooling 
costs and 10% savings on heating costs (Odefey, 2012). The same model applied in the warmer 
climate of Santa Barbara predicted 10% savings on cooling costs as well. Studies on impacts of 
tree shade on heating and cooling costs have presented a wide range – one study prediction 
between 7-47% - but a majority of estimates fall in the 5-10% energy savings range (Odefey, 
2012). 
 
It is notable that in other contexts additional energy savings have been quantified based on 
reduced energy used in treatment and pumping, but as neither of these are factors within the 
campus context they have been omitted. 
 



Incorporating Stormwater Awareness into Design 

 

ABSTRACT: New stormwater management techniques can use rainwater to create 
amenities that enhance a site’s attractiveness or value. The concept “artful rainwater 
design”  addresses stormwater management in environmentally responsible ways and 
creates expressive landscapes that celebrate stormwater and increase public awareness. 
Through an analysis of 20 case studies, the goals and objectives of stormwater 
management as a site amenity, as well as specific design techniques for its 
accomplishment, are explained. The five amenity goals t h a t  w e r e  drawn from the case 
studies include education, recreation, safety, public relations, and aesthetic richness. 

 

 
Figure 1. Development of more sustainable urban drainage systems and the “urban 
drainage triangle” (CIRIA 2001). 

 

 

Figure 2. Positive values of open storm drainage (Stahre 2006). 
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Case Studies: 
 

x 10th@Hoyt, Portland, Oregon, by Stephen Koch Landscape 
Architect 

x 110 Cascades, Seattle, Washington, by Seattle Public Utilities 
x Automated Trading Desk, Mount Pleasant, South Carolina, by 

Nelson Byrd Woltz 
x Buckman Heights, Portland, Oregon, by Murase Associates 
x Cedar River Watershed Education Center, Cedar Falls, 

Washington, by Jones & Jones, Ltd 
x Stephen Epler Hall, Portland State University, Portland, Oregon, by 

Mithun Partners and ATLAS Landscape Architecture 
x Glencoe Elementary School, Portland, Oregon, by Portland Bureau 

of Environmental Services 
x Growing Vine Street, Seattle, Washington, by Carlson Architects, 

Peggy Graynor, Buster Simpson, Greg Waddell 
x High Point Development, West Seattle, Washington, by Mithun 

Partners 
x Melrose Edge Streets, Seattle, Washington, by Seattle Public 

Utilities 
x Seven Corners Market, Portland, Oregon, by Ivan McLean 
x New Seasons Market, Portland, Oregon, by Portland Bureau of 

Environmental Services 
x Oregon Convention Center, Portland, Oregon, by Meyer/Reed 
x Oregon Museum of Science and Industry, Portland, Oregon, by 

Murase Associates 
x Outwash Basin at Stata Center MIT, Cambridge, Massachusetts, 

by Olin Partners 
x Pierce County Environmental Services, Chambers Creek, 

Washington, by Miller | Hull and Bruce Dees & Associates 
x Siskiyou Street, Portland, Oregon, by Portland Bureau of 

Environmental Services 
x SW 12th Avenue, Portland, Oregon, by Portland Bureau of 

Environmental Services 
x Water Pollution Control Laboratory, Portland, Oregon, by Murase 

Associates 
x Waterworks Garden, Renton, Washington, by Lorna Jordan with 

Jones & Jones, Ltd., and Brown & Caldwell 
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General Land-Development Amenity Goals: 
1. Convenience: location, ease, or comfort 
2. Education: favorable conditions for learning 
3. Recreation: favorable conditions for play and/or relaxation 
4. Safety: freedom from exposure to danger or risk 
5. Social interaction: commingling of individuals or groups 
6. Public relations: semiotic expression of values of the designer 

and/or owner 
7. Aesthetic richness: beauty or pleasure as a result of design 

composition 
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Other photos and ideas 

 

Willow Run Park, Camp Hill 
Borough, Pennsylvania 
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Willow Run Park, Camp Hill 
Borough, Pennsylvania 

Willow Run Park, Camp Hill 
Borough, Pennsylvania 

Willow Run Park, Camp Hill 
Borough, Pennsylvania 
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Willow Run Park, Camp Hill 
Borough, Pennsylvania 

GREEN INFRASTRUCTURE FOR STORMWATER MANAGMENT 88

Anna R Brown

Anna R Brown
93



GREEN INFRASTRUCTURE FOR STORMWATER MANAGMENT 89

Anna R Brown

Anna R Brown
94



 

 

GREEN INFRASTRUCTURE FOR STORMWATER MANAGMENT 90

Anna R Brown

Anna R Brown
95



 

 

Placing stormwater designs 
in urban areas helps them 
stand out and attract 
attention. The more people 
that move through an area, 
the better chance there is of 
reaching a larger target 
audience to educate. 
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This type of design allows 
users to see the process of 
sediment displacement and 
water infiltration, while 
creating an easily  
maintainable area. 
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Stenciling slogans and 
websites onto the pavement 
provides a simple and 
permanent way for people 
to learn more about 
stormwater and best  
management practices by 
visiting the website. 
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Storm drain marking involves labeling storm drain inlets with plaques, tiles, painted or pre-cast messages 

warning citizens not to dump pollutants into the drain. The messages are generally a simple phrase or graphic 

to remind those passing by that the storm drains connect to local waterbodies and that dumping will pollute 

those waters. Some storm drain markers specify which waterbody the inlet drains to or name the particular 

river, lake, or bay. Common messages include "No Dumping. Drains to Water Source," "Drains to River," and 

"You Dump It, You Drink It. No Waste Here." In addition, storm drain markers often have pictures to convey 

the message, including common aquatic fauna or a graphic depiction of the path from drain to waterbody. 

(EPA)
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The edge of the rims can be used for 
information about waste 
management, stormwater 
management, or contain slogans 
about the environment. 
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Stormwater education 
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Ardsley Bus Shelter Stormwater Planter 

These can be used around 
city to promote stormwater 
management awareness. 
Unique from other bus 
stops this design will stick 
out-attracting people to the 
design to check it out. 
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Ithaca, NY. educational information 
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Stormwater Management Design Ideas for Increasing Awareness 

 

1. Stenciling 
 

2. Selective permeable paving stalls 
 

3. Signage- buses, bike racks, garbage cans, near lakes, near 
stormwater management designs 
 

4. Daylighting pipes to make visible and part of the landscape 
 

5. Creating noise with water by using gravity- to help stimulate human 
senses in the environment; soothing sound 
 

6. Visibility- making designs stand out in urban areas 
 

7. Sculpture- to represent aquatic fauna, helping humans associate the 
built landscape with the natural environment 
 

8. Green walls, green roofs- bus shelters, sheds, etc. 
 

9. Posters, flyers, door signs 
 

10. Rain barrels, rain gardens- schools and neighborhoods to educate 
younger kids and adults, while decreasing water costs and maintenance 
needs in streets and facilities 
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Websites 

 

http://www.artfulrainwaterdesign.net/ 

http://www.pps.k12.or.us/departments/facilities/3233.htm 

http://newvillageofislandia.com/pages/releases/stormwater.php 

http://www.coopersferry.com/files/reports/Camden-Handbook.pdf 

http://www.treehugger.com/sustainable-product-design/lumi-rainwater-tanks-make-water-storage-
glow.html 

http://waterblues.org/ 

http://www.dec.ny.gov/lands/74996.html 
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