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ABSTRACT

STORMWATER RETENTION CAPABILITIES OF STEEP SLOPED, EXTENSIVE
GREEN ROOF SYSTEMS

By
Erik Cronk

Over the last 50 years, the world has seen a dramatic population shift from rural
areas to urban city centers. In the United States, this change in urbanization has created
large impervious surface areas, which have altered the natural processes of the earth’s
hydrologic cycle by increasing the quantity and flow rates of stormwater runoff
impacting highly urbanized areas. In urbanized environments of the United States,
sloped roofs account for a large portion of total impervious area (TIA) because single
family homes, typically built with sloped roofs, represent the majority of building
construction. Green roofs are considered one type of best management practice to help
manage stormwater in urban areas.

To date, there has been extensive research done on the stormwater performance of
flat green roof systems, but limited data exists on the performance of steep sloped green
roofs. If the full stormwater management potential of green roofs is going to be realized,
there needs to be wide-scale adoption of green roof technology in our residential housing
stock.

Data from this study shows that on average, significantly larger volumes of
rainwater are retained and released in delayed peak flow scenarios per rain event, when
green roofing materials cover a sloped roof than when traditional roofing materials are
used. Green roofing materials retained approximately 40% of cumulative rainfall and

traditional roofing materials retained approximately 10% of cumulative rainfall.
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INTRODUCTION

Urbanization creates numerous environmental impacts while negatively affecting
the health and welfare of the general public. Construction of buildings, roads and
infrastructure, coupled with the extraction and use of natural resources and increases in
pollution, have detrimental effects on the hydrologic cycle, carbon cycle, and biological
diversity in a given area. As urbanization occurs, the amount of total impervious area
(TIA) in a watershed increases, effectively altering the natural hydrology of the
watershed. This modification of land use from vegetated groundcovers and forest land
prohibits natural patterns of rainwater infiltration into the receiving soil profiles and
creates stormwater runoff. Stormwater runoff has become a major area of concern for
developing communities due to water supply contamination, peak flow events that create
severe flooding and threaten lives, and disruption of municipal services. As development
continues to put pressure on the surrounding environment, watershed managers are
looking for new “best management practices” (BMP) to handle the problems associated
with stormwater management in urban areas.

Green roofs, or vegetated roofs, are considered a relatively new roofing
technology in North America that entails growing plants in a media layer on top of a
waterproof membrane. It is widely recognized that one of the greatest benefit green roofs
offer is stormwater retention in urban areas (Vanwoert et al., 2005; Berndtsson, 2010).
The USEPA has indicated that a typical city block generates more than five times as
much runoff than a woodlot of the same size (USEPA, 2003). Green roofs can mitigate
impervious surfaces created on building rooftops by providing stormwater retention in

these spaces, essentially restoring the vegetation that existed in that space before the
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development occurred. This is critically important in urban areas where space is limited
for conventional stormwater BMP’s such as detention ponds. Green roofs are becoming
increasingly popular as a sustainable design strategy because of the numerous
environmental, economic, and social benefits that they provide.

There has been extensive research done on the numerous ecosystem services of
green roofs which include stormwater retention, increased building energy efficiency,
extended roof life, reduced heat island effect, etc. However, most of the green roof
research to date has been limited to flat roofs. Only a few studies examine how the
performance of a green roof changes under steep slope conditions. This oversight is
important because typical construction of residential structures in the northern climate of
the United States have steep (>10%) sloped roofs to prevent snow accumulation.
Because most residences in the United States occupy approximately 30% of a standard
one acre lot, this could represent a significant reduction in the amount of TIA in urban
and suburban areas. This reduction could have major implications for watershed
hydrology if green roof technology were applied to large portions of a community.

In this paper, the author provides an overview of the impacts of urbanization on
the hydrologic cycle and specifically interprets and analyzes differences in stormwater
retention data under steep (>10%) sloped conditions between green roofs and
conventional roofing materials. The study further investigates differences in stormwater
retention on steep sloped green roofs under three different treatments: unvegetated
(growing media only), sedum vegetated and native grass vegetated, and why differences

occurred. The purpose of this analysis is to begin to generate performance data on



different types of green roof vegetation and their ability to increase a green roof’s
stormwater retention capabilities.

This study addresses baseline stormwater retention performance data for an
extensive (<6” (15.2cm)) green roof system only versus conventional roofing materials.
The limits of analysis will be confined to the specific green roof system described in the
experimental design. This paper will not investigate other types of green roof systems for
comparison (eg. intensive >6 (15.2cm)) nor will it interpret or model the potential
effects of community-wide adaption of green roof technology on stormwater
management in urban and suburban areas. While it is important for these issues to be
further addressed, the results of this study are meant to provide baseline data on semi-
intensive, sloped green roofs that could be used in such future research endeavors.

In the context of this paper, there are several important terms that need to be
defined in order to help the reader understand the problem being investigated. The term
extensive, sloped green roof refers to a green roof system with less than six inches
(15.2cm) of growing media, while intensive green roofs have >6” (15.2cm) depth. Most
conventional sloped roofs in the United States employ 4:12 trussing system giving them a
33 degree slope. Normally, the conventional roofing materials used to cover these roofs
are steel roofing panels or fiberglass shingles. Independent rain events are defined as
precipitation events that were separated by six or more hours. In the event runoff was
still occurring six hours after the initial rainfall event, the two events were combined.
Stormwater runoff is defined as the amount of rainfall released from the roofing system
after a storm event; peak flow refers to the highest level of stormwater runoff recorded

for a given rain event during a 5 minute time period. The term total impervious area
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(TIA) means all areas within the urban matrix that are impervious and restrict rainwater
infiltration and includes building, roads, parking lots, etc.

LITERATURE REVIEW

Urbanization and its Affect on Ecosystem Services.

Throughout human history, the majority of the world’s population has lived in
rural areas. However, the last half of the 20" century has seen a shift in human
population from rural areas to urban areas. According to the United Nations, the world’s
urban population has reached 2.3 billion as of the year 2000, a figure nearly four times as
large as that estimated for 1950 (United Nations, 2006). This rapid increase in urban
population has detrimental effects on the surrounding environment. Natural,
undeveloped lands are typically more pervious, allowing rainwater to infiltrate back into
the soil profile and groundwater. Impervious surfaces cause an increase in the total
volume of stormwater runoff and also increase the rate in which stormwater is delivered
to a receiving body of water. Both the National Oceanic and Atmoshpheric
Administration (NOAA) and Pennsylvania State University estimate that there are 25
million acres of impervious surfaces in the continental United States (Beach, 2002). In
urban areas, it is not uncommon for impervious surfaces to account for 45% or more of
the land cover (Kloss, 2006). Studies show that hydraulic and biological changes to
streams occur when 10 to 20 percent of a watershed has impervious surfaces (Clar, 2004).
As urban development continues to sprawl, the conversion of land cover changes from
forested and vegetated lands to impervious surfaces disrupts the natural hydrologic cycle

(Figure 1) and creates stormwater management problems.



Urbanization has a profound affect on how water travels both above and below
the earth’s surface following a storm event by limiting rainwater infilitration and
increasing stormwater runoff quantities. Urban development has contributed greatly to
the pollution of our nation’s waters because increased quantities of stormwater carry
large amounts of suspended and/or dissolved pollutants to waterways. These pollutants
include bacteria, metals, nutrients, oils and grease, pesticides, sediment, and trash. Under
natural conditions, the amount of rain that is converted to runoff is less than 10% of the
rainfall volume (United States Environmental Protection Agency, 2003). Unlike
agriculture, which can display significant interchange with forest cover over the time
scales of a century, there is no indication that once-urbanized land ever returns to a less
intensive, naturalized state (National Research Council, 2009). Therefore the
construction activities associated with urbanziation such as clearing vegetation, stripping
topsoil, and increasing impervious areas through hardscaping will have detrimental
impacts on the surrounding environment.

Ecosystem Services (ES) are the benefits provided to humans by ecosystems.
These include provisioning services (food, water, timber, etc.), regulating services
(climate, flooding, water quality), cultural services (recreation, aesthetics, spiritual
fulfillment), and supporting services (soil formation, pollination, nutrient cycling).
Urbanization strongly impacts an ecosystem and the services it provides to humans in an
area. Over the past 50 years, humans have changed ecosystems more rapidly and
extensively than in any comparable period of time in human history; this change is
largely to meet rapidly growing demands for food, fresh water, timber, fiber, and fuel

(Millennium Ecosystem Assessment, 2005).



The earth holds vast amounts of water beneath its land surface, on its surface, and
in its atmosphere. This water is in constant motion and is known as the hydrologic cycle.
The hydrologic cycle is comprised of three main phases: (1) precipitation and runoff; (2)
infiltration and storage; and (3) evaporation and transpiration (Achuthan, 1974). Water
moves through various aspects of the hydrologic cycle and eventually reaches the oceans
where it will be evaporated back into the atmosphere to repeat the cycle again (Figure 2).
Precipitation that reaches the earth’s surface either infiltrates into the earth’s surface or
becomes surface runoff. The volume and speed of runoff depends on the size of the
storm (how much water falls in a certain amount of time) and the land features of the site
(Clar, 2004). Transpiration is the process by which plants take up water via their roots in
the soil and release it to the atmosphere in the form of water vapor through the process of
photosynthesis. Evaporation occurs when water is transformed from a liquid to a gas and
moves back into the atmosphere. It is often times difficult to distinguish between
transpiration and evaporation effects occurring in the hydrologic cycle. Therefore, these
two processes are often viewed as one process called evapotranspiration (ET). This
includes water that is used by plants during transpiration and water that is evaporated
from plants or earth surfaces.

The hydrologic cycle is a regulating service provided by ecosystems and is
critical in protecting the health and safety of the general public. Wetlands, forests, and
other vegetated lands help manage rainwater by intercepting, infiltrating, and filtering
rainwater as it reaches the earth. Trees with mature canopies can absorb the first half
inch of rainfall during a storm event (Casey, 2012). This regulating, ecosystem service is

greatly reduced by urban development and increased imperviousness because of the
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elimination of vegetation that acts to absorb rainwater. Instead of absorbing rainwater
and infiltrating it, large amounts of impervious surfaces in urban areas increase the
volume and rate of stormwater runoff.

Soils also play a dominant role in the hydrologic cycle because soils usually
absorb, store, and release precipitation (Saxton, 1990). This is important because urban
development greatly impacts the natural soil profiles by compacting soil structure,
creating uniform grades (through site elevation changes) that reduce natural low spots for
water collection, and by removing vegetation. Plants at the earth’s surface provide
natural conduits for rainwater through their root systems. Likewise, groundcover foliage
absorbs much of the impact of raindrops hitting the soil, thereby reducing soil erosion.
Small organisms like worms, insects and burrowing animals also improve the collecting
capabilities of the earth’s mantle by creating/maintaining pore space and keeping the soil
in the top horizons friable.

Water Management Services Provided by Green Roofs

Reintroducing some of the natural components of the hydrologic cycle, that
encourage infiltration and storage, can be partially fulfilled by implementing green roofs.
Green roofs, by reintroducing soil and vegetation into areas that are impervious, have the
capacity to partially reverse the degradation to drainage systems that increased
stormwater runoff, erosion, siltation, and/or bacterial contamination causes. Many
consider stormwater runoff mitigation to be the primary benefit of green roofs in the task
of reversing failing stormwater management infrastructure (Liptan, 2003). Green roofs
have been reported to retain 39 to 100 percent of rainfall, with an average retention just

under 78 percent (Carter, 2006). Even though green roof systems retain stormwater,
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runoff will still occur once the green roof becomes saturated. However, there is a delay
in stormwater runoff because it takes time for rainwater to move through the vegetation
and media layers; this is due to the additional time needed to saturate the media and reach
the roof’s water carrying capacity. This delay is beneficial to municipal sewer systems
because it helps reduce peak storm water volumes and flow rates, and thus, increase the
time interval between a storm and release of water to the receiving watershed. Green
roofs can delay runoff between 34 minutes (Carter and Rasmussen 2006) and four hours
(DeNardo et al., 2005), compared to reference roofs where runoff was nearly
instantaneous. Water retention is a function of product design including factors like
substrate depth, media composition, and plant selection which determines root
morphology; other factors thought to affect green roof performance include roof slope,
weather factors such as rainfall frequency, intensity and duration, and climate.

The USEPA (2009) identifies numerous techniques, known as stormwater
Best Management Practices (BMP), that are used to control and manage stormwater
runoff. The design and use of specific stormwater BMP’s is a function of site conditions
(i.e., topography, soil types, vegetative cover, building footprint size, overall site acreage,
etc.) and the need for treatment of water quality parameters. Stormwater BMP’s are
divided into two categories of control: structural and non-strucutral. Structural BMP’s
are management techniques that use engineered systems to control stormwater runoff.
While some of these techniques include built structures like retention and detention
ponds, many structural BMP’s use the natural processes of interception, infiltration, and
evaporation. Non-structural BMP’s align more with planning techniques. These are

decisions that are made early in the site design process such as reducing building

8



footprints, reducing parking lot sizes, planning the use of a green roof, etc. Green roofs
can be considered to be a structural and non-structural best management practice. They
are most effective when they are part of a wholistic site design approach where the
planning of the green roof can reduce the need for other stormwater BMP’s on the
ground. However, the actual green roof is an engineered system that is constructed on
the site; therefore it can be classified as a structural BMP also. As green roofs begin to
emerge as a viable stormwater BMP, their effectiveness as a control is based on the scale
(i.e., amount of area) at which green roofs are applied.

Using the Tanyard Branch watershed in Georgia as a case study, hydrologic
modeling suggests that green roofs alone cannot provide complete stromwater
management at the watershed scale (Carter, 2006). However, in scenarios like this, green
roofs can certainly help to complement other stormwater BMP’s. Also, in highly
developed watersheds where limited space constrains the ability to use
detention/retention ponds, green roofs are an effective strategy that uses the roof space
not only as part of the building envelope, but also as a space for stormwater detention.
While green roofs cannot function alone as a stormwater BMP at the watershed scale,
green roofs do have the potential to replicate portions of the predevelopment hydrograph
which may be lost after urbanization (Carter, 2006). By functioning to intercept and
evaporate rainfall before it reaches the ground, green roofs can re-establish that part of
the predevelopment hydrograph that slows water transfer to receiving surface water
bodies during a rain event, and thus, they reduce the potential for flooding and/or sewer

overflow conditions.



However, there has been minimal research completed which investigates if the
stormwater management benefits are realized when the green roof system is placed on a
steep slope. Getter (2007) reports that increasing slope decreases the stormwater
retention abilities of a green roof system. Her studies show that for overall rainfall a test
roof with a 2% slope retained 85.2% of rainfall while a test roof with a 25% slope
retained only 75.3% of rainfall. When rainfall was separated into light (<2.0mm),
medium (2.0-10.0mm) and heavy (>10.0mm) categories percent retention was 93.3%,
92.2% and 71.4%, respectively. Vanwoert (2005) suggests similar findings that roof
slope does influence the stormwater retention capabilities of green roof systems. He
reports that a test roof with 2% slope retained 70.7% of rainfall while a test roof with a
6.5% slope retained 65.9% of overall rainfall. When rainfall was separated into light
(<2.0mm), medium (2.0-6.0mm) and heavy (>6.0mm) categories percent retention with a
2% slope was 97.1%, 85.5% and 65.1%, respectively, while a 6.5% slope was 94.9%,
83.1% and 59.5%, respectively. The difference between the results of these two studies
could be attributed to the age of the green roof media. Getter’s study was taken from a
green roof that had been established for 3 years. She found mature substrate exhibited
greater values for porosity, free airspace, organic matter, and water holding capacity.
Due to the fact that the majority of building construction in urban areas utilizes sloped
roofs, it is critical to understand stormwater performance and how to best design steep
sloped green roof systems to optimize stormwater performance.

Other Ecosystem Services Provided by Green Roofs Throughout History.
Many people believe green roofs to be a part of the “green” movement associated

with today’s building and construction industry. However, green roofs date back to
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ancient civilizations in the Middle East. Arguably, the most famous ancient (and
possibly mythical) green roof occurred in Mesopotamia and was known as the Hanging
Gardens of Babylon (700 B.C.). These roof gardens were purported to occupy four acres
of planted and irrigated vegetation and reached 300 feet above the Euphrates River
Valley. Green roofs in ancient times typically used indigenous materials to construct a
waterproof membrane and then placed surrounding soil and natural vegetation on the
roof. People of these ancient civilizations used “green roofs” as a climate regulatory
service to protect themselves from the extremes of temperatures found in desert
environments, where insulation against heat and cold was more important than water
management.

In Europe, almost every major western civilization adapted some form of the
green roof system seen in the Middle East. However, unlike Middle Eastern societies,
which used green roofs for climate regulation to protect themselves from the extreme
desert climate, early European green roofs provided more cultural services to society. In
some societies, roof gardens were meant to display wealth, sophistication, and power
(e.g., the Italians who constructed villas with extensive terracing and roof gardens in the
1500’s). In other cases, green roofs were used as an inexpensive, long-lived solution to
roofing for barn or home buildings (e.g., Northern European countries and Scandinavian
countries). Similar to the Middle East, these societies used green roofs to regulate the
climate and provide protection from the outdoor environment. In Norway, many of these
structures date back to the 16™ century and still stand today. These latter roofs were
typically intensive, sod roofs with 6+ inches (15.2cm) of soil and a waterproof membrane

constructed of multi-layered birch bark. Sod removed from the building footprint often
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was placed directly on the waterproof membrane (Figure 3). These roofs were
constructed in small towns and rural areas because they were cheap to build, used local
materials, and had adequate waterproofing and insulating properties. Because the
building construction during this time period typically was timber frame construction, the
heavy structural members could support the additional weight of the green roof plus any
moisture common to their temperate climates. Sod covered houses and farms in the
Great Plains of North America (which typically were homesteaded by Scandinavian
immigrants), suggest that the technique was transferred from the Old World to the New
World as late as the mid 1800’s (Osmundson, 1999).

The contemporary green roofs seen today are primarily used to alleviate
environmental problems, and restore ecosystem services lost by high density, urban
development. The modern green roof originated at the turn of the 20™ century in
Germany, where vegetation was installed on roofs to mitigate the damaging effects of
solar radiation on the roof structure (Oberndorfer et al., 2007). These roofs helped
regulate climate change by reducing heat islands in urban areas and were typically
shallow, extensive green roofs that were inaccessible to foot traffic. This type of green
roof largely replaced the more intensive (deep) rooftop gardens that were used previously
because they have a reduced roof load. By the middle of the 20" century, progressive
thinking about environmental concerns in urban areas led to increased research in the use
of green roofs, mainly in Germany and Switzerland. In Germany, green roof technology
has been incorporated into public policy and technical guidelines have been developed as
early as 1982 by the Landscape, Research, Development and Construction Society (FLL,

1995). Because of this, green roofs have now become widely accepted, and they
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constitute an estimated 14% of all new flat roofs in Germany (Haemmerle, 2002). As the
21% century approached, green roofs made their transition to North America, and research
focused more intensely on green roof performance. Organizations such as the Leadership
in Energy and Environmental Design (LEED) provided design guidelines for energy
efficient buildings and have helped to increase awareness and the use of green roof
technology in the United States.

It is likely that green roofs will continue to gain momentum in North America
because of other environmental, economic, and social benefits. Green Roofs for Healthy
Cities (GRHC) publishes an annual industry survey on the growth of the green roof
market. In 2011, they concluded that the green roof industry grew by a staggering 115%
compared to 28.5% growth recorded in 2010 in terms of square footage of green roof
installed. These numbers show a positive growth trend in the market and point to an
industry that has the potential to sustain itself in the future.

Other benefits of green roofs include their ability to increase the lifespan of roof
membranes (Getter and Rowe, 2006). The growing media and vegetation layer in a green
roof system protect the underlayment from solar exposure and radiation. The green roof
system also regulates the temperature of the membrane surface. The reduction in extreme
temperature variations help to extend roof membrane life by reducing the expansion and
contraction of membrane material which can lead to degradation. One study
demonstrated diurnal temperature fluctuations for a non-green roof to be 50°C (122° F),
while green roof diurnal temperature fluctuations were only 3°C (37.4°F) (Connelly,
2005). Peck et. al. (1999) estimated that temperature moderation can extend the

membrane life two to three times. This increased life span helps recover initial upfront
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costs associated with green roofs and makes the life cycle costs of green roofs more
economically viable than the life cycle costs of more conventional roofing materials.

A second and third benefit of green roofs is energy conservation and the reduction
of the urban heat island effect, respectively (Getter and Rowe, 2006). Green roofs
provide shade and an extra insulation layer that help to make buildings more energy
efficient by increasing the R-value of the roofing system. Media depth, shade from plant
material, and transpiration can reduce solar energy gain by up to 90% compared to non-
shaded buildings (Getter and Rowe, 2006). In addition to reducing surface temperatures
on the roof membrane, green roofs also reduce the ambient air temperatures surrounding
the building. This reduction in ambient air temperatures can help reduce the urban heat
island effect, a natural phenomenon where highly urbanized areas, due to impervious
structures, absorb solar incidence and act as a heat sink after solar incidence subsides.

Air temperatures above the building have been shown to be 30°C (86°F) lower when a
vegetated green roof is in place compared to a conventional roof (Wong et al., 2003),
resulting in up to 15% annual energy consumption savings. Since buildings consume
36% of total energy use and 65% total electricity consumption, green roof
implementation on a wide scale could significantly impact energy use in an area. Most of
the energy savings from green roofs will occur during the summer months because of
reduced electricity consumption from air conditioner usage (Kula, 2005). This is because
the insulation properties of media are greater when air space exists as opposed to when
the media is saturated — which typically occurs during the winter months. A University
of Michigan study compared the expected costs of a 23,000 square foot conventional roof

with the cost of the same size green roof. The study took into consideration all of the
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benefits afforded by green roof technology such as stormwater management, increased
roof life, energy conservation, etc. to determine the life cycle cost comparison. The green
roof would cost $129,000 more to construct. However, over its lifetime, the green roof
would save about $200,000 with nearly two-thirds of the savings coming from reduced
energy needs for the building (Foster, 2011).

Practical Aspects of Green Roof Design on Ecosystem Services.

Green roofs are typically classified as intensive or extensive; however
increasingly the term semi-intensive is used to define a green roof with characteristics at
an intermediate level between intensive and extensive green roofs. The difference
between these two types of green roofs is primarily the depth of the soil media, plant
selection, accessibility and maintenance. Intensive green roofs are typically classified as
having greater than 6 inches (15.2cm) of media. This allows for the use of a wide-range
of plants, with deeper and more extensive root systems. Many plants traditionally found
in landscapes on the ground including ornamental grasses, trees, shrubs, and herbaceous
perennials are found in intensive green roofs. On flat roof environments, these roofs are
often designed to be rooftop gardens that function as a social space for users of the
building.

Extensive green roofs are classified as having less than 6 inches (15.2cm) of
growing media. These roofs often serve a specific function, such as microclimate control
or stormwater retention, and they generally are not designed to be accessible by the
public. Sometimes these gardens are not visible to the public. This type of green roof is
lighter in weight and is often used on existing buildings with low roof load capacities.

The shallow media depth restricts the species of plants grown on the roof. These plants
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often include herbs, a limited number of grasses, mosses, and drought tolerant succulents
such as Sedum (Getter, 2006).

Green roofs can be designed to create wildlife habitat in urban areas where
vegetation and natural habitat have been destroyed due to building development.
Widespread application of green roofs in urban areas could establish “green” corridors to
help facilitate bird migration patterns. In northern Switzerland, nine orchid species and
other rare and endangered plant species exist on a green roof installed a century ago
(Brenneisen, 2004). In addition, many birds have been recorded utilizing green roofs in
Germany, Switzerland, and England (Brenneisen, 2003; Gedge, 2003). Green roofs that
can offer more complex landscape structure are likely to attract more bird and insect
species. Extensive green roofs that lack species diversity and landscape structure will
have a reduced capacity to support bird and insect communities. For building owners
interested in recreating lost habitat on green roofs, reputable ecologists often can assist
designers in creating green roof systems with appropriate plant selection, soil moisture
conditions, and habitat structures to encourage birds and other wildlife.

Green roofs also have the ability to improve air quality by filtering air-borne
pollutants and reducing ambient air temperatures. Nearly one-quarter of the people in the
U.S., live in communities where unhealthy short term levels of particle pollution exist,
and roughly one in ten people live where there are unhealthy levels year-round (Rowe,
2010). Itis well known that plants can remove air pollution by taking up gaseous
pollutants through their stomates, intercept particulate matter with their leaves, and break

down organic compounds in their plant roots (Baker, 1989). Therefore, the addition of
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green roof plants in an urban ecosystem can improve air quality by introducing new
vegetation to areas that typically had no value in terms of ecosystem services.

Finally, green roofs can provide social benefits in terms of improved aesthetics.
Intensive green roofs are often designed to be “rooftop gardens” where building
occupants have the access to additional space for socializing. Addition of rooftop
gardens can increase property values for building owners and in turn allow them to
charge more for rent. When humans view green plants and nature, beneficial health
effects, such as reducing stress, lowering blood pressure, releasing muscle tension, and
increasing positive feelings (Ulrich, 1986), have been shown to occur. This has led to
many hospitals installing green roofs to provide their patients with more pleasant visual
surroundings.

HYPOTHESES

This study involves a field experiment calling for a comparison between
stormwater flow emitting from conventional roofing materials (ie., steel roofing or
fiberglass shingles) and three green roof treatments (ie., sedum, native grass, and bare
soil). The same slope marks all five roof treatments.

Null Hypothesis 1:
There is no relationship between roof treatment and the percent rainwater retained
on a standard sloped roof of 33%.

Hypothesis 1a:
There is a significant (p > 0.05) relationship between conventional and green roof

treatments and percent rainwater retained on a standard sloped roof of 33%, with
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conventional roofing materials retaining significantly less rainwater than green
roof or bare soil roofing surfaces.

Hypothesis 1b:
There is a significant (p > 0.05) relationship between green roof treatments and
percent rainwater retained on a standard sloped roof of 33%, with the grass
roofing treatment retaining significantly more rainwater on a sloped roof than
sedum roofing treatment.

Hypothesis 1c:
There is a significant (p > 0.05) relationship between green roof treatments and
percent rainwater retained on a standard sloped roof of 33%, with the grass
roofing treatment retaining significantly more rainwater on a sloped roof than the
bare soil roofing treatment.

Null Hypothesis 2:
There is no significant (p > 0.05) relationship between conventional roof
treatments (i.e., steel or fiberglass shingle) and percent rainwater retained on a
standard sloped roof of 33%.

Hypothesis 2a:
There is a significant (p > 0.05) relationship between conventional roof treatments
(i.e., steel or fiberglass shingle) and percent rainwater retained on a standard
sloped roof of 33%., with the fiberglass shingle roofing treatments retaining

significantly more rainwater on a sloped roof than the steel roofing treatment.
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MATERIALS AND METHODS

Site Description. The study was conducted at the Michigan State University,
Landscape Architecture Alumni Research Site on the Old Mission Peninsula, Grand
Traverse County, MI. The site is located approximately 14.5 kilometers (9.0 miles) north
of Traverse City on a cherry farm, in an open field adjacent to several barn structures and
a chestnut orchard (Figure 4). The climate of the site is influenced by the fact that it is
surrounded on two sides by East and West Grand Traverse Bay. Consequently, the area
experiences cool springs, mild summers, warm falls and high snowfall winters. The
weather patterns in turn create sudden and large amounts of precipitation during the
seasonally active periods. Weather data was collected on-site by a weather station that
monitored precipitation, wind, and solar incidence. Measurements were complimented
by another weather station located approximately 8.0 kilometers (5 miles) north of the
study site on the Old Mission Peninsula; this station also is run by Michigan State

University.

Roof Testing Platforms. Five sloped green roof study platforms with dimensions
of 4.0 ft x 8.0 ft (1.22 m x 2.44 m) were constructed to replicate what could be considered
a typical sloped (4:12 pitch) roof on a single family home in Michigan. The platforms
were constructed by MSU Environmental Design graduate students at the site in Traverse
City, MI. Roof trusses were built with conventional 2” x 4” (5.0cm x 10.1cm) boards
mimicking typical roof construction fou