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 The National Water Quality Inventory of 1998 stated over fifty percent of 
America’s impaired waterways are affected by urban/suburban stormwater runoff (EPA, 
2000).  Stormwater management is typically treated in conventional ways that may be 
inefficient over time and contribute to negative issues, such as flooding, pollution, and 
environmental degradation.  Value exists in design that moves from the norm of creating 
common open and closed drainage systems for managing stormwater,  to design that 
utilizes elements such as bioswales, rain gardens, sustainable ponding, green roof 
technology, wetlands, and vegetation as a means to improve stormwater management.   

The project site is located in the city of North Olmsted, Ohio, where development 
of impervious surfaces has caused issues associated with stormwater and flooding.  The 
design site is distinguished by North Olmsted’s close economic and physical relationship 
with Cleveland, placement in the Rocky River watershed, and its proximity to and 
Metropark system.  The project design incorporates bioswales, rain gardens, sustainable 
ponding, green roof technology, wetlands, and vegetation into the existing Great 
Northern Mall site.  These design elements, along with courtyards and parking structures, 
are integrated to function together as a larger system.   

Although negative effects may have taken place in the built environment, it is 
possible to improve an existing situation of a site and in turn the surrounding region.  
Stormwater treatment with sustainable Best Management Practices , although functional, 
can provide a site with a sense of place and promote pride and interest in once negatively 
associated areas. 
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1.0:  INTRODUCTION 
 
 
 
Problem Statement 

 The National Water Quality Inventory of 1998 stated over fifty percent of 

America’s impaired waterways are affected by urban/suburban stormwater runoff (EPA, 

2000).  Stormwater management is typically treated in conventional ways that may be 

inefficient over time and contribute to negative issues, such as flooding, locally or in 

communities with hydrological links to problem areas.  Pollutants from developed areas 

flow unchecked into natural systems and are dispersed, where they can be harmful. 

 

Significance and Value of the Problem 

 Value exists in design that moves from the norm of creating common open and 

closed drainage systems with detention ponds for managing stormwater,  to design that 

utilizes elements such as pervious paving, green roof technology, natural systems like 

wetlands, and means to slow stormwater’s entry into local systems. The creation of a site 

system of this type allows the landscape architect to produce original, creative solutions 

that combine information from several fields to create sites that express new ways of 

thinking and developing.  Systems may be designed for new sites or applied to existing 

sites.  Landscape architecture design can benefit a community economically, by reducing 

stormwater’s possible flooding consequences.  It can do so environmentally, by reducing 

the amount of pollutants entering waterways and giving an opportunity to bring in 
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elements of natural systems where they would otherwise not exist.  Socially, design can 

create a site that is more functional schematically and promotes human interaction.  

Aesthetically, all of the above may be combined into landscapes that are beautiful and 

supportive of human uses and interactions. 

 

Background 

Land in the United States is progressively converted to development use.  Over 34 

million acres were developed between 1982 and 2001.  Of the nearly 9 million acres of 

land developed between 1997 and 2001, pastures accounted for sixteen percent, cropland 

accounted for twenty percent, and forestland accounted for forty-six percent (Benedict, 

2006).  The developed farms and forests on the outskirts of America’s cities were once 

productive on ecological levels that decreased after development (Benedict, 2006).  

Developed lands typically grow to contain houses, stores, offices, and parking with 

occasional industrial development. 

Land development characteristically passes through four stages (Lazaro, 1990).  

The first stage (Figure 1) is rural.  Areas of land that are in a natural state, such as forest 

or meadow, and pastures or agricultural land are classified under rural.  The second stage 

(Figure 2) is the early urban phase.  Large plots of land with intact, indigenous vegetation 

contain homes with characteristics of those that would be located in the city. Some 

suburbs and small towns may be considered part of this second stage.  Middle urban, the 

third stage (Figure 3), is a mostly suburban situation and conglomeration of housing 

developments, shopping centers, schools, churches, industries, and significant land 

coverage devoted to streets.  The final stage (Figure 4), late urban, results from additional 



12 
 

development that covers nearly all land with manmade structures and amenities (Lazaro, 

1990).  Very little indigenous vegetation remains and the little vegetation that exists is 

often turf or landscaping with a few select trees or shrubs. 

 

Image Source: Lake Superior Streams. Lake Superior Duluth Streams Website.  <http:// www. 
duluthstreams. org/understanding/stormwater_hydrology. html>. 2007. 
Figure 1:   A rural situation without human development.  All natural vegetation 
and drainage exist. A minimal 10% of stormwater runoff occurs. 

 

 

Image Source: Lake Superior Streams. Lake Superior Duluth Streams Website.  <http:// www. 
duluthstreams. org/understanding/stormwater_hydrology. html>. 2007. 

Figure 2:   With some development but a large majority of the natural environment 
retained, a volume of 20% stormwater runoff occurs.  
 



13 
 

 

Image Source: Lake Superior Streams. Lake Superior Duluth Streams Website.  <http:// www. 
duluthstreams. org/understanding/stormwater_hydrology. html>. 2007. 

Figure 3:   Moderate urbanization, such as in suburbs, further limits infiltration of 
water with its hardscape and roof cover.  An increased 30% of stormwater runoff 
occurs. 

 
Image Source: Lake Superior Streams. Lake Superior Duluth Streams Website.  <http:// www. 
duluthstreams. org/understanding/stormwater_hydrology. html>. 2007. 

Figure 4:   A heavily urbanized environment can be traumatic to groundwater 
supplies and the health of the watershed.  The highest percentage of stormwater 
runoff occurs at 55%. 

 

Urbanization and development in the United States changed in approach during 

the twentieth century.  Exceptions always exist, but the standard way of design and 

development for communities, including residential and commercial, typically followed 

what was popularly desired for the day.  For instance, prior to the end of the Second 
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World War, development occurred on a lot-by-lot basis.  Ultimate convenience was the 

norm and consideration for land surrounding a site was not necessarily taken into 

account.  The priority of a site’s development was how it functioned as an individual.  

When excess water on a site became part of this development, it was removed as quickly 

as possible in the most opportune way.  Development was slow in the early twentieth 

century, so its impact was not the greatest concern to the majority.  The 1950’s followed 

as the offspring to this approach, often stripping the land to replace its surface with 

structures and amenities thought to be highly “efficient.”  The ecological haphazardness 

of development was soon noted by many, and although “efficient” ways of designed 

continued, some began to make suggestions for alternative ways of design and called for 

the contemplation of the affects this development pattern made on society, the economy, 

and the environment.  Again, excess water created by rainfall on developed areas would 

need a place, but instead of removing it quickly, a call to hold it on the site took place.  

By the 1970’s, the popularization of ponds and storage facilities for the water were urged.  

Such design elements were not the optimal solution, but the positive alternative to 

historically negative responses to a problem.  Creative, new ideas and rejuvenation of old 

ideas are produced over time, but their implementation in the developed landscape can 

only take place as fast as society will allow.  Urbanization affects society and the 

environment in numerous ways, but its impact on water systems has been particularly 

significant (Urban Land Institute, 1975). 

For example, increased urbanization brings an increase in impervious surfaces.  

Impervious surfaces, such as pavement and roofs, are easier to walk or drive on and keep 

the rain out of structures.  However, the surfaces’ prevention of water infiltration and the 
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general increase of slopes in the landscape to control the water diminish the land’s 

storage capacity for water.  Continued elimination of natural surface area, vegetation, or 

infiltration capability brings a site’s impervious cover closer to one hundred percent and 

its ability to take in rain water to zero (Lazaro, 1990).  The impervious situation of a site 

does not affect that site alone, because all land within a watershed affects the function of 

other watershed components. This means tributaries, streams, rivers, and often 

groundwater supplies are impacted by a single site.  In a natural watershed, rain settles 

into depressions, infiltrates into soil, and gets caught in or taken up by vegetation. Water 

flow below the soil surface takes place at a slow rate.  Surface flow also takes place once 

soil is saturated, but at a significantly reduced rate and volume.  Saturation is a slow 

process when water has multiple potential destinations.  An urbanized watershed, with its 

lack of storage and infiltration, witnesses almost immediate saturation of rain, resulting in 

rapid movement of water across the surface.  Almost no subsurface flow occurs and the 

concentration of only surface flow creates an unnatural surge in the amount of water 

entering the stream or river. 

 The impact of impervious surfaces due to urbanization has been documented 

throughout the twentieth century to the present time.  As an example, similar storms were 

graphed over nearly twenty years in a rapidly urbanized watershed.  As fewer options 

beyond rapid surface flow were left for rain water, the amount of water in the system 

peaked sooner and at higher rates to create a surge in the water system.  Earlier dates 

illustrate a slow discharge of water that peaks at approximately one third the volume of 

water than in later years.  Return to base flow, which the water volume originally began, 

took longer in earlier years because subsurface flow was present.  Laboratory tests have 
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also exhibited the effects of impervious surfaces.  For instance, models with one-hundred 

percent or fifty percent impervious surfaces showed that the impenetrable part maintained 

the same rapid flow, but this flow immediately reduced once it reached the pervious 

section of the fifty percent impervious model.  The fully permeable model showed a slow 

rise in the peak volume and slower return to natural base flow.  These results coincide 

with those in the first example.  This example is one of many studies that confirm 

impervious surfaces have a direct influence on water volume and timing related to runoff. 

(Lazaro, 1990). 

The changes brought on by impervious surfaces create a disruption in the natural 

water cycle. Flooding from access water rushing into the natural system can cause a 

reduction in property values. 

The impact of urban development on stormwater is a concern to residents, 

consumers, visitors, politicians, investors and employees in the area, occupants 

downstream, the watershed, those linked to Lake Erie, and future generations. 

The creation of roads often leads to the destruction of natural habitat, impediment 

of wildlife migration routes, the erosion of natural or culturally significant landscapes, 

and possibly a perilous obstacle for pedestrians who formerly used the area (Benedict and 

McMahon, 2006). 

The impacts of pollution from urban stormwater are directly associated with the 

stormwater runoff process. Each design and engineering decision becomes an immediate 

component of an expansive system.  Management design and laws must utilize a broad 

approach to controlling the damage (flooding, erosion/silt accumulation general 

degradation) resulting from the runoff of existing and new urban development.  This 
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broad approach must work to consider all solutions and regions that could connect with 

each site (Thomson, 1989).  Water quality contamination caused by land use that 

generates sediment, nutrients, or toxic qualities in water systems are referred to by the 

Clean Water Act as nonpoint source pollution, or NPS.  This phrase is used to reference 

both impacts on ground water and surface water.  The author of Poison Runoff, Paul 

Thomson, uses the phrase “poison runoff” in exchange for nonpoint source pollution to 

emphasize the impact it has on the environment and society (Thomson, 1989). 

Nonpoint source pollution is one of the major stressors on the United States’ 

receiving water bodies, according to the EPA. Dissolved materials and various particles 

can create an oversupply of oxygen, create a nutrient overload, or introduce toxic 

materials that impact life within and dependent on aquatic systems. These pollutants 

threaten human health when associated with drinking water, fish and shellfish.  Of the 

particles and dissolved materials, a minimum of 67 toxic pollutants have been detected in 

stormwater from urban areas, including heavy metals, pesticides, spilled petroleum and 

other chemical products and toxic organic pollutants (Thomson, 1989).  Stormwater 

runoff from highways and impervious surfaces associated with developed areas can cause 

high levels of arsenic, chromium, copper, lead, mercury, selenium and zinc to enter the 

water systems.  Exposure to such metals can result in deformities, fatalities, or negatively 

affect reproduction throughout the food chain (Sanders, 2001). Stormwater runoff from 

both urban and agricultural environments can cause high levels of nutrients, such as 

nitrogen and phosphorus, to foster excessive algae growth in ponds, lakes, and estuaries.  

Algal blooms diminish oxygen levels in water to create an environment fish and other 

aquatic organisms cannot live in (Thomson, 1989). 
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 Negative impacts of stormwater runoff that is not directly associated with 

dissolved materials include erosion and sedimentation. These impacts are the physical 

destruction of aquatic systems, and thermal stress (Mays, 2001).  The accumulation of 

sediments, dust, and other urban refuse can cause a shock within a stream system when 

stormwater washes them into the watershed at a high rate.  Stormwater runoff and 

incremental removal of the debris that accumulates can cause greater damage over time if 

allowed to continue in a destructive manner (Lazaro, 1990).  Physically, sediments can be 

one of the most destructive pollutants to both watershed system and systems constructed 

for stormwater use.  Streams and constructed systems cannot always transport the weight 

and volume of sediment loads.  Thus, sediments will settle and fill ponds, wetlands, 

reservoirs, and stream edges where they can damage the vegetation and wildlife that 

dwell there.  The filling of water retaining elements, like ponds, can always contribute to 

flooding where none existed before.  Water supplies are difficult to treat where sediment 

is concerned and scouring to remove the sediment can be destructive (Debo et al, 1994). 

 Urban areas utilize street gutters, swales (a vegetated gutter and/or shallow 

drainage channel), storm sewers, and roadside ditches for the removal of water.  These 

means of water removal have traditionally been “efficient” in an unsustainable sense.  

These means alone do not necessarily provide for filtration or treatment of stormwater. 

To transmit water from inlets to a determined outlet, storm drains are used. Storm drains 

are composed of a drainage system that typically consists of one or more pipes linking 

two or more drop inlets.  Adequate capacity is necessary for a storm drain to convey the 

stormwater runoff that enters the system (Debo et al, 1994). In design, one of the most 

critical factors in determining the size of engineering elements is the peak flow, or the 
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moment when the greatest volume of water is moving through the system. The peak flow 

of stormwater can be reduced via the storage of stormwater in basins, storm drains, 

swales, channels, and other detention devices like cisterns and green roofs.  Through such 

devices, stormwater can be released downstream at a slower rate than a large rain event 

occurring at a site without stormwater assistance structures (Debo et al, 1994). 

The 1987 Clean Water Act presented the development of Best Management 

Practices (BMP’s) for stormwater designs.  Because the traditional approaches for 

handling stormwater runoff showed an increase in erosion in streams and adversely 

impacted downstream flooding issues, the establishment of BMP’s was considered 

critical to development (Mays, 2001). 

 Rooftops comprise a significant portion of impervious surface cover in urban 

areas.  Residential areas typically possess ten to twenty-five percent of impervious area, 

while cities may possess around fifty percent.  In most cultures, a roof is solid and directs 

water off of the structure it shelters.   Because the roof comprises so much space and is 

directly associated with stormwater, it plays an important role in stormwater control. If a 

city with fifty percent coverage were to retrofit the old or construct the new roofs of its 

vicinity with stormwater control solutions, it is possible the stormwater system beneath 

the city that handled the 20-year storm could handle the 100-year storm.  Two potential 

solutions for rooftop control are structural development for the holding or storage of 

water on the roof, or the development of a green roof (Lazaro, 1990). 

Stormwater, as defined in this document, is water flowing over ground surfaces 

during and immediately following a rainfall. Sometimes stormwater flow may also 

include the water produced by melting snow or ice (Urban Land Institute, 1975). 
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Generally, rainfall will filter into soil or be taken in by plants in a well-vegetated 

situation, maintaining a high water quality in that area. It is important for rainwater to 

filter through soil so groundwater systems may be replenished. Paved surfaces and 

traditional roofs do not allow for such filtration and require that rainfall, or stormwater, 

be moved to another location quickly. This situation, typical in developed areas and a 

main characteristic of urban sprawl, has high runoff rates, causes streams to have very 

high peak flows with contrasting low flows, and produces a poor water quality. Land 

used for agriculture falls between the vegetated and developed examples when 

considering the amount and flow rate of stormwater (Frankenberger, 2000). 

The following items are results of stormwater runoff: 

 Increased frequency and severity of flooding--- 

When runoff from a storm is greater, the chance of the flow exceeding the stream 

capacity and flooding increases 

 Reduced ground water recharge--- 

Water that runs off of surfaces or is channeled through pipes cannot recharge 

ground water supplies. 

 Decreased base flow in streams--- 

This water flows all the time, even during dry spells. A continuous flow in 

streams is necessary for the aquatic health in streams. 

 Increased erosion--- 

Increased water flow can cause increased erosion. This may destroy banks and 

features in the water’s path and/or increase the amount of sediments in the 
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hydrological network. Increased erosion can also stress organisms that are not 

adapted. 

 Reduced natural filtration of the water--- 

The passage of water through soil acts as a filter. Pollutants attached to soil 

particles may be removed from water or eaten by microbes. Water quality suffers 

when this step is bypassed (Frankenberger, 2000). 

 

The mitigation of stormwater’s negative aspects is possible through structural solutions, 

especially when development is inevitable or has already occurred.  Ideally, solutions 

must be considered during the planning and design stages before development occurs.  

However, it is necessary to apply solutions to existing sites that did not receive the 

needed attention to stormwater or lacked more sustainable technology and ideas at the 

time of development.  Solutions must consider the region and climate in which they will 

be developed.  Each solution considers either the volume or quality of the water, or both. 

(Lazaro, 1990). 

 The volume of water to be managed is usually the first issue approached in 

traditional stormwater planning.  Because flooding and erosion are easily witnessed, 

excessive water volumes are an immediate concern.  Increases in holding capacity of a 

site or the ability to slow water’s velocity are the simplified ideas behind solving volume 

issues (Lazaro, 1990). 
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2.0   CONTROL SOLUTIONS FOR STORMWATER IN THE URBAN 
ENVIRONMENT 
 
 

Many control solutions for stormwater in the urban environment exist, with more 

creative solutions evolving over time.  Examples of design solutions include 

bioswales/rain gardens, basins, constructed wetlands, use of vegetation, and green roofs.  

Each site is unique and has different needs and requirements.  A design may include all, 

some, or none of the mentioned design element solutions.  Design solutions may be 

combined together to create a system, or stand alone depending on a site’s needs.  Every 

possible design solution for stormwater issues is not covered here, but others do exist and 

are being developed.  It is important that no matter what design solution is utilized, 

general considerations for the design of a stormwater system should include hydrologic 

parameters of the design site, the predominant pollutants in the storm runoff, stormwater 

storage volume, feasibility and safety factors of the design elements (Mays, 2001). 
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2.1   BIOSWALES/ RAIN GARDENS 
 
 Bioswales and rain gardens are depressed surface areas that provide an 

opportunity for stormwater to collect and be moved from a site through flow, infiltration, 

evaporation, and transpiration.  The core design principal of bioswales and rain gardens 

posseses comparable or equivalent elements.  However, bioswales tend to have a linear 

form to promote the conveyance of water in a particular direction, whereas rain gardens 

typically do not promote major stormwater transport.  Both of these features are typically 

vegetated, preferably with native plants that provide deep root systems and are hearty for 

the corresponding region (Rain garden Network, 2003).  Vegetation selection is crucial 

(see 2.4: Vegetation and Appendix A) if stormwater is to be handled successfully. 

Bioswales and rain gardens typically contain several layers with specified 

functions (Figure 5). The first layer, closest to the ground surface, is the pooling zone.  

This first layer is where stormwater initially collects and first contacts moisture tolerant 

vegetation (Figures 6 and 7).  Beneath the pooling zone is an area for detention and/or 

filtration.  If natural soil conditions do not provide enough filtration, sand, organic matter, 

or other elements to aid filtration might be added with the existing soil.  The lowest level 

zone is usually comprised of coarse aggregate or larger stones that act as a retention area 

or recharge zone for ground water. Sometimes a perforated pipe is included in this zone 

to carry excess water to a stream, cistern, basin, or other location. 



24 
 

 
Figure 5:   Bioswales and/or rain gardens are typically comprised of several layers. 
Not to scale. 

 
Figure 6:   Rain gardens can have many visual variations depending on what plants 
are used. This example illustrates flowering forbs and sedges in its wettest areas and 
drier areas with grasses, trees and shrubs. 
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Image Source: Brooklyn Botanic Garden. Brooklyn Botanic Garden Website. <http://www 
.bbg.org/gar2/topics/design/2004sp_rain gardens1.html> 2004. 
Figure 7:   Rain gardens can have many visual variations depending on what plants 
are used. This example utilizes lobelia and fern in the lowest, wettest area. 

 Bioswales and rain gardens are highly adaptable to urban spaces.  Both of these 

design elements are suitable for use in commercial, residential, and industrial locations. 

Pretreatment Best Management Practices such as general vegetated areas, filter strips, or 

other sediment capturing devices may be used before stormwater reaches a bioswale or 

rain garden (EPA, 2000).  Although sediment from stormwater may be handled by these 

areas, the bioswales and rain gardens typically should not receive excessive quantities of 

sediment (such as from construction areas or sites with high erosion, since this could clog 

them.  Locations such as within turf or garden areas, within general use parking lots 

(Figure 8), or locations where stormwater from roof systems can be captured (Figure 9), 

are examples of excellent bioswale or rain garden usage (Fairfax County, 2001). 
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Image Source: Rain Garden Network. Rain Garden Photo Gallery. <http://www. 
rain gardennetwork.com> 2007. 
Figure 8:   Rain garden photographed in 2006 at the Discovery Center in Kansas 
City, Missouri. Stormwater flows from surrounding hardscape to infiltrate into the 
vegetated swale. 

 
Image Source: Rain Garden Network. Rain Garden Photo Gallery. <http://www.rain 
gardennetwork.com>. 2007. 
Figure 9:   The Wisconsin Department of Natural Resources in Madison’s Rain 
garden in 2005. Stormwater flows from surrounding hardscape to infiltrate into the 
vegetated swale. 

Burnsville, Minnesota Rain Gardens Case Study 

 Burnsville, Minnesota worked to retrofit an existing, residential 5.3 acres drainage 

area (Figure 10) with a series of rain gardens, due to the decreased water quality of 

Crystal Lake.  The decreased water quality came from high levels of phosphorus carried 
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to the lake by stormwater, which resulted in algae bloom throughout the lake.  The rain 

gardens, defined by the city as shallow, vegetated depressions placed to collect runoff 

and allow water to soak into the ground, were implemented into an existing neighborhood 

of at least twenty years.  Existing stormwater control, that included curbs and gutters, did 

not make the creation of basins or other traditional methods practical.  Because the rain 

gardens would be woven into the fabric of the neighborhood, the city felt the visual 

amenity of the gardens(Figure 11) would increase the commitment and awareness of the 

residents so that the rain gardens would be well maintained (Minnsota Stormwater 

Manual, 2005). 

 Design and construction of the rain gardens focused on several elements.  First, 

because the greatest amount of sediments and other pollutants are swept away by 

stormwater in the first inch of rain, designs focused on the treatment of the first inch of 

rain during an average rainfall event.  Grading was critical for the rain gardens to 

function properly, so a landscape architect and engineer were brought in to work directly 

with the city and residents.  Close attention was paid to the soil’s properties and 

compaction was avoided at all times.  The native sandy soil in the area was utilized with a 

compost mix to encourage greater infiltration of stormwater.  Appropriate vegetation was 

chosen that would be both neat in appearance as well as lower maintenance, so as not to 

overwhelm residents with rain garden care (Minnesota Stormwater Manual, 2005). 

 The city of Burnsville, Minnesota conducted a study that compared and contrasted 

the neighborhood with established rain gardens with a nearby neighborhood that had only 

traditional lawn.  Data was collected for two summers, with general observations being 

made throughout the year.  The resulting data in 2004 showed that the rain gardens 
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reduced the runoff volume by eighty percent in 49 rain events.  Many of the pooling areas 

had no surface water within three to four hours.  The winter months had some ice build 

up in the rain gardens; however, ice melt would eventually infiltrate and no harmful 

effects were noted (Minnesota Stormwater Manual, 2005). 

 
Image Source: Minnesota Stormwater Steering Committee, 2005. 

Figure 10:   Plan showing the Control and Treatment watersheds established to 
collect data on rain garden function. 
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Image Source: Minnesota Stormwater Steering Committee, 2005. 

Figure 11:  View of a rain garden within the Burnsville treatment area. 

 The Burnsville findings are often referenced in bioswale and/or rain garden 

discussions to support their usage.  These effective BMPs may be combined with other 

stormwater treatment options, including basins. 

 

2.2   BASINS 
 Where areas must be disturbed for development, stormwater flow retardation 

measures should be utilized.  Retardation methods may include the use of detention 

basins, retention basins, infiltration basins.  Each of these methods may also be 

considered surface ponds, which are a conventional solution for maintaining stormwater 

in a designated area.  Ponding in basins is a preventative solution that holds water at one 

or more locations on a site.  This stormwater holding method helps prevent flooding 

downstream, may be used to handle large areas in need of drainage, presents an 

opportunity to create habitat, provides a situation for pollutants and sediments to settle, 

and can reduce nutrients, metals, and biochemical oxygen demand (Lazaro, 1990 and 
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Minton, 2005).  Basins are constructed typically through cut and fill methods to allow a 

predetermined amount of stormwater to be held.  Whether intended to create a permanent 

wet condition or to eventually be dry, basins typically provide for stormwater to be held 

at rest during dry weather.  Detention basins , the most common method of stormwater 

control for communities and residential areas, are designed to hold stormwater without 

methodically releasing any stormwater overflow.  Although not all basins have removal 

structures, some basins may possess structures that assist with the removal of water 

overflow at a certain point.  The water is then transported to another basin, stream, or 

water outlet (Lazaro, 1990).  Usually much larger than detention basins, retention basins 

(Figure 12) are a ponding method that releases stormwater overflow slowly through 

outlets, once water has reached a designated volume.  When it rains, stormwater will flow 

into the retention basin causing previously obtained stormwater to flow out.  A major 

concept of the retention basin is that the water flowing out will already have lost much of 

its pollution load, thus new stormwater replenishes the basin and contains pollutants that 

will in turn settle out (Mays, 2001).  Infiltration basins hold water temporarily and allow 

it to slowly enter the ground, thus replenishing ground water supplies (Mays, 2001).  

Basins are sometimes designed with an impermeable lining established on surfaces, but 

with infiltration basins, a basin may be created so that water slowly infiltrates into the 

ground, thus reducing water levels without sole dependence on evaporation, transpiration, 

or means of physical removal.  Stormwater that is allowed to infiltrate into the soil below, 

aids in replenishing groundwater supplies.  However, the efficiency of this infiltration 

must consider the soil conditions on and surrounding a site, as well as the groundwater 

situation.  The infiltration efficiency and amount depend on the distance to the local 
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groundwater table and whether soil possesses advantageous properties that allow water to 

safely infiltrate soil at a safe rate.  For general basin design, it is necessary to know the 

desired storage volume for the designed rainfall event, overflow risk between two storm 

events, and soil infiltration rate on the land surface, but an infiltration basin in addition to 

this must consider seepage rate through the underlying soil medium and have an 

assessment of water mounding effects on the local groundwater table.  The challenge in 

the design of infiltration facilities is to assure that the facility will capture the target 

runoff amount and the subsurface geometry can sustain the designed infiltrating system 

(Mays, 2001). 

 

Image Source:  Yu, S.L., S.L. Barnes, and V.W. Gerde. Testing of Best Management Practices 
for Controlling Highway Runoff. Virginia Transportation Research Council, Charlottesville, 
Virginia: Virginia Transportation Research Council, 1993. 

Figure 12:  Plan view of a typical retention basin and its components. 
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 Basins have had negative connotations associated with them.  For example, basins 

have been known as drowning hazards when constructed with steep sides leading directly 

into deep water.  Habitat for native plant and wildlife species that may have remained 

intact is often removed to create the basins without features for sustaining habitat 

designed as part of the basin.  Also, if the basin becomes congested with sediment and 

debris, it can generate more damage than it was created to prevent (Mays, 2001).  Since 

1935, trial and error has changed the standard for basins designed to deal with stormwater 

(Lazaro, 1990). 

 It is possible for the quality of water in a basin to deteriorate over time.  Because 

basins hold water and usually have steep slopes without vegetative systems around their 

perimeters, filtration and natural maintenance does not occur.  To reduce this problem, 

the basins require periodic maintenance.  The incorporation of natural habitat situations 

and gentle slopes or tiers may help improve water quality.  Compared to typical 

underground systems, basins possess several positive aspects.  Generally, basins are 

cheaper to maintain due to easier access and make water available to help recharge urban 

aquifers (Lazaro, 1990). 

As one of the most popular means for stormwater control, basins are often 

compared to subsurface structures for stormwater, which can be equally popular.  Storage 

of stormwater in subsurface structures is an option where surface stormwater systems are 

not applicable.  Limited space and liability issues are major reasons for subsurface 

structural use.  When space availability or the form of the land surface does not allow for 

design on the land, an underground solution may remain the only option that does not 

lead to high volumes of stormwater gushing into an area’s system.  Liability issues come 
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about where ponding or swales exist, because of their high visibility and the potential for 

careless individuals to fall into them.  A positive aspect of the subsurface structure option 

is that it may be easily incorporated into existing systems where flooding or other 

negative issues arise, with little alteration to the surroundings.  It is the high potential for 

these systems to be incorporated with others to make a combination system that creates a 

high level of appeal to the designer.  The use of subsurface stormwater structures allows 

for the incorporation of a filtration system that can remove sediments and some 

pollutants.  However, the use of subsurface structural methods does not allow for 

individuals to witness how stormwater is managed and neatly puts the issue out of sight 

(Mays, 2001). 

 A basin may be designed to include a wetland around part or all of its edge.  The 

presence of a wetland can lead to greater success with the removal of pollutants, the 

settling of Total Suspended Solids (TSS), overall ecological benefits, and aesthetics. 

 



34 
 

 
2.3   WETLANDS 

Constructed wetlands that are created for stormwater treatment are rooted in the 

understanding of how natural wetlands function.  Wetlands may be combined with other 

design elements, but design and construction requires those involved with a project to be 

dedicated to understanding how to balance a wetland’s many components.  Constructed 

wetlands have both positive and negative attributes associated with their construction. 

 

Positive Attributes of Constructed Wetlands 

 General flood control on site and downstream 

 Downstream channel protection 

 Groundwater recharge 

 Pollutant removal (See Table 1) 

 Habitat creation and opportunity to utilize lower maintenance native species 

 Aesthetic interest 

 

Negative Attributes of Constructed Wetlands 

 For a wetland and its vegetation to survive, understanding along with cautious 

design and construction must be implemented 

 Constructing wetlands may require more space that is available for a particular 

project or site 

 Wetlands might be seen as havens for mosquitoes by some 

 Wetlands function at different rates throughout the year depending on seasons 

 Not practical in dry climates (Center for Watershed Protection, 1998) 
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Wetlands are capable of removing pollutants in stormwater.  Pollutant removal 

can take place through pollutants attaching to wetland sediments or biota, degradation, or 

export of pollutants into the atmosphere or groundwater.  Wetlands treat pollutants 

through either physical or chemical removal.  No one method occurs in a wetland, but 

rather an entire system of pollutant removal functions act together as a network. The 

physical and chemical components of the network include sedimentation, adsorption, 

precipitation, dissolution, filtration, biochemical interactions, volatilization, and 

infiltration. Wetlands increase the time of detention in one area, and thus increase the 

opportunity for sediments to settle.  Due to the density of vegetation and general wetland 

conditions, turbulence does not occur in wetland situations like it would in open streams 

(Terrene Institute, 1994). 

Pollution removal depends on many variables, ranging from vegetation and soils 

to overall environmental conditions.  Reviewed wetlands show the removal of 76 percent 

of total suspended solids (TSS), which may be a significant indicator for the removal of 

pollutants.  When analyzed, constructed wetlands have shown to be more successful in 

removing pollutants and TSS because of their designs specifically target such removal. 

Along with suspended solid pollutants, wetlands may remove pollutants associated with 

particulate matter, such as dissolved, heavy metals and phosphorus (Terrene Institute, 

1994).  Metals that are sometimes found in wetlands include lead, copper, zinc, 

chromium, cadmium, nickel, mercury, arsenic, selenium, aluminum, and manganese 

(Terrene Institute, 1994).  Nutrient removal in wetlands may vary between seasons and 

individual wetlands (Terrene Institute, 1994).  Table 1 shows the Center for Watershed 
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Protection's pollutant removal data from the National Pollutant Removal Database for 

Stormwater Treatment Practices. 

Typical Pollutant Removal Rates of Wetlands (%) 
Pollutant Stormwater Treatment Practice Design Variation

Shallow Marsh ED Wetland1 Pond/Wetland 
System 

Submerged Gravel 
Wetland1 

Total 
Suspended 

Solids 

83 ± 51 69 71 ± 35 83 

Total 
Phosphorus 

43 ± 40 39 56 ± 35 64 

Total Nitrogen 26 ± 49 56 19 ± 29 19 
Nitrogen 
Dioxide 

73 ± 49 35 40 ± 68 81 

Metals 36 - 85 (-80) - 63 0 - 57 21 – 83 
Bacteria 761 NA NA 78 

1:Data based on fewer than five data points 
Table Source:  Winer, 2000. 

Table 1:   Typical pollutant removal rates of various constructed wetland types. 
 

Constructed wetlands differ from natural wetlands in that they are specifically 

designed to treat stormwater and may not contain as many natural elements, such as 

animals or vegetation diversity, but will posses other utilitarian components for 

functionality that are not necessarily found in a natural setting.  These designed 

components will vary and can be intertwined with a variety of creative solutions.  A 

constructed wetland for stormwater treatment may possess a designated inflow area(s) 

where the majority of stormwater enters, followed by an area for heavy deposits of 

sediment (sometimes called a forebay).  Varying levels of topography throughout the 

wetland strategically placed can create a situation for water levels to vary for a range of 

storm events and be combined with mounding/barriers to prevent stormwater from 

flowing into unwanted areas (Figure 13).  The varied topography will create different 
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levels of wetness that may then be planted with vegetation appropriate to the designed 

level of water tolerance.  Typically these wetlands will result in an outlet from which 

excess stormwater is released once it has been treated or in a major storm event.  Figure 

14 shows one example (not to scale) of how these components could be arranged in a 

constructed wetland situation. 

Image Source:  Martin and Smoot, 1986. 

Figure 13:  Profile example of a constructed wetland with varied topography 
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Image Source:  Center for Watershed Protection, 1998. 
Figure 14:  Example of a constructed wetland in plan view and profile view. 

Constructed wetlands may be combined with other design elements to create a 

solution unique to each site.  Figure 15 shows one example of how basins/ponding may 

be combined with a wetland element.  A basin placed at the inflow location acts as a 
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forbay to allow larger sediments to settle out, thus reducing stress on the constructed 

wetland and limiting maintenance where major disturbances could harm established 

vegetation and/or habitat. 

 
Image Source:  Center for Watershed Protection, 1998. 
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Figure 15:  Example of a constructed wetland combined with basins/ponding in plan 
view and profile view. 

The hydrology of a wetland situation largely impacts the type of wetland plants 

that are utilized for a design.  Since tolerance of individual plant species varies, saturation 

levels and water depth throughout a site must be determined throughout the design 

process.  Flooding that is not natural to a particular wetland type can increase anaerobic 

conditions and lower the oxidation-reduction of soil, thus making it difficult for plants to 

survive because nutrient availability is reduced.  Stormwater that will increase the 

volume of existing water mass significantly must be considered if it is directed into other 

water bodies, existing wetlands, or even poorly designed constructed wetlands (Terrene 

Institute, 1994). 

Constructed wetlands for stormwater may be placed into four categories, 

according to Thomas Schueler (1992).  These categories are: 

 Shallow Marsh System--- 

This requires a large amount of space and a reliable groundwater supply or 

base flow to support vegetation.  The wetland’s large surface is based on a 

contributing watershed of more than 25 acres. 

 Pond/Wetland System--- 

This system consists of a wet pond and a shallow marsh.  The system 

utilizes less surface area than the Shallow Marsh System. 

 Extended Detention (ED) Wetland--- 
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A shallow marsh is constructed, but an additional storage is provided 

upstream for temporary runoff.  Vegetation extends from the normal pool 

line to the maximum designed elevation for the water’s surface. 

 Pocket Wetlands--- 

These wetlands vary greatly in design and may or may not reach a source 

of baseflow and have an irregular water level.  They are typically designed 

small and are highly individualized for unpredictable new sites or existing 

sites. 

 

Coffee Creek Case Study 

 The Coffee Creek community in Chesterton, Indiana is a designed community 

with the goal of integrating sustainable, ecologically aware planning with traditional 

neighborhood design.  The community is interwoven with the stream, Coffee Creek, 

which influenced nearly every aspect and consideration of design.  The 640-acre site 

contains a 180-acre conservation district that utilizes constructed wetlands (Figure 16) to 

maintain the naturally occurring hydrology of the site.  The wetlands are intended to 

relieve Coffee Creek of excess pollutants and massive erosion, while providing some 

relief from flooding.  Trails and park features are intertwined with a restored 150-acre 

riparian corridor along the creek that fuses with the wetlands.  The wetlands and natural 

buffer work to assist in accomplishing the site’s goal to restore Coffee Creek’s ecosystem 

as close to its original condition as possible, through slow water discharge, increased 

infiltration, water quality improvement, and groundwater recharge.  The Coffee Creek 

community aims to balance human communities with the ecological needs of the 
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landscape.  Another goal of the community is to provide a model and data that may then 

be utilized by engineers, planers, architects, and landscape architects (Coffee Creek 

Center, 2008). 

 
Image Source: Author. 
Figure 16:  View of Coffee Creek restroom facility that has wastewater and stormwater treated by 
constructed wetlands. 

 
Waterworks Garden Case Study 

 The Waterworks Garden in Renton, Washington, is a garden that combines the 

physical purification of stormwater through wetlands at the wastewater treatment plant 

with education and artistic design (Figure 17) in a park like setting.  The garden is part of 

an 80 acre expansion of the existing Water Reclamation Plant.  Design components of the 

garden include sculptural elements (Figures 18), wet ponds, wetland enhancement 

(Figures 19). walkways for the public, and spaces designed to be like rooms with focal 

points.  Vegetation was selected for both pollutant removal properties and aesthetics.  
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Sculptural features include blown concrete and textured materials that help to settle 

sediments from water. 

 The artist who acted as head of the project team, Lorna Jordan, describes the 

project as such: 

The project uses the conceptual framework of “the garden” as the philosophical 

balancing point between human control and wild nature.  Thus, the gardens 

complement the controlled treatment plan processes while providing a natural, 

organic way to reclaim water that shifts the balance toward nature.  Landforms, 

plantings, water bodies, and garden rooms combine to form an abstract flowering 

plant, symbolid of the filtering power of plants to cleanse water (Waterworks 

Gardens, A Public Art Project, 1990). 

 
Figure 17:  Waterworks Garden’s plan view reveals an artistic design incorporating 
the progressive steps of stormwater filtration from a beginning to an end. 
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Figure 18:  Artistic elements are woven into the design of the Waterworks Garden. 
Textures and edges trap sediment and create obstacles for pollutants. 

 

 
Image Source of Waterworks:  Renton East Division Water Treatment Plant Waterworks Gardens 
Cleansing Art, 1/97, pp. 44 East Division Water Treatment Plant, Renton, Washington 
Waterworks Gardens Cleansing Art, 1/97, pp. 92 
Figure 19:  The garden’s final stages of filtration and cleansing. Vegetation and 
wetland conditions are utilized to pull pollutants from the water before it is released 
into the water shed.
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2.4   VEGETATION 

Vegetation selection is crucial when establishing any infiltration feature that is 

intended for water to flow through it, including wetlands, rain gardens, bioswales, or 

vegetated buffers. Vegetation plays a vital role in the reduction of pollutants by filtering 

nutrients and sediments and providing stabilization of soils.  The velocity of water 

decreases as vegetation increases due to the friction caused by stems, leaves, and other 

plant components. Through evapotranspiration, plants take in water during the growing 

season and then release it into the atmosphere (Turner and Gannon, 2007).  Although trees 

and shrubs may be part of a conceptual design, often the majority of area acting for 

stormwater treatment should be composed of grasses, sedges, rushes, and forbs.  

Rhizomotous species are important because they create intricate root systems (Figure 20) in 

the soil to prevent erosion and are able to tolerate the flow of water without becoming 

dislodged from the soil (Spence, 2006). Appendix A lists potential species for use in the 

general Midwest region. 
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Image Source:  JFNew, 2008. 

Figure 20:  Profile view showing the root systems of some native vegetation (1-9) 
compared to a standard turf grass (10). 

Vegetation establishment has been shown to decrease the amount of stormwater 

runoff from a site in comparison to non-vegetated land situations.  Whether primarily 

herbaceous, shrub, or tree plantings are used, the results show a decrease in stormwater 

quickly leaving the site.  One example of trees greatly impacting runoff comes from 

England.  A group of farmers from Pontbren reduced the amount of grazing land their 

cattle dwelled upon by planting trees to be ecologically friendly and to provide shade for 

their animals.  The farmers noted that the newly established woodland appeared to absorb 
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far more water than the grazed areas.  Scientists from the Centre for Ecology and 

Hydrology in Bangor, England worked with the farmers to conclude that the wooded 

areas absorbed sixty times more water than the grazed sections.  The conclusion was that 

the planting of trees could assist in greatly reducing floods (Benedict, 2006). 

 The Ohio Prairie Nursery, specializing in native plants of northeastern Ohio, is a 

nursery with available plant mixes that may be used for the establishment of vegetation 

within infiltration areas such as wetlands, rain gardens, bioswales, vegetated buffers or 

other areas. This business is the site’s closest supplier of native plant mixes (Figure 21) 

using species with regional genetics. The following North Eastern Ohio Moist Meadow 

Mix is a recommended example specification for use on the site.  It is a mix available in 

the region of the concept design that represents the typical Ohio meadow before 

European settlement.  The approximate height of fully grown plants is six feet and 

includes a variety of purple, blue, and yellow blooms (Ohio Prairie Nursery, 2007). 

North Eastern Ohio Moist Meadow Mix: 

Elymus canadensis - Nodding Wild Rye 

Andropogon gerardii - Big Bluestem 

Panicum virgatum - Switch Grass 

Asclepias tuberosa - Butterfly Weed 

Liatris pycnostachya - Prairie Blazingstar 

Liatris spicata - Dense Blazingstar 

Tradescantia ohiensis - Ohio Spiderwort 

Asclepias incarnata - Swamp Milkweed 
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Desmodium canadense - Showy Tick Trefoil 

Ratibida pinnata - Grey-Headed Coneflower 

Solidago rigida - Stiff Goldenrod 

Monarda fistulosa - Wild Bergamot 

Silphium terebinthinaceum - Prairie Dock 

Asclepias syriaca - Common Milkweed 

Aster umbellatus - Flat-topped White Aster 

Eupatorium maculatum - Spotted Joe Pye 

Physostegia virginiana - Obedient Plant-Purple 

Scirpus atrovirens - Dark Green Bulrush 

Aster novae-angliae - New England Aster 

Verbena hastata - Blue Vervain 

Penstemon digitalis - Foxglove Beardtongue 

Rudbeckia hirta - Black-eyed Susan 

Eupatorium perfoliatum - Common Boneset 

Lobelia siphilitica - Great Lobelia 

Pycnanthemum tenuifolium - Narrow Leaved Mountain Mint 

Scirpus cyperinus - Woolgrass 

Solidago nemoralis - Dwarf Goldenrod 

Helianthus grosseserratus - Sawtooth Sunflower 
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The Ohio Prairie Nursery produces a Rain Garden Native Seed Mix for use in rain 

gardens where moisture extremes take place.  This vegetation list consists of Ohio 

floodplain species that tolerate dry and submerged conditions. 

Rain Garden Native Seed Mix: 

Carex comosa - Bristly Sedge 

Carex crinita - Fringed Sedge 

Carex grayi - Gray's Sedge 

Carex lurida - Shallow/Lurid Sedge 

Carex vulpinoidea - Brown Fox Sedge 

Elymus virginicus - Virginia Wild Rye 

Scirpus atrovirens - Dark Green Bulrush 

Scirpus validus Great/Soft-stemmed Bulrus 

Aster novae-angliae - New England Aster 

Echinacea purpurea - Purple Coneflower 

Iris versicolor - Northern Blue Flag 

Liatris spicata - Dense Blazingstar 

Lobelia cardinalis - Cardinal Flower 

Lobelia siphilitica - Great Lobelia 

Mimulus ringens - Monkey Flower 

Monarda fistulosa - Wild Bergamot 

Physostegia virginiana - Obedient Plant-White 

Veronicastrum virginicum - Culver's Root 
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Figure 21:  Native vegetation containing many of the species listed in the mixes.



51 
 

 

 
 

 
2.5   GREEN ROOFS 

Green roofs are a viable design solution for the reduction of stormwater runoff. 

Green roof systems utilize vegetation, layers of soil-like substances, and layers of 

drainage materials to slow the velocity of rainfall and thus reduce the volume of water 

rushing from a site. According to Green Roofs for Healthy Cities (2006), a green roof is 

also described as “a contained green space on top of a human-made structure below, 

above, or at grade. Each green roof is unique and often designed to achieve multiple 

objectives and performance results.”  Green roofs improve the climate in urban 

environments, act as detention areas for the storage and evaporation of rainwater, as well 

as provide economic and aesthetic benefits (Dreiseitel, 2001). 

The on-site stormwater management resulting from green roofs offers a 

tremendous advantage over design involved with treating stormwater only after if flows 

off roof hardscape.  By addressing with precipitation at the point it meets the land and 

built structures, stormwater can be treated and/or reduced efficiently.   Although the 

design of a particular roof varies, a green roof is capable of reducing total stormwater 

runoff by 60% and can detain about 85% of precipitation throughout the time of the 

greatest volume of water in the system (peak flow) during a rainfall event.  A green roof 

handles stormwater by storing the water in its various layers or vegetation soaking it up. 

Often it is found runoff is drastically reduced by these means (Figure 22).  In addition, 

this system may be combined with cisterns, additional storage and even natural processes 

like evaporation (Green Roofs for Healthy Cities, 2006). 
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Image Source: Green Roofs for Healthy Cities. Website: <http:// www.green roofs.net>, 2005. 
Figure 22:  A green roof (G) and reference roof (R) were utilized to compare a rain 
event over a fifteen hour period of 1.3 inches in 2001. Runoff was delayed and 
volume decreased by the green roof. 

The establishment of Green roof systems can result in multiple economic benefits.  

These benefits include a potential reduction in utility costs for heating and cooling 

through insulation (Figure 23), extended life of the roof membrane reducing frequent 

replacement costs, sound insulation, possible increase in employee productivity, and the 

creation of an aesthetic space that may attract people.   

Utility cost savings stand as one of the most appealing benefits of a green roof 

besides stormwater runoff reduction.  Savings may be reduced through insulation use and 

vary according to a building’s size, surrounding environment, and type of green roof 

utilized.  An average one story building with a green roof composed of grass and about 

four inches of growing medium was found by Environment Canada to reduce summer 

cooling utilities by 25%.  Experiments in Ottawa, Canada found a 95% reduction in heat 

gains and 26% reduction of heat loss by an extensive green roof with six inches of 



53 
 

growing medium when compared to a typical roof (Green Roofs for Healthy Cities, 

2005). 

 

 
Image Source: Schmidt, Marco. Reproduced by Green Roofs for Healthy Cities. Website: <http:// 
www.green roofs.net>. 2005. 
Figure 23:  The energy balance between a bitumen (hardscape) roof and a green 
roof on a daily basis under the same environmental conditions. 



54 
 

The following Table 2 is an example provided by Green Roofs for Healthy Cities 

that shows the economic benefits of green roofs if all the buildings in Toronto were each 

covered by 75% of green roof.  

Category of benefit Initial cost savings 
(Canadian dollar) 

Annual cost savings
(Canadian dollar) 

Stormwater 
Alternate best management practice 
avoidance  

$79,000,000  

Pollutant control cost avoidance $14,000,000  
Erosion control cost avoidance $25,000,000  
Combined Sewer Overflow 
Storage cost avoidance $46,600,000  
Reduced beach closures  $750,000 
Air Quality 
Impact of reduction in CO2, NO2, PM10, 
SO2 

 $2,500,000 

Building Energy 
Savings in annual use  $21,000,000 
Cost avoidance due to peak demand 
reduction 

$68,700,000  

Savings from CO2 reduction  $536,000 
Urban Heat Island Effect 
Savings in annual energy use  $12,000,000 
Cost avoidance due to peak demand 
reduction 

$79,800,000  

Savings from CO2 reduction  $322,000 
Total $313,100,000 $37,108,000 
Table source: Doshi et al, 2005. 
Table 2:  City of Toronto green roof implementation summary of municipal level 
environmental benefits 

 
Green Roof Categories 

 Green roofs are divided into three types: extensive, intensive, and semi-intensive.  

Often extensive green roofs are utilized for maximum stormwater treatment and storage. 

These roofs have limited access and may be very simple in appearance and plant pallet.  

Intensive green roofs are able to have a greater complexity and variety of design options, 
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but are generally more expensive and need a greater load capacity.  The semi-intensive 

green roof is a compromise between the varying features. The tables found below (Tables 

3 and 4) show the characteristics and advantages of the varying roof types (Green Roofs 

for Healthy Cities, 2006). 

CHARACTERISTIC EXTENSIVE SEMI-INTENSIVE INTENSIVE 

Growing Medium 
Depth 

6” or less 25% above or below 
6” 

More than 6” 

Fully Saturated Weight Often 
inaccessible 

May be partially 
accessible 

Usually 
accessible 

Fully Saturated Weight Low: 10-35 
lb/ft² 

Varies: 35-50 lb/ft² High: 50-300 
lb/ft² 

Plant Diversity Low Greater Greatest 

Cost Low Varies Highest 

Maintenance Minimal Varies Varies, but is 
generally high 

Table Source: Green Roofs for Healthy Cities, 2006. 
Table 3:  Characteristics of the various types of green roofs. 

EXTENSIVE SEMI-INTENSIVE INTENSIVE 

Lightweight Combines best features of 
extensive and intensive 

Greater diversity of 
plants 

Suitable for large areas Utilizes areas with greater 
loading capacity 

Best insulation properties 
and stormwater 
management 

Low maintenance costs 
and may be designed  
for no irrigation 

Greater coverage at less  
cost than intensive 

Greater range of design 

More suitable for retrofit 
projects 

Average maintenance Usually accessible 

Lower capital costs Greater plant diversity than 
extensive 

Greater variety of human 
uses 

Easier to replace Greater opportunities for 
aesthetic 
Design than extensive 

Greater biodiversity 
potential 

Table Source: Green Roofs for Healthy Cities, 2006. 
Table 4:  Green roof type advantages. 
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Layering System 

 The many-layered system of a green roof allows for stormwater management, 

improved quality of the surrounding environment, along with other varying benefits.  The 

layering system of a green roof typically follows a particular order. The following layers 

are what may characteristically occur from the roof up. 

• Building’s actual structural roof 

• Waterproofing membrane proven to be of excellent quality 

• Single or multiple layers of insulation for sound, indoor temperature control or 
other use (optional)  

• Drainage layer with possible stormwater storage capabilities 

• Filter fabric  

• Growing Medium 

• Vegetation that is suitable  

• Gravel or other material around utilities and roof edges serving as a low-
maintenance area of for safety and accessibility 

 

Layers have varying degrees of importance that are clearly shown below in Table 5. 

NECESSARY OPTIONAL 
Waterproofing Membrane 

Drainage Layer 

Root Barrier 

Filter Cloth 

Growing Medium 

Vegetation 

Membrane Protection                Layer Railings 

Insulation                                   Lighting 

Water Retention Layer 

Erosion Protection Layer 

Irrigation System 

Water Features 

Walkways 

Curbs and Borders 

 

Table Source: Green Roofs for Healthy Cities, 2005. 
Table 5.  Green roof layer components categorized as either necessary or optional 
(Green Roofs for Healthy Cities website, 2005). 



57 
 

Layer Components 

 Although the appearance of the layering system will vary according to materials, 

depths, and other design situations, a typical visualization can be created to understand 

green roofs.  Illustrated below is a typical green roof cross section (Figure 24) and a cross 

section of green roof functionality (Figure 25). 

   
Figure Source: Green Roofs for Healthy Cities website. <http://www.green roofs.org>, 2005.  
Figure 24.  Cross Section of a typical Green Roof 
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Figure Source: City of Portland, Bureau of Environmental Services, 2007. 
Figure 25.  Cross Section illustration green roof functionality. 

 
Roof Structure 

Green roof construction is not viable if the load capacity of the intended roof 

structure cannot support it.  Both existing roofs and roofs to be constructed are capable of 

accommodating a green roof with appropriate load capacity.  The amount of load must 

consider materials to be used, amount of stormwater to be stored, if snow will 

accumulate, and the number of people allowed to access the roof.  Typically, extensive 

green roofs are compatible with wood or steel decks with a weight between 15 and 30 

pounds per square foot.  Intensive green roofs often require concrete supporting decks 

and may weigh over 36 pounds per square foot.  Although the need for aesthetics and 

sustainable benefits should always be taken into account, the load capacity will always 

determine design limits. 
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Waterproof Membrane 

Waterproof membranes allow for stormwater runoff during intense precipitation 

events and prevent water from leaking into a building structure.  This layer must resist 

hydrostatic pressure and work well both physically and chemically with the other roof 

components. This layer will in turn receive environmental protection from the layers 

above it, thus prolonging its life span (Green Roofs for Healthy Cities, 2006).  

 

Drainage Layer 

Drainage layers are utilized to create a balance between the amount of water 

needed to sustain the vegetation and the amount necessary for removal so as to not harm 

the roof’s structural integrity or the waterproofing.  Multiple tasks can be accomplished 

through the drainage layer.  These may include acting as an obstruction to root 

penetration, storage of stormwater, increase durability of the system, enhance the 

functionality of insulation, and additional membrane protection.  This layer may be either 

simple or complex.  A combination of porous mats, granular media, rigid drain board, 

roof drains, gutters, eaves troughs, drain pipes, or moisture retention mats may be utilized 

to create drainage layers. Quality of these materials is important so that they do not 

degrade quickly and cause the roof system to fail. (Green Roofs for Healthy Cities, 

2006). 
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Root Barrier 

A root barrier prevents plants from compromising the waterproofing and may be a 

chemical or physical barrier. This barrier needs special consideration when working with 

manufacturers to be sure that it does not chemically react with other roof components. A 

root barrier is not to be considered the sole waterproofing component due to some 

waterproofing elements’ lack of ability to block damage caused by roots. Even if plants 

are chosen that do not have aggressive root systems, self-establishing species may find 

their way to the site and cause damage (Green Roofs for Healthy Cities, 2006). 

 

Filter Fabric 

Filter fabric serves several necessary functions in the green roof system. 

Foremost, it is durable and created from non-woven material that may be used as an 

individual layer or multiple layers. It also allows growing medium to remain in place. 

This layer prevents particles from moving into the drainage layer and thus allows 

drainage to operate smoothly without becoming clogged.  This fabric may be considered  

a separate layer or may be integrated with the drainage layer depending on design needs 

(Peck et al., 2002). 

 

Growing Medium 

Acting as a substitution for what vegetation grows in, the growing medium is an 

engineered substance composed of both organic and inorganic, lightweight compounds.  

This substances allows for drainage, a place or vegetation to root and stabilize, and 

allows for healthy growth.  Often, nutrients from the surrounding environment will find 
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their way to the growing medium and provide additional benefit for plants.  The small 

spaces found between the growing medium components allow for stormwater storage. 

Soils from a site’s surroundings must never be used unless tested and specified as an 

additive to the planting medium element by a professional (Green Roofs for Healthy 

Cites, 2006). 

 

Vegetation 

Vegetation is both functional and aesthetic for a green roof.  Functionally, 

vegetation serves a primary role when it takes up much of the water brought to the roof 

by precipitation.  It is also capable of insulating, providing shade, collecting particles 

and/or pollutants from the air, and creating a cooling affect by releasing moisture into the 

air.  Plant selection must not only be based on aesthetics, but on the vegetation’s ability to 

survive in the site’s macro and micro climates, the ecological appropriateness to the 

environment and its ability to function for positive stormwater management. A wide 

range of plants may be utilized, varying from the commonly used Sedums to vegetation 

native to the region. Vegetation may be designed in monocultures, a simple layout with 

only a few species, or with the goal of creating entire plant communities. Table 6 shows 

the kinds of vegetation that may be considered when creating a design.  Appendix A lists 

native plants that could be used if determined functional on a roof situation where a 

native pallet is needed. 
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Depth Inaccessible/ 

Invisible 
Inaccessible/Visible 
from a Far Distance 

Inaccessible/ 
Visible from a 
Close Distance 

Accessible 

0-2 in 
(0-5 cm) 

Simple sedum/ moss 
communities 

Simple sedum/ moss 
communities 

Simple sedum/ moss 
communities 

Simple sedum/ 
moss communities 

2-4 in 
(5-10 cm) 

 Dry meadow 
communities, low-
growing drought 

tolerant perennials, 
grasses and alpines, 

small bulbs 

Dry meadow 
communities, low-
growing drought 

tolerant perennials, 
grasses and alpines, 

small bulbs 

Dry meadow 
communities, low-
growing drought 

tolerant perennials, 
grasses and alpines, 

small bulbs 
4-8 in 

(10-20 cm) 
  Semi-extensive 

mixtures of low to 
medium dry habitat 
perennials, grasses 
and annuals; small 
shrubs; lawn, turf 

grass 

Semi-extensive 
mixtures of low to 
medium dry habitat 
perennials, grasses 
and annuals; small 
shrubs; hardy sub-

shurbs 
8-20 in 

(20-50 cm) 
   Medium shrubs, 

edible plants, 
generalist 

perennials and 
grasses 

20+ in 
(50+  cm) 

   Small deciduous 
trees and conifers 

Table Source: Dunnet and Kingsbury, 2004. 
Table 6:  Plant Selection and Visibility/Accessibility for green roofs. 

If the type of green roof is extensive, then typically Sedum would be 

comprehensively used.  Many plants of the Sedum genus have proven to be durable and 

capable of withstanding temperature and moisture fluctuations.  An intensive green roof 

may have a wide variety of plants ranging from short Sedums to tall North American 

Prairie species.  Trees and shrubs are also an option as long as the overall structure can be 

supportive. 

It is important that other factors besides plant selection be considered during the 

design and maintenance plan creation stages.  Factors like selection of vegetation not 

suited to the site’s climate, improper drainage that may cause roots to rot, neglected 



63 
 

maintenance, and inadequate growing medium type and depths must be carefully checked 

(Green Roofs for Healthy Cities, 2006). 

 

Post Construction 

Following construction of a green roof, regular maintenance is necessary to be 

sure it functions as the design intended.  Regular inspections of a roof’s structural 

components, weeding, and other general maintenance should be conducted for a 

successful roof (Green Roofs for Healthy Cities, 2006). 

Green Roof Case Studies  

Although green roof technology has been developing in Europe for several 

decades, technological advances and experience in the United States are in early stages. 

The United States’ public has yet to be won over by the green roof concept. 

Many European design developments are highlighted in Earth Pledge’s book, Green 

roofs.  In the United States, research has taken place in various areas on the performance 

of green roof materials.  Two excellent examples of American-built green roof systems 

are found in Chicago, at City Hall and the Ford Rouge Center Truck plant in Dearborn, 

Michigan. 

 

Chicago City Hall Green roof 

Chicago is one of five participants in the “Urban Heat Island Initiative” pilot 

project.  During summer months, the urban heat island effect can cause immense 

discomfort, general reduced productivity, or be fatal.  Higher temperatures brought on by 
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hardscape and limited wind activity combined with smog are the most significant results 

of urban heat island effect. The sewer system of Chicago often has issues during major 

rain events due to sewage combining with the high volume of stormwater.  Solutions to 

reduce the temperature around the roof and the volume of stormwater runoff were greatly 

sought after. 

To help curb the city’s urban heat island effect, the Chicago City Hall elected to 

establish a green roof (Figures 26−28) upon the eleven story historic building.  The City 

Hall comprises half of the building, while the county government side comprises the 

other half.  The creation of a green roof on one side of the structure allows for accurate 

testing for differences between the two rooftops.  Because the historic structure was 

originally intended to have additional stories, the building was capable of supporting 

additional weight from the green roof establishment. The City Hall’s green roof is part of 

the extensive ‘City Roof Garden Program’ that promotes the construction of green roofs 

and is part of the City’s overall goal of becoming more sustainable (Dreiseitl, 2001). 

Although the 3,600 square meter roof was flat, lightweight materials were utilized 

to create gentle mounding for the green roof.  Together with a mix of native prairie 

plants, the roof represents the rolling prairie system that once overtook the region.  

Overall, there are over 150 species of vines, grasses, shrubs, and trees (Earth Pledge, 

2005).  Hearty sedum plants are also incorporated into the design and are the most 

common plant genus used on roofs.  Several trees are also located where the placement of 

deeper soil was possible. 

Both American and European firms were utilized for the project.  Because 

experience with green roofs is limited in the United States, the Dreiseitl studio of 
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Germany, well known for their extensive experience with water related design, was 

included on the project team (Dreiseitl, 2001).  Dreiseitl’s Waterscapes features this roof 

in Chicago as an excellent example of creating sustainable roof situations, and mentions 

it as one of few notable examples of extensive green roofing in the United States. 

Aesthetically, the green roof, or roof garden, has been successful.  For those who 

are permitted on the roof, curved paths allow for strolling.  Surrounding buildings benefit 

from the view of this sky meadow that is rare in American cities.  Beehives are even kept 

on the roof and the honey the bees produce is known as City Hall honey. 

The penthouse built directly on the building’s roof acts as storage for rainwater 

that may then be used to water plants during dry spells.  Although some maintenance is 

necessary, the benefits of the roof and its long life compared to conventional roof systems 

outweigh traditional costs. 

 
Image Source: Author. 
Figure 26:  The Chicago City Hall’s green roof as viewed when standing on the roof. 
The vegetation has provided habitat for select animals. 
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Image Source: Author. 
Figure 27:  The Chicago City Hall’s green roof as viewed when standing on the roof. 
The vegetation has provided habitat for select animals. 

 
Image Source: Dreiseitl, 2001. 
Figure 28:  The Chicago City Hall’s green roof creates a pleasing, aesthetic view 
from the upper floors of the buildings that surround it. 
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Ford Rouge Center, Truck Plant 

In 2003, the Ford Motor Company‘s green roof (Figures 29 and 30) in Dearborn, 

Michigan at the Ford Rouge Center, Truck Plant, was completed.  This green roof covers 

an expansive 454,000 square feet of relatively level roof surface to cover almost half of 

the newly constructed assembly plant.  After its construction, it became the largest 

existing green roof in the world. During the company’s ninety year occupation of the site, 

it had removed extensive vegetation to be replaced with buildings, rail lines, and parking 

lots. Violations of the EPA’s Clean Water Act led the company to be cited by the agency 

many times and to begin investing billions of dollars to improve the site’s environmental 

quality.  In addition to the green roof, porous paving and twenty-two acres of wetlands 

were also established. 

Several projections about the green roof’s efficiency have been made.  With the 

two inches of soil and plant materials established, approximately 447,000 gallons of 

stormwater are expected to be retained.  This amount accounts for fifty percent of the 

annual stormwater in the county.  The roof also acts as a recreation of twenty-five percent 

of greenfield habitat that had been lost in recent history. By absorbing dust and breaking 

down hydrocarbons, the roof is expected to improve air quality by forty percent.  In 

addition, the insulation provided by the roof is expected to decrease energy needs for 

heating and cooling by seven percent (Earth Pledge, 2005). 
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Image Source: Earth Pledge, 2005. 
Figure 29:  The green roof of the Ford Rouge Center, Truck Plant as seen from 
above.  The expanse of green contrasts dramatically with the pre-existing structures 
and provides benefits the other roofs lack. 

 
Image Source: Earth Pledge, 2005. 
Figure 30:  The green roof of the Ford Rouge Center, Truck Plant viewed standing 
on the roof.  Sedum plants compose much of the roof, due to their extraordinary 
hardiness and ability to be in an exposed environment. 
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2.6   CONTROL SOLUTION USE 
 
 

 
Control solutions like bioswales, rain gardens, ponding, green roof technology, 

wetlands, and vegetation are utilized to improve stormwater management.  These 

solutions may be utilized together to create a single system.  Such systems may be 

applied in a variety of design situations, including land that has not be previously 

developed or existing developed sites. 

The case studies associated with each control solution show designs that function 

successfully in climates similar to the design site.  Each case study is significant to the 

design site in one of two ways.  First a case study relates to the design site through a 

similar development condition, such as the existence of parking lots, expansive roof 

space, or a large area frequently utilized by the public.  Second, the design site and a case 

study may both involve designed modification to existing development.  All case studies 

involve the utilization of one or a combination of Best Management Practices. 
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3.0   CONCEPTUAL DESIGN SITE 
 
 
Background 
 
 The Westfield Great Northern Mall and vicinity in the city of North Olmsted, 

Ohio has been selected as the design site, because of its commercial significance and 

extensive impervious cover.  North Olmsted is located approximately 15 miles west of 

Greater Cleveland and approximately five miles south of Lake Erie (Figure 34). 

The social history of North Olmsted began in the original townships of Olmsted 

and Dover, located in the southwest corner of present day Cuyahoga County (Figure 

34).  Permanent settlement began in 1815.  The primary economy prior to extensive 

growth in the 1960’s was agriculture, although businesses such as mills, carpentry, and 

cheese production existed.  As individuals and families moved from urban Cleveland to 

seek country life, the North Olmsted area populated into a village (1909) and eventually 

a city (1950) (Holzworth, 1980). 

 The North Olmsted area possesses geologic features and soils associated with 

glacial activity. Main roads in the area that run east and west often exist on glacial 

ridges. For example, the major road north of the study site, Lorain Road, was once 

called “The Ridge.”  (Sand and deposits from glacial activity exist throughout the area.  

Wetland soils occur throughout the area and wetland habitat where development has not 

occurred exists in patches. However, the United States Geological Survey (Figure 31) 

lists the type of soil on the study site as “urban,” which indicates the soil type is 

unknown. The unknown soil type exists due to the development that has occurred 
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before the soils were examined. An overall assumption may be made that the soil once 

on the land was of the Caneadea series that consisted of very deep, somewhat poorly 

drained, nearly level to strongly sloping soils.  These soils occur on slackwater terraces 

of lake plains and their permeability is very slow. These soils formed in clayey 

Wisconsin age glaciolacustrine sediments, which once again acknowledges the glacial 

heritage of the area. 

 

  

Image Source: United States Geological Survey. 
Figure 31:  A map of general soil areas surrounding the Creative Project Site 
(indicated with a star). 

 
The site lies within the Rocky River (Figure 32) watershed system.  This watershed is 

comprised of several tributaries which run into the East and West branches of the 

Rocky River, which converge less than a mile from the site into the main Rocky River.  

The Cleveland Metroparks’ Rocky River Reservation follows much of the Rocky River 

corridor and possesses amenities such as a bike path, hiking trails, and nature center.  

stormwater from the Westfield Great Northern Mall and much of North Olmsted flows 
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directly into underground systems, unless interrupted by turf swales of short turf, which 

empty into the main Rocky River that flows north into Lake Erie.  Stormwater does not 

receive any treatment by the City of North Olmsted.  

 

Image Source: Author. 
Figure 32:  Images of the Rocky River flowing through North Olmsted. 

 Northeastern Ohio is affected by lake-effect snow.  Moisture drawn from Lake 

Erie produces higher amounts of snow in communities closer to the lake coast.  

Although the average accumulation of snow in the Cleveland area is 36 inches, areas to 

the west of the metropolis, such as North Olmsted, often receive slightly less 

accumulation (Table 7).  Most of the land along the lake coast is considered to be in a 

Hardiness Zone of six, while lands further south transition into a Hardiness Zone of 

five. A warmer Hardiness Zone is due to the snow cover and less extreme temperatures 

regulated by Lake Erie. 
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Tables Source: Weather Underground. <http://www.wunderground.com> October 2006. 
Table 7:  The average rainfall and snowfall for the North Olmsted area. 

 The region originally was composed of mostly forest.  Although meadows and 

other habitats existed, deciduous forest (Figure 33) dominated the landscape.  Wooded 

areas ranged from dry, upland forests to forested wetlands.  Native trees that were 

found in the region prior to European settlement included oaks (Quercus), maples 

(Acer), beeches (Fagus), Elms (Ulmus), tulip poplars (Liriodendrum tulipifera), 

sycamores (Platanus occidentalis) and others.  A rich array of native plants still exists 
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in the area is evident in the current park systems of the region.  Natives vary from 

grasses to woodland plants that prefer the shaded understory of the forest. 

 

 
Figure 33:  Images of existing forested areas of the region in various seasons. 

 

The Site 

 Beginning in 1957, a retail store, which would one day grow into the Great 

Northern Mall,was opened on the study area in a community dominated by agriculture 

(Figure 35).  By 1965, an opening was held to celebrate the official establishment of the 

developing mall structure. Remodeling of the mall occurred in the 1990’s, with 

additions such as skylights, that brought natural lighting into the once dark interior.  As 

of 2006, the Westfield Great Northern Mall is a one level shopping plaza (aside from 

the multi storied JC Penny’s, Macy’s, and Dillard’s) with an area of 1.1 million square 

feet. Over one hundred fifty stores, restaurants, and services are located within the mall 

complex. Parking is available in the sea of open, asphalt parking spaces. In recent 

years, several restaurants have been constructed on out lots associated with Great 

Northern Mall, including Smokey Bones (2005) and Red Lobster (2006). Within close 
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proximity to the main structure, strip malls, “box stores” like Wal-Mart or Target, 

offices, apartments, and residential neighborhoods exist. 

 Although recent construction of restaurants at the design site was welcomed, 

complaints of limited parking have exploded throughout the residential and shopping 

communities.  The Holiday season, beginning around Thanksgiving and ending the first 

week of January, is one of immense frustration and overcrowded conditions at the site.  

The start of winter brings lake effect snow that occurs occasionally at this time and 

further reduces parking options once it is plowed into large masses. 

Extensive circulation occurs around the design site (Figure 36).  Interstate-480, 

a significant transportation corridor created in the 1980’s, leads east toward Cleveland, 

Ohio and westward, where it turns into Highway 20. The mall structure is immediately 

accessible from the highway, via Great Northern Boulevard.  Great Northern 

Boulevard, part of State Highway 252, begins at Lorain Road and runs southward past 

the design site, over the interstate, and turns into flows into Olmsted Falls as Columbia 

Road.  Two major roads that predate the Interstate are Brookpark Road and Lorain 

Road, both of which are in close proximity to the site.  Brookpark Road, directly north 

of the design site, is also State Highway Seventeen and consists of four lanes.  As 

Brookpark Road extends northwest, it meets Lorain Road, also known as State 

Highway Ten, is one of the historically major roads for North Olmsted, as well as 

Cuyahoga County. 
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Image Source: United States Geological Survey, 1963. 

Figure 34: The design site (indicated by a star) in relation to the region. 
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Figure 35:  Significant circulation patterns of the area surrounding the site. 

 Pedestrian mobility within the Mall area is difficult.  Sidewalks exist along main 

roads, with limited sections of walkway hugging buildings in proximity to store or main 

entrances.  Few designated crosswalks exist within the design site. Pedestrians are often 

seen on foot hastening across lanes of traffic where openings are available. Observation 

revealed pedestrians range from individual young adults and elderly to entire families 

with toddlers and school aged children.  Bicycles are rarely seen due to limited 

accessibility and few bike racks or shelters. The bicyclist appears out of place, as does 

1 MILE 
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the occasional bicycle secured to a tree or other structure. A bike path built during 

Interstate-480 construction passes the site, but is not extensively used by locals.  

Accessibility is difficult and fencing along the path creates a sense of no escape. 

 
 
Figure 36:  Major circulation patterns around the site. 
 
 Commercial use governs the employment, economics, activities, and function of 

all facilities on the site. Activity is constant on the site during business hours.  

wide 
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Employees, customers, and security personnel constantly flow within and around the 

site. The commercial activity accounts for a high percentage of the economic activity 

within the city of North Olmsted.  The construction of nearby Crocker Park in 

Westlake, Ohio, an outdoor shopping facility that emulates a traditional downtown with 

retail on the first floor and housing above, drew some retail activity away from the 

Great Northern Mall (Figure 37).  However, the indoor mall is remains successful with 

its variety of shops and exclusively indoor shopping option that is tempting during 

inclement weather.  The vegetated landscape is meager and designed sparingly enough 

to suggest a pleasing facility without compromising the supremacy of automobiles and 

the customers who arrive in them. 

Figure 37:  Various views at the Great Northern Mall. 
 
 The site is dominated by the main mall structure, which dictates the use of all 

spaces within its proximity.  One to two story block forms unite to create the main 

structure, aside from Dillard’s and Macy’s whose three story construction rises on its 

west and south sides.  From a distance, the conglomeration of the mall is like that of 

giant boxes that have been arranged together in the landscape.  The overall composition 

of the Great Northern Mall has evolved from the 1970’s to 2006.  A renovation of the 

structure provided a uniform appearance for main entrances and vehicular gateways, 
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but the significance of the renovation design lacked overall visual continuity.  Visually 

the outside appearance of the architecture is in good condition, although often 

monotonous in appearance and void of windows.  Pale tones of grey and beige exist 

throughout the site, as well as massive amounts of concrete and block forms.  Although 

the area’s historic building materials of choice were wood and sandstone, neither of 

these elements are detected on the site.  The addition of restaurants in outlots decreased 

the vast feeling of the parking lots, but in turn adds confusion and cramped conditions 

to the traffic flow.  An attempt at humanistic scaled spaces exists around each 

restaurant, but vanishes when on steps away from these minor spaces and into the sea of 

parking.  The site overall trades between the vast, horizontal vulnerability of the 

parking lot and the unyielding verticality of the architecture.  Although a large-scale 

sense of enclosure is apparent on some sides of the mall structure, the sense of intimate 

enclosure for the public is rarely found on the site, unless one wanders into a shipping 

and receiving area.  Few benches or seating walls exist within the site. The interior of 

the mall structure established seating areas after 2001 with couches and padded seats, 

but no changes were made for the outdoors.  If a bench is found, it often has the sense 

of existing as a temporary stop, and not as a place of rest or as a suitable situation to 

wait comfortably for loved ones or friends. 

 The most interesting space on the site is located on the north side of Macy’s, 

where a significant topographic relief exists (Figure 38).  Steep slopes are planted in 

turf and trees, which are often absent throughout much of the site.  A picnic table even 

exists, but the area has a flavor of neglect and does not seem welcoming when traffic or 

shipping vehicles are present. 
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Figure 38:  Images of one of the mall’s more interesting spaces. 

The built environment of the Great Northern Mall relates to the environment in 

several potentially negative ways.  The main mall structure possesses over a million 

square feet of roof surface area.  This surface area includes several sky lights and 

ventilation systems.  Portions of the roof, especially the central section that excludes 

the anchor department stores are covered in black tar.  This type of roof treatment 

becomes extremely hot when exposed to sunrays.  Stormwater runs off of the roof 

through pipes or gutters that eventually lead into the greater underground systems 

(Figure 39) flowing east toward the Rocky River.  Although it possesses some 

hospitable areas, much of the site’s landscape is exposed to the full impact of the 

natural elements (Figure 40).  The surrounding parking surface and restaurants amount 

to nearly 2.7 million square feet, although for the majority of the year all parking is not 

utilized (Figure 41). 
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Figure 39:  Map illustrating the general flow patterns/direction of stormwater 
through a belowground system. 

 

 
Figure 40:  Left: Image of early November snow with the design site in the 
background. Right: Image of the open parking lot that permits winds to flow 
openly. 
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Figure 41:  Map illustrating with color existing parking spaces that are least 
utilized. 

Roads and vehicular traffic act as boundaries on the north, east, and south sides 

of the site.  The multiple lanes and high volume traffic of Brookpark Road and Great 

Northern Boulevard are an instinctive barrier to pedestrians. Visually the site flows into 

its companion commercial area to the west, a strip mall called the “Plazas at Great 

Northern,” which is a one-story row of shops with a walkway along the front but shares 

many of the visual qualities of the mall.  Southern views from the mall structure have 

an open feeling towards the east where the Great Northern mall stretches over the 

Interstate, but changes when the verticality of hotels thrusts upward as the eye moves 

west, eventually meeting a 14-story apartment building.  On the east side of the site, 
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visual attention is almost always focused on the busy traffic flowing north and south 

along Great Northern Boulevard, sometimes turning off into the mall’s east entrance or 

into the passage across the street leading to apartments, restaurants, offices, and Wal-

Mart.  Overall, the site is dominated by vehicular traffic and its requirements. 
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4.0   MASTER PLAN AND SITE DETAILS 
 
 
 

Ideally, a master plan design solution should integrate the absorption or retention 

of water in a matter that is the same as if the site had not been developed.  Engineering 

techniques that capitalize and are consistent with the natural resources and processes of a 

site should be utilized. Issues with stormwater are either a sign that resources have been 

misused or injudicious land occupancy has occurred.  The existence of a complete and 

expansive water system must be recognized (Urban Land Institute, 1979).   

The conceptual master plan (Figure 41) illustrates the existing Westfield Great 

Northern Mall and vicinity in the city of North Olmsted, Ohio.  The site design is 

conceptual and not intended to be sufficient for construction documents.  The master 

plan exemplifies the site as a whole and utilizes a system of interconnected bioswales/ 

rain gardens, basins, wetlands, and green roofs, along with other details that assist in 

tying these design elements together.  It is assumed that much of the vegetation within 

the master plan would consist of regional, condition-appropriate species, some 

examples of which may be found in Appendix A. 

The conceptual master plan is followed by two exemplary portions of the site 

that have been selected to best represent the overall plan.  Each of these portions 

includes an illustrated conceptual design that is in greater detail than the master plan, 

and are then followed by additional general illustrations to convey a greater 

understanding of the design intent. 
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The site plan exhibits major green 
spaces and distribution of stormwater 
management features created in the 
conceptual design.  These features 
include rain gardens/vegetated swales, 
vegetated areas throughout parking lots, 
and green roofs.

Rain gardens/ vegetated swales designed 
throughout the plan and along the site’s 
perimeter.  These areas handle the bulk 
of stormwater runoff from vehicular 
surfaces and serve to slowly filter 
the water by the absorption through 
vegetation, filtration through gravel 
layers into either the earth or eventual 
pipes, and increased evaporation by 
allowing the water to be exposed on 
the surface longer than in traditional 
systems.

Parking areas generally contain a 
somewhat regular grid of rain gardens 
with trees for shade, wayfinding, 
aesthetics and wayfinding.

Green roof systems are shown on 
proposed structures, where additional 
weight bearing ability can be considered 
in their construction.  Existing roofs may 
also have green roofs installed, but their 
structural analysis would be the next 
step to follow this concept.
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The first exemplary portion of the conceptual master plan includes mostly parking 

lot and vehicular roadways (Figure 43) in the southwest corner of the site.  Figure 44 

shows the existing direction of stormwater flow through parking areas and an eventual 

destination in constructed wetlands.  An axonometric (Figure 45) illustrates how the 

landscape may look if the conceptual design is brought to fruition and experiences 

several years of establishment. 

 

 
Image Source: Microsoft Virtual Earth. “North Olmsted, Ohio Bird’s Eye View.” <http://local. 
live.com/> 2006. 

Figure 43:  The southwest section of parking at the Great Northern Mall is 
representative of the parking situation throughout the site. 
 



89 
 

 
Figure 44:  The design process goes through many phases and should include an 
understanding of stormwater movement through the landscape. 
 

 
Figure 45:  Axonometric of the site as the concept design might appear after several 
years of vegetation growth. 
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 The majority of stormwater from this exemplary portion of the conceptual master 

plan utilizes bioswales, rain gardens, and wetland situations as the major form of 

stormwater treatment.  Stormwater from building roofs, walkways, and parking areas is 

directed into these features (Figures 46 and 47).  These collection areas are placed 

throughout the landscape, especially along perimeters to act as a buffer between 

roadways and interior pedestrian zones.  Such features provide stormwater with a 

destination where it may safely collect and be treated without causing negative issues, 

such as flooding or damage to pervious surfaces, in high-use areas.  These features allow 

green space to intertwine with the landscape, where only desolate asphalt previously 

existed, and through interaction presents the public with an opportunity to be educated on 

the function of stormwater systems. 

 

 
Figure 46:  A shallow rain garden/ vegetated bioswale can supply enough drainage 
for most rain events. 
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Figure 47:  A rain garden/ vegetated swale may have varying slopes or be 
incorporated with structures such as walls.  Engineering of such structures must 
take into account how often water will be present and in what amount. 
 

The parking area is an expanse of impervious surface on the existing site, but the 

conceptual master plan includes a series of bio-filtration islands.  As seen from above, 

each vegetated island occurs following eight parking spaces (Figures 48 and 49) to create 

a rhythmic, aesthetic wayfinding experience.  Each parking lot section contains a 

particular genus of tree to assist visitors with wayfinding by giving each area its own 

characteristics.  Although elongated bioswales may also be utilized in this space and 

equally beneficial for stormwater treatment, these smaller areas allow for aesthetics and 

function as wayfinding elements. 
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Figure 48:  Enlarged plan view of parking areas with bio-filtration islands. 
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Figure 49:  Bio-filtration Island and Invisible Curb with Sediment Trench  
 

 Stormwater flowing across pervious surfaces often transports sediment.  To 

protect and foster proper function of bioswales, rain gardens, wetlands, and other BMPs, 

sediment traps and curbs may be included into a design. 

Before entering a filtration island, stormwater may encounter an invisible curb 

and sediment trench (Figure 50) as a design option.  The invisible curb lies flush to the 

parking pavement, allowing water to flow in a sheet directly over the curb, across or 

through the aggregate filled trench, across a continuation of the curb, and into the 

vegetation of the island.  The trench’s coarse aggregate will act as an obstacle for 

particles, thus causing many of them to settle and collect over time.  The source of such 

Stormwater 
Flow Toward 
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Depressed area 
with vegetation 
for stormwater 
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particles may include stones or soil transported to the site by automobiles, organic matter 

from local vegetation, or random items dropped by those who visit the site.  Layers of 

aggregate beneath paving, allow filtration to prevent standing water and facilitates 

absorption into the ground.  The advantage of the invisible curb and sediment trench is 

that it allows for a collection of sediment over time without constant maintenance.  Site 

specific experience would reveal how often cleansing the trenches would be necessary, 

but the typical need for removal of debris is about every one to three years (Metro, 2002).  

Although the trenches should be maintained on occasion to be sure excessive sediment is 

not clogging the system, this design allows regular access to parking spaces for shoppers 

without the site’s maintenance crews worrying about maneuvering around automobiles or 

blocking off areas for constant cleaning. 

 
Figure 50:  Invisible Curb with Sediment Trench. 
 

Between the vegetated areas and the paths of major traffic flow through the site, 

curbs are situated as a separation between traffic and the “safe zone” for water filtration, 

vegetation establishment, and pedestrian use.  These curbs are perforated (Figure 51) to 

permit the combination of their existence and to allow for the flow of water into the 

vegetated zone.  To prevent significant sediment from entering, a simple lip is established 

along the bottom of the curb perforations.  Due to a higher volume of sediment predicted 
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to originate from heavy traffic, this curb is better suited to the situation than a single lip 

or curb combined with a sediment trench.  It is easier to remove the sediments before 

they enter the vegetation areas.  General street cleaning will prevent these sediments from 

accumulating along the curbs (Metro, 2002).  The curb lip will also reduce the velocity 

and depth of the water flowing into the vegetated area so as not to overwhelm the system 

and perimeter plantings with sudden surges of water that would create erosion.  Pavement 

will also generally benefit by the curb preventing unraveling and pavement breakup.  

Curbs may be created in a variety of ways or altered to suite a particular situation (Figure 

52). 

 
Figure 51:  This curb design allows stormwater flowing over impervious surfaces to 
move into impervious areas. The slight elevation of the openings allows larger 
particles of sediment to settle along the curb where they can be easily cleaned 
manually and/or mechanically. These larger particles are best kept out of the 
pervious area where they could clog the systems and cleaning would be more 
difficult. 
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Figure 52:  Roadway edges may have various treatments. Curbs should be 
established along nearly all roadways to allow for wayfinding, easy cleansing of 
sediment that gathers along edges and a low profile transition to other landscape 
elements. Here, a low curb is in place before giving way to a raised planting bed. 
Planting beads can vary from single to many leveled or from one foot to nearly six 
feet high. 

 

Pedestrian paths located within the major bio-filtration areas contain a 

combination of paved and raised wooden (Figure 53) walkways to accommodate for the 

designed, alternating dry to moist landscape.  The alteration is not only functional, but 

creates a sense of change as one moves throughout the space.  These changes are 

intentional to prevent the spaces from becoming mundane through uniformity, while 

assisting with creating a sense of space with significant spaces that are more easily 

distinguished from one another.  The allowance for varied types of walkways allows for a 

site to function for people in conjunction with stormwater infiltration and ecological 

components.  Pedestrian routes are especially significant in bringing all these factors 

together at discernable human scale. 

Curb 
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Pedestrian paths and areas that people may utilize during dark hours must 

consider lighting and a power supply when designing.  Lighting along walkways will 

have a significant impact on the space and is considered necessary for safety and 

wayfinding reasons.  Lighting provides a sense of security with the ability of all present 

to see what is in the environment and to instill the recognizable qualities of surroundings 

that exist during the day.  Wayfinding is aided by lighting simply because one can see 

where they are going.  Light fixtures (Figure 54) provide adequate light for those on the 

ground, but should possess efficient screening on top to prevent up lighting and 

unnecessary light pollution.  Pedestrians should feel at ease and enjoying the pedestrian 

walkways (Figure 55 and 56) as a result of good design. 

 
Figure 53:  The boardwalk areas are located in areas having significant moisture.  
Local boulders may be established along pedestrian walks as a symbol of the many 
signs of glaciations that exist naturally in the area. 
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Figure 54:  Pedestrian paths may vary from close proximity to roads, to a more 
park like experience. Pedestrians pass through wooded areas with rain garden 
components and lighting at a humanistic scale. The area is more pleasant to pass 
through than existing parking lot conditions with little vegetation and towering light 
fixtures. 
 

 
Figure 55:  The addition of extensive trees and other vegetation dramatically 
changes the use and ambience of the space. Once a vast open space, the parking lot 
takes on pedestrian friendly characteristics, is more receptive to use, provides shade 
and additional means of wayfinding. 
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Figure 56:  Sculptural pieces with a common theme can give the site a feeling of 
continuity throughout and function as aesthetic and wayfinding elements. This 
image illustrates a boardwalk passing through a wetland area with sculptural 
“water bugs” on symbolic water ripples. 
 The second exemplary portion of the master plan is located in the northwestern 

section of the site and includes parking areas, an out-lot business and significant change 

in elevation for the area that is bordered by vehicular roadways (Figure 42).  The 

conceptual plan for this portion (Figure 57) includes a parking garage and courtyard that 

are intermingled with rain gardens and pervious pavements.  The profile of the site 

changes immensely with this portion of the master plan (Figures 58 and 59).  The existing 

sloped parking area is replaced with a green roofed parking garage that celebrates 

sculptural elements in collaboration with stormwater.  The garage would provide a 

desirable parking location for mall visitors, particularly in inclement weather.  To create 

an intimate, garden space A courtyard (Figure 60) edged with rain gardens is designed in 
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the space behind the out-lot business (restaurant) and between the parking garage and 

other building walls.  Access to the green roof and roof top pedestrian paths, which 

ideally would highlight showy native vegetation for grand affect, would be provided from 

the courtyard.  A detail of the fountain in the courtyard is illustrated to demonstrate 

another use for stormwater.  The fountain is a central point of interest, but also provides a 

direct use for stormwater that does not involve it’s treatment.  This portion of the master 

plan is intended to combine all available design elements into a concentrated area for full 

community exposure. 

 
Figure 57:  Plan view of the parking garage and courtyard on the north side of the 
Great Northern Mall. 

PARKING GARAGE 

ROADWAY 
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Figure 58:  This north to south section of the design concept site shows the existing conditions at the Great Northern Mall 
and its lack of vegetation. 
 
 
 
 
 

 
Figure 59:  This north to south section of the design concept site shows the conditions at the mall with the design elements 
in place. The parking garage has been added to the north side of Macy’s with vegetated islands and pedestrian areas 
throughout the parking lots and site edges.
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Figure 60:  This early conceptual sketch for the courtyard shows possible entrances, 
a plaza and dining area. 
 

The parking garage is one of the most beneficial additions in the design for the 

Great Northern Mall. It creates needed additional parking space that is sheltered, allows 

for greater security for automobiles, is an available outside surface for green roof 

establishment where vegetation had been eliminated, and permits a courtyard setting on 

its eastern side. As the main structure has grown and restaurants have formed in the out 

lots around the mall, parking spaces have been eliminated, while the need for additional 

parking around the new restaurants has grown.  Parking along the furthest outskirts of the 

mall does not seem acceptable to many, especially in the winter months, and shoppers 

would prefer to wait extended periods of time for closer spots than to park at a distance.  

The shelter provided by the garage will keep visitors and their vehicles dry during rainy 

or snowy weather.  Unlike newly constructed shopping developments with a downtown 
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feel where one must walk in and out of stores with all their packages no matter the 

weather, the Great Northern Mall and its new garage extension have an advantage of 

allowing shoppers to be at a consistent temperature, dry, and comfortable once inside.  

Also, there is no need to plow snow within the structure.  A monitored vehicular entrance 

into the garage allows for careful watching of what enters the structure and time tickets 

may be used to further keep security in check.  The green roof on the parking garage 

makes the structure a unique feature that is a visual amenity, acts to reduce heat island 

effect, and helps to maintain a healthy stormwater system.  The eastern side of the 

structure completes a visual enclosure that makes an ideal location for a courtyard.  Such 

a courtyard could be used by visitors and employees for leisure when outdoor activities 

are desired. Due to all of the mentioned items, the garage functions not as a lone 

structure, but a positive addition that benefits the overall site and systems. 

The parking garage (Figure 61) has three levels, one of which is underground. 

Pedestrian access is available for the roof and a walkway leading around the perimeter of 

the garage.  Excess water not absorbed by the roof flows down onto the next level (or 

through sculpture on the courtyard side) and then continues down onto a layer of gravel 

before flowing across vegetation for filtration where the stormwater encounters a bio-

swale/rain garden situation where water will filter into the ground. To alleviate moments 

of full saturation, a perforated pipe is situated at the base of the bio-swales to carry water 

into the piping system that existed previously. The amount of water piped away would be 

minimal and already filtered through several means before it reaches the Rocky River.  

This would allow existing systems to be repurposed in a sustainable manner. 
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Figure 61:  The Parking Garage and its level components. 
 

As a point of interest in the courtyard area, a mill stone fountain (Figure 62) 

composed of sandstone is a unique feature in the design.  Sandstone, a local material, was 

used to build homes for the agricultural industry of the region’s past, thus this feature has 

a connection with the land.  When rain water is not moving naturally through the site, 

visitors can encounter the cooling, calming affects the presence of water brings.  The 

fountain utilizes stormwater collected in a cistern for its supply that then cycles 

continuously through a pump system.  This stormwater could be sourced from a variety 

of locations, but a probable solution would be the utilization of water from roof sections 

that cannot support green roof systems. 
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Figure 62:  The stormwater-fed Sandstone Mill Wheel of the courtyard fountain is 
both a natural and historic component to the courtyard. Locally quarried, 
sandstone was used throughout the area’s history for building and milling. Water, 
collected from rain in a cistern, flows across the surface of the mill stone and into a 
channel where it is collected and circulated.

MILL WHEEL 
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5.0   CONCLUSION 
 
 

Stormwater may be treated in a sustainable manner that moves beyond traditional 

design of common open and closed drainage systems with detention ponds for 

management.  The utilization of design elements like bioswales/rain gardens, basins, 

wetlands, vegetation, and green roofs can create benefits in stormwater quality and 

quantity that are more efficient compared to traditional methods.  Issues such as flooding 

in communities with hydrological links and excessive pollutants from developed areas 

are confronted and improved. 

 An existing site, such as the redesigned site of the Great Northern Mall in North 

Olmsted, Ohio, shows great potential if retrofitted with components that can be beneficial 

for aesthetics, society, and ecology.  Although negative effects may have taken place in 

the built environment, it is possible to improve an existing situation of a site and in turn 

the surrounding region.  Stormwater treatment with sustainable Best Management 

Practices , although functional, can provide a site with a sense of place and promote pride 

and interest in once negatively associated areas. 
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APPENDIX A:  MIDWEST PLANTS SUITABLE FOR SUSTAINABLE 
STORMWATER MANAGEMENT 



PLANTS SUITABLE FOR SUSTAINABLE STORMWATER MANAGEMENT 

Plant details obtained from the United States Department of Agriculture website. 

FORBS 
Scientific Name Common Name Soil 

Moisture 
Height Flower Color 

Acorus calamus Sweet Flag Wet 1’-4’ Purple 
Agalinis tenuifolia Slender False Foxglove Wet 1’-2’ Purple 
Agastache foeniculum Lavender Hyssop Medium 2’-4’ Purple 
Alisma subcordatum Common Water Plantain Wet 2’-4’ White 
Allium canadense Wild Onion Med-Dry 1’-2’ White-pink 
Allium cernuum Nodding Onion Medium 1’-2’ Pink 
Amorpha fruticosa Indigo Bush Wet up to 18’ Purple 
Anemone canadensis Meadow Anemone Wet 1’-2’ White 
Anemonella thalictroides Rue Anemone Medium 6”-1’ Pink 
Angelica atropurpurea Great Angelica Wet 4’-12’ White 
Arisaema triphyllum Jack-in-the-Pulpit Medium 1’-3’ Green 
Asclepias incarnata Swamp Milkweed Wet 3’-5’ Purple 
Asclepias purpurascens Purple Milkweed Medium 2’-3’ Purple 
Aster lanceolatus Panicled Aster Medium 3’-5’ White 
Aster lateriflorus Side-Flowering Aster Medium 1’-3’ White 
Aster novae-angliae New England Aster Medium 3’-6’ Purple 
Aster praealtus Willow Aster Medium 2’-4’ Purple 
Aster puniceus Bristly Aster Wet 3’-6’ Purple 
Aster umbellatus Flat-Top Aster Wet 1’-4’ White 
Bidens cernua Nodding Bur Marigold Wet 1’-4’ Yellow 
Bidens coronata Tall Swamp Marigold Wet 2’-5’ Yellow 
Bidens frondosa Common Beggars-Tick Wet 1’-4’ Yellow 
Boltonia asteroides False Aster Wet 3’-5’ Whitish 
Cacalia plantaginea Prairie Indian Plantain Medium 3’-5’ Whitish 
Caltha palustris Marsh Marigold Wet 1’-2’ Yellow 
Campanula americana Tall Bellflower Medium 2’-6’ Blue-purple 
Caulophyllum thalictroides Blue Cohosh Medium 1’-3’ Purple-Dark 

color 
Chelone glabra Turtlehead Wet 2’-4’ White-pink 
Clematis virginiana Virgin’s Bower (vine) Medium 9’  White 
Coreopsis tripteris Tall Coreopsis Medium 4’-8’ Yellow 
Decodon verticillatus Swamp Loosestrife Wet 2’-4’ Purple 
Desmodium canadense Showy Tick Trefoil Medium 2’-5’ Purple 



Dodecatheon meadia Shooting Star Medium 1’-3’ White/Pinkish
Epilobium coloratum Cinnamon Willow Herb Wet 1’-3’ White 
Eryngium yuccifolium Rattlesnake Master Medium 3’-5’ White 
Eupatorium coelestinum Blue Mistflower Medium 1’-3’ Blue- Purple 
Eupatorium maculatum Spotted Joe-Pye Weed Wet 4’-7’ Purple 
Eupatorium perfoliatum Common Boneset Wet 3’-5’ White 
Eupatorium rugosum White Snakeroot Medium 2’-4’ White 
Eupatorium serotinum Late Boneset Medium 2’-5’ White 
Euthamia graminifolia Common Grass-Leaved Goldenrod Medium 1’-4’ Yellow 
Filipendula rubra Queen of the Prairie Wet 3’-6’ Pink 
Gentiana andrewsii Bottle Gentian Wet 1’-3’ Purple 
Gentiana flavida Cream Gentian Medium 1’-3’ Off-white 
Geranium maculatum Wild Geranium Medium 1’-2’ Pale Pink 
Helenium autumnale Sneezeweed Medium 3’-5’ Yellow 
Helianthus giganteus Tall Sunflower Medium 5’-12’ Yellow 
Helianthus grosseserratus Saw-Tooth Sunflower Medium 4’-12’ Yellow 
Helianthus tuberosus Jerusalem Artichoke Medium 5’-10’ Yellow 
Heracleum lanatum Cow Parsnip Medium 4’-10’ Greenish 
Heuchera richardsonii Prairie Alum Root Medium 1’-3’ Green 
Hypericum kalmianum Kalm’s St. John’s Wort Medium 2’-3’ Yellow 
Hypericum pyramidatum Great St. John’s Wort Medium 3’-6’ Yellow 
Iris virginica Blue Flag Wet 2’-3’ Purple 
Lathyrus palustris Marsh Vetchling Wet 1’ Purple 
Liatris pycnostachya Prairie Blazing Star Medium 2’-4’ Purple 
Liatris spicata Marsh Blazing Star Medium 3’-5’ Purple 
Lobelia cardinalis Cardinal Flower Wet 2’-5’ Red 
Lobelia inflata Indian Tobacco Medium 1’-3’ White-blue 
Lobelia siphilitica Great Blue Lobelia Wet 1’-4’ Blue-Purple 
Lobelia spicata Pale Spiked Lobelia Medium 1’-3’ White 
Ludwigia alternifolia Seedbox Wet 2’-3’ Yellow 
Lycopus americanus Common Water Horehound Wet  White 
Mentha arvensis Wild Mint Wet 1’-3’ Purple 
Mertensia virginica Virginia Bluebells Medium 1’-2’ Blue-purple 
Mimulus ringens Monkey Flower Wet 2’-4’ Purple 
Napaea dioica Glade Mallow Medium 3’-7’ White 
Nelumbo lutea Lotus Wet 2’-4’ White 
Nuphar advena Yellow Pond Lily Wet 1’-2’ Yellow 
Nymphaea odorata White Water Lily Bud Wet 6” White 
Oenothera biennis Common Evening Primrose Medium 2’-6’ Yellow 



Osmorhiza claytonii Hairy Sweet Cicely Medium 1’-3’ White 
Oxypolis rigidior Cowbane Wet 2’-5’ White 
Parthenocissus quinquefolia Virginia Creeper Medium Vine White 
Pedicularis lanceolata Fen Betony Wet 1’-3’ White 
Peltandra virginica Arrow Arum Wet 2’-5’ Yellow 
Penstemon digitalis Foxglove Beard Tongue Medium 2’-4’ White 
Penstemon laevigatus Smooth Beard Tongue Medium 2’-4’ White-Purple 
Penthorum sedoides Ditch Stonecrop Wet 1’-3’ White 
Phlox divaricata Woodland Phlox Medium 1’-2’ Purple 
Phlox pilosa Sand Prairie Phlox Medium 1’-2’ Purple 
Physostegia virginiana Obedient Plant Wet 2’-5’ Purple 
Polygonatum biflorum Smooth Solomon’s Seal Medium 1’-4’ White 
Polygonum pensylvanicum Pinkweed Medium 1’-3’ Pink 
Pontederia cordata Pickerel Weed Wet 1’-3’ Purple 
Prenanthes altissima Tall White Lettuce Medium 2’-7’ Cream 
Pycnanthemum muticum Broad-Leaved Mountain Mint Wet 2’-4’ Whitish 
Pycnanthemum virginianum Common Mountain Mint Medium 1’-3’ White 
Rosa palustris Swamp Rose Wet 2’-7’ White-Pink 
Rudbeckia fulgida Showy Black-Eyed Susan Medium 2’-3’ Yellow 
Rudbeckia hirta Black-Eyed Susan Medium 1’-3’ Yellow 
Rudbeckia laciniata Wild Golden Glow Wet 3’-10’ Yellow 
Rudbeckia subtomentosa Sweet Black-Eyed Susan Medium 3’-5’ Yellow 
Rudbeckia triloba Brown-Eyed Susan Medium 2’-5’ Yellow 
Rumex altissimus Pale Dock Medium 2’-4’ Bronze 
Rumex orbiculatus Great Water Dock Wet 2’-5’ Yellowish 
Rumex verticillatus Swamp Dock Wet 2’-5’ Yellowish 
Sabatia angularis Rose Gentian Medium 1’-3’ Pink 
Sagittaria latifolia Common Arrowhead Wet 1’-4’ White 
Sambucus canadensis Elderberry Medium up to 15’ White 
Saururus cernuus Lizard’s Tail Wet 2’-4’ White 
Scrophularia marilandica Late Figwort Medium 3’-7’ Yellow-red 
Senecio aureus Golden Ragwort Wet 1’-3’ Yellow 
Senna hebecarpa Wild Senna Medium 3’-5’ Yellow 
Silphium perfoliatum Cup Plant Medium 3’-10’ Yellow 
Silphiu terebinthinaceum Prairie Dock Medium 3’-8’ Yellow 
Sium suave Tall Water Parsnip Wet 2’-6’ White 
Smilacina racemosa Feathery False Solomon’s Seal Medium 1’-3’ White 
Solidago canadensis Canadian Goldenrod Medium 1’-5’ Yellow 
 



Solidago canadensis v. 
scabra 

Tall Goldenrod Medium 2’-7’ Yellow 

Solidago flexicaulis Broad-Leaved Goldenrod Medium 1’-3’ Yellow 
Solidago ohioensis Ohio Goldenrod Wet 2’-3’ Yellow 
Solidago patula Swamp Goldenrod Wet 3’-6’ Yellow 
Solidago riddellii Riddell’s Goldenrod Wet 2’-5’ Yellow 
Solidago rigida Stiff Goldenrod Medium 1’-5’ Yellow 
Solidago rugosa Rough Goldenrod Medium 2’-5’ Yellow 
Solidago ulmifolia Elm-Leaved Goldenrod Medium 3’ Yellow 
Spiraea alba Meadowsweet Medium 3’-6’ White 
Spiraea tomentosa Steeplebush Medium 2’-5’ Purple-Pink 
Stylophorum diphyllum Celadine Poppy Medium 2’-3’ Yellow 
Teucrium canadense Germander Medium 1’-3’ White 
Thalictrum dasycarpum Purple Meadow Rue Medium 3’-6’ Purple 
Thalictrum dioicum Early Meadow Rue Medium 1’-3’ Yellow 
Tradescantia ohiensis Common Spiderwort Medium 2’-4’ Purple 
Triadenum virginicum Marsh St. John’s Wort Wet 1’-2’ White-Pink 
Verbena hastata Blue Vervain Medium 3’-6’ Blue-purple 
Verbesina alternifolia Wingstem Wet 3’-7’ Yellow 
Vernonia fasciculata Common Ironweed Wet 3’-7’ Purple 
Vernonia gigantea Smooth Tall Ironweed Medium 4’-9’ Purple 
Vernonia missurica Missouri Ironweed Medium 3’-5’ Purple 
Veronicastrum virginicum Culver’s Root Medium 3’-6’ White 
Viola lanceolata Lance-Leaved Violet Wet 6” White 
Zizia aurea Golden Alexanders Medium 1’-3’ Yellow 
 



 
GRASSES, SEDGES, RUSHES 
Scientific Name Common Name Soil Moisture Height 
Andropogon virginicus Broom Sedge Medium 2’-4’ 
Calamagrostis canadensis Bluejoint Grass Wet 2’-4’ 
Carex aquatilis Long-Bracted Tussock Sedge Wet 2’-3’ 
Carex atherodes Hairy-Leaved Lake Sedge Wet 2’-3’ 
Carex bebbii Bebb’s Oval Sedge Wet 2’-3’ 
Carex comosa Bristly Sedge Wet 2’-3’ 
Carex crinita Fringed Sedge Wet 2’-5’ 
Carex cristatella Crested Oval Sedge Wet 2’-3’ 
Carex crus-corvi Crowfoot Fox Sedge Wet 2’-3’ 
Carex davisii Awned Graceful Sedge Medium 2’-3’ 
Carex emoryi Riverbank Sedge Wet 2’-3 
Carex frankii Bristly Cattail Sedge Wet 1’-2’ 
Carex granularis Pale Sedge Wet 1’-2’ 
Carex grayi Common Bur Sedge Wet 1’-2’ 
Carex haydenii Long-Scaled Tussock Sedge Wet 1’-3’ 
Carex hystericina Porcupine Sedge Wet 2’-3’ 
Carex interior Prairie Star Sedge Wet 1’-3’ 
Carex lacustris Common Lake Sedge Wet 2’-4’ 
Carex lupulina Common Hop Sedge Wet 2’-3’ 
Carex lurida Bottlebrush Sedge Wet 2’-3’ 
Carex muskingumensis Swamp Oval Sedge Wet 1’-2’ 
Carex normalis Spreading Oval Sedge Medium 1’-3’ 
Carex prairea Fen Panicled Sedge Wet 1’-4’ 
Carex projecta Loose-Headed Oval Sedge Wet 1’-3’ 
Carex radiata Straight-Styled Wood Sedge Medium 1’-2’ 
Carex scoparia Lance-Fruited Oval Sedge Wet 2’-3’ 
Carex sparganioides v. 
cephaloidea 

Rough-Clustered Sedge Medium 1’-3’ 

Carex squarrosa Narrow-Leaved Cattail Sedge Wet 1’-2’ 
Cyperus esculentus Field Nut Sedge Medium 1’-2’ 
Deschampsia cepitosa Tufted Hair Grass Wet 1’-3’ 
Diarrhena americana Beak Grass Medium 1’-3’ 
Dulichium arundinaceum Three-Way Sedge Wet 1’-3’ 
Eleocharis acicularis Needle Spike Rush Wet 6” 
Eleocharis ovata Blunt Spike Rush Wet 1’-2’ 
Eleocharis palustris Great Spike Rush Wet 1’-2’ 
Elymus canadensis Canada Wild Rye Medium 3’-6’ 



Elymus riparius Riverbank Wild Rye Medium 2’-4’ 
Elymus virginicus Virginia Wild Rye Medium 2’-4’ 
Equisetum hyemale Tall Scouring Rush Medium 1’-3’ 
Glyceria canadensis Rattlesnake Grass Wet 2’-3’ 
Glyceria grandis Reed Manna Grass Wet 3’-5’ 
Glyceria striata Fowl Manna Grass Medium 1’-5’ 
Hierochloe odorata Sweet Grass Medium 1’-3’ 
Hystrix patula Bottlebrush Medium 2’-3’ 
Juncus canadensis Canadian Rush Wet 1’-2’ 
Juncus effusus Common Rush Wet 1’-4’ 
Juncus tenuis Path Rush Medium 6”-2’ 
Juncus tenuis v. dudleyi Dudley’s Rush Medium 1’-2’ 
Juncus torreyi Torrey’s Rush Wet 1’-2’ 
Justicia americana Water Willow Wet 1’-2’ 
Leersia oryzoides Rice Cut Grass Wet 2’-4’ 
Panicum rigidulum Munro Grass Wet 1’-3’ 
Panicum virgatum Switch Grass Medium 3’-5’ 
Puccinellia pallida Pale Manna Grass Wet 2’-4’ 
Rhynchospora macrostachya Horned Beak Rush Wet 1’-2’ 
Scirpus cyperinus Wool Grass Wet 3’-5’ 
Scirpus fluviatilis River Bulrush Wet 3’-7’ 
Scirpus pendulus Red Bulrush Wet 2’-4’ 
Scirpus pungens Chairmaker’s Rush Wet 2’-5’ 
Scirpus validus Great Bulrush Wet 4’-8’ 
Sisyrinchium angustifolium Stout Blue-Eyed Grass Medium 1’ 
Sisyrinchium atlanticum Eastern Blue-Eyed Grass Medium 1’ 
Sorghastrum nutans Indian Grass Medium 4’-9’ 
Sparganium americanum American Bur Reed Wet 2’-5’ 
Sparganium eurycarpum Common Bur Reed Wet 2’-6’ 
Spartina pectinata Prairie Cord Grass Medium 3’-7’ 
Sporobolus heterolepis Prairie Dropseed Medium 2’-3’ 
Triglochin maritimum Common Bog Arrow Grass Wet 1’-2’ 
Zizania aquatica Wild Rice Wet 3’-7’ 
 



 
SHRUBS 
Scientific Name Common 

Name 
Wetland 
Indicator 
Status 

Soil 
Moisture

Expected 
Height 

Bloom Time 
& Flower 

Color 
[Fall Color] 

Aronia melanocarpa Black Choke Berry FAC Medium 6' Spring; White 

Cephalanthus 
occidentalis 

Buttonbush FACW Wet 15’ July-
September;White 
[Green-Yellow] 

Forestiera acuminata Eastern 
Swamp-Privet 

OBL,FACW Wet 30-33' March-May; 
Yellowish 

Ilex decidua Possumhaw FACW Wet 30-33' Spring; White 
[Yellow] 

Ilex mucronata Catberry FACW Wet n/a Whitish 
Inconspicuous 

Ilex verticillata Common 
Winterberry 

FACW+ Wet 3-10’ April-July; White, 
Yellow, Green 

Lindera benzoin Spicebush FAC Medium 15’ Mid-spring; 
White 

Nemopanthus 
mucronatus 

Mountain 
Holly 

FACW Wet n/a Small White  
[Yellowish] 

Physocarpus opulifolius Ninebark FAC Medium 10’ Late Spring; 
Purple 

Salix serissima Autumn Willow OBL Wet 3.5-15’ May-June; Yellow 
Sambucus canadensis Elderberry FAC Medium 15’ White 

Sambucus nigra ssp. 
canadensis 

American Black 
Elderberry 

FACW- Wet To 12’ May-July; 
White 

Styrax americanus American 
snowbell 

FACW Wet 10-15' Spring; White 

Thuja occidentalis Arborvitae FAC medium 25-50' Not significant 
 

Vaccinium arboreum Farkleberry FAC Dry 28' Late Summer; 
White 

Viburnum dentatum Southern 
Arrowwood 

FAC Medium Up to 30’ Late May-Early 
June; white 
flowers 

Viburnum nudum var. 
cassinoides

Withe-Rod; 
Possumhaw 

FACW Wet 5-20’ May-July; 
White clusters 

Viburnum lentago Nannyberry FAC+ Medium 12-15’ Late May; 
White 

Viburnum opulus var. 
americanum

American 
Cranberrybush

FACW Wet Up to 15’ May-June; 
White clusters 

Viburnum prunifolium Blackhaw FAC Medium 20’ Spring; White 

http://plants.usda.gov/java/profile?symbol=FOAC
http://plants.usda.gov/java/profile?symbol=ILDE
http://plants.usda.gov/java/profile?symbol=ILMU
http://plants.usda.gov/java/profile?symbol=STAM4
http://plants.usda.gov/java/profile?symbol=THOC2
http://plants.usda.gov/java/profile?symbol=VAAR
http://plants.usda.gov/java/profile?symbol=VINUC
http://plants.usda.gov/java/profile?symbol=VINUC
http://plants.usda.gov/java/profile?symbol=VIOPA2
http://plants.usda.gov/java/profile?symbol=VIOPA2



