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Abstract 

With constant increases in development and the conversion of natural land cover to urban surfaces, 

comes increased stormwater runoff.  Research has indicated that stormwater runoff is the primary 

source of pollutants found in surface waters and contains a toxic combination of oils, pesticides, metals, 

nutrients, and sediments (MPCA 2008).  Moreover, studies have shown that once a watershed reaches 

just 10% impervious surface cover, water resources are negatively impacted (Schueler, 1994).   

Past efforts to control stormwater at the local level have focused on detaining peak flows and have paid 

little attention to pollutant reduction or restoring natural hydrologic flow regimes.  However, with the 

growing popularity of concepts like smart growth, low-impact development, and sustainable 

development, there evolved a greater focus on adopting policies that consider both growth and 

conservation simultaneously.  As a result, new goals were developed to minimize runoff by infiltrating 

rainfall on site and to find uses for the water as opposed to utilizing storm drains. 

This study aims to address three major topics of interest: How urbanization has affected hydrology and 

water quality in Minnesota and the current BMPs used to mitigate those effects; the tools that local 

communities can use to apply these BMPs; and a case study on a specific project that utilized BMPs to 

educate the public.   

This study reveals that urbanization is increasing at a rapid rate in Minnesota which is increasing the 

amount of stormwater runoff which leads to decreased water quality.  The current BMPs that have been 

developed are effective, but barriers exist that are prohibiting their implementation like high costs, 

outdated ordinances, and a basic lack of understanding.  However, through the use of incentives, 

innovative regulations, and the creation of pilot/educational projects, local communities can effectively 

require and/or encourage developers to utilize stormwater BMPs on that site level rather than utilizing 

storm drains.  An example of this is at the University of Minnesota Landscape Arboretum’s Rainwater 

Runoff Model.   Here, a pilot/educational project has been built that clearly illustrates how urban, 

impervious surfaces negatively affect water quality, and how utilizing BMPs can tremendously improve 

water quality.    
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Introduction/Context 

With constant increases in development, natural, undisturbed land is rapidly being replaced with 

impervious surfaces such as asphalt roadways, parking lots, and buildings.  Consequently, the 

management of increased levels of stormwater runoff and its impact on the environment has become a 

key issue for all levels of government throughout the United States.  Several studies indicate that 

stormwater runoff is the primary source of pollutants found in surface waters and contains a toxic 

combination of oils, pesticides, metals, nutrients, and sediments (MPCA 2008).  Additionally, research 

has shown that once a watershed reaches just 10% impervious surface cover, water resources are 

negatively impacted.  Approximately 40% of America’s surveyed waterways are still too polluted for 

fishing or swimming and 90% of our population lives within 10 miles of these bodies of water (Schueler, 

1994).   

 

Increasing stormwater runoff levels also are negatively impacting aging and outdated storm sewer 

systems across the country, particularly in urban areas.  Municipalities will either be forced to replace 

and update their sewer systems at enormous cost to their residents or manage their stormwater runoff 

in other ways (MPCA, 2008). 

 

In the early 1990’s, the United States Environmental Protection Agency (EPA) established the National 

Pollutant Discharge Elimination System (NPDES) stormwater regulations to comply with the 

requirements of the Clean Water Act.  Compliance with federal, state, and local stormwater programs 

involves the use of “best management practices” (BMPs) to manage and control stormwater runoff 

(MNDOT, 2005). Effective management of stormwater runoff offers a number of benefits, including 

improved quality of surface waters, protection of wetland and aquatic ecosystems, conservation of 

water resources, and flood mitigation.  Traditional flood control measures that rely on detention of peak 

flow are typical of many stormwater management approaches, but generally do not target pollutant 

reduction, and often cause unwanted changes in hydrology and hydraulics. The EPA recommends 

approaches that integrate control of stormwater and protection of natural systems (MPCA, 2008). 

 

In 1999 and 2001, the International City/County Managers Association (ICMA) and the EPA unveiled the 

outline for “Smart Growth” policies that local governments could adopt to meet environmental, 

community, and economic goals.  At the same time, groups such as the Low Impact Development Center 

and the Center for Watershed Protection began promoting low impact development (LID) as a way to 

protect the nation’s water resources.  They encourage “comprehensive land planning and engineering 

design, watershed planning and restoration, and stormwater management approaches that protect 

water resources and attempt to maintain pre-existing hydrologic site conditions.”  Their goal is to 

achieve unmatched environmental protection, while allowing for sustainable development (MPCA, 

2008). 

 

The EPA began partnering with these groups in the early 2000’s to promote the use of LID and Smart 

Growth, largely through the implementation of BMPs, as a way to control stormwater runoff.  The 

objective is to protect water resources at the regional level by encouraging states and local governments 
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to adopt policies that consider both growth and conservation simultaneously. These methods are 

gaining favor across the country and are being incorporated into local development guidelines to help 

meet stormwater runoff requirements and provide more livable, sustainable communities.  One of the 

main goals of LID is to minimize runoff by infiltrating rainfall on site and to find uses for the water as 

opposed to utilizing storm drains.  LID objectives include the reduction of impervious cover, preservation 

of natural landscape features, and the maximization of infiltration opportunities.  Infiltration aids in 

recharging groundwater, reduces urban heat island effect, and minimizes downstream erosion and 

flooding. This allows development to occur with much less environmental impact (MPCA, 2008). 

 

This paper had been divided into three major focus areas.  The first part will focus on specifically how 

urbanization has affected both hydrology and water quality and the effectiveness of current BMPs.  This 

will give the reader a better understanding of the urbanization problem and how the current 

technologies aim to reduce the effects.  This will be followed by a second part that examines the tools 

that local communities can use to reduce imperviousness and encourage BMPs at the local, site level.  

The third part will examine a specific site, the University of Minnesota Landscape Arboretum’s 

Rainwater Runoff Model, and apply a case study evaluation that will focus on all aspects of the project 

from its inception to the lessons learned.    
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Part 1. The effects of urbanization on hydrology and water quality and the effectiveness of current 

Best Management Practices 

 

The Effects of Urbanization on Hydrology 

In the state of Minnesota, precipitation patterns vary from event to event and geographically from the 

Northwest portion of the state to the Southwest.  The use of statistics allows us to better understand 

the significance of these patterns and variability.  Over time, precipitation events can be averaged to 

develop what is known as the “normal annual precipitation pattern” (see Figure 1) (MPCA 2008). 

While these patterns may not have been affected by human activity, it is evident that runoff has 

changed significantly with human development.  “In the pre-settlement Midwest, entire watersheds 

were in vegetative cover (e.g., prairie, oak savanna), with maximum infiltration and minimum runoff” 

(MPCA 2008).  In fact, the amount of development in acres has increased dramatically from 0 in 1890 to 

599,675 in 1990 (see Figure 2) (LCCMR 2007).   

 

Figure 1. Normal annual precipitation in inches in Minnesota, 1961-90.  (MPCA 2008)  
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Figure 2. Marschner’s Map of vegetation around the time of European settlement and contemporary landcover based on 1990 GAP data.  

Credit: Daren Carlson, MNDNR  (LCCMR 2007).  

 

With the post-settlement conversion of the landscape to agricultural and urban uses came a substantial 

change in runoff of precipitation to wetlands, lakes and streams (MPCA 2008).  Impervious surfaces and 

artificial drainage systems have increased the volume of runoff and have greatly accelerated the rate at 

which water flows through the landscape.  Research by the United States Department of Agriculture 

further demonstrates this by showing that impervious surfaces in urban settings transport runoff more 

rapidly and in greater volumes than before development occurred (See Table 1) (MPCA 2008).     

Additionally, “changing demographics, in the form of increased population, and land use, in the form of 

urbanization [via commercial, industrial, and residential development], have resulted in large increases 

in urban growth and rapid expansion in the extent of impervious surfaces” (see Table 1) (LCCMR 2007).  

Research by the University of Minnesota’s Remote Sensing and Geospatial Analysis Laboratory has 

shown that percent increases of impervious surfaces have grown significantly in the state of Minnesota 

from 1990 to 2000 (see Figure 3).  This growth is most evident in the Twin Cities Metro Area (LCCMR 

2007). 
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Land Use Type Average percent 

impervious surface 

by land use type 
Commercial and business districts 85% 

Industrial districts 72% 

Residential districts by average lot size 
1/8 acres or less (townhouses) 65% 

1/4 acre 38% 

1/3 acre 30% 

1/2 acre 25% 

2 acres 12% 

From USDA, Soil Conservation Service, June 1986 
Table 1. Urban areas: average percent impervious surface by type of land use, 1986 (MPCA 2008) 

 

How Urbanization Affects Water Quality 

Historically, efforts to improve water quality in the state of Minnesota have focused on controlling point 

source pollution.  Good progress has been made in controlling water pollution, largely through the 

implementation of new wastewater treatment facilities for cities and industries.  However, Minnesota’s 

natural streams, lakes and groundwater continue to be degraded by pollutants carried by run-off.  These 

forms of pollution are known as nonpoint-source pollution (MPCA 2008).   

There is a common misconception that run-off from urban areas is “clean” or “natural” and that it does 

not harm our water quality.  This is understandable because it is hard to visualize the subtle changes in 

volume of pollutants over time.  Additionally, the actual amount of pollution at a given location can be 

so small that it would be insignificant were it the only source.  However, when you combine all of these 

small amounts of pollution together, they can cause very serious problems to water quality (MPCA 

2008).  In fact, “current development practices have been shown to significantly impact watersheds by 

increasing run-off and pollutant loading with impervious surfaces covering as little as 10% of the 

watershed” (Schueler 1994). 

There are two major reasons why urbanization decreases water quality.  First, the volume and rate of 

run-off are typically increased as development increases, therefore providing a greater capacity to carry 

pollutants.  Second, as natural vegetative cover is reduced, materials are more easily picked up and 

transported.   

Rainfall and snowmelt can run off of urban surfaces and act as a carrier of sediment and contaminants.  

The proliferation of urban surfaces increases the amount of run-off in a watershed.   The typical 

pollutant contributors (those sources that create nonpoint-source pollutants) in runoff include: 

vehicular traffic, industrial sources, agriculture, and lawn care, among others (MPCA 2008).  The major 

urban nonpoint-source pollutants (those pollutants that accumulate due to nonpoint-source pollution) 

include: solids loading, nutrient loading, and contaminants (i.e. mercury, pesticides, 

pharmaceuticals/endocrine disruptors).  Each of these will be discussed below (LCCMR 2007).  
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Figure 3. Impervious surface increase by watershed 1990-2000. (LCCMR 2007) 

 

 

Solids Loading 

Solids loading results primarily from land disturbances caused by agriculture and new construction, but 

can also result from shoreland development, urbanization, and stormwater drainage.  When high 

volume rainfall occurs, water that would have naturally flowed through the ground is carried over 

impervious surfaces and causes higher flows and higher loads of sediment and pollutants in streams and 

rivers.  “Solids delivered from the watershed can cause cloudy or turbid water which negatively impacts 

fish and aquatic communities” by reducing water clarity which can affect water temperature and 

dissolved oxygen content (LCCMR 2007).  

 



10 

 

Nutrient Loading 

Phosphorus is the nutrient that causes the most concern in Minnesota water systems.  It occurs 

naturally in our soils and waters, but when in excess amounts it promotes a proliferation of algae that 

can result in reduced dissolved oxygen content.  Phosphorus most often enters the watershed through 

agricultural and residential fertilizer runoff.  It is no surprise that in Minnesota, total phosphorus has 

increased greatly in areas that have seen the highest amounts of urban development (the Metro region 

and Central Lakes region) (see Figure 4).  These excess amounts can cause negative effects to both fish 

and aquatic communities.  Excess phosphorus is most often delivered from non-point sources like 

shoreland development, poor farming practices, and residential lawns (LCCMR 2007).   

  

 

Figure 4.  This plot shows the increase in total phosphorus (TP) over time in Minnesota lakes (the dates of the measurements are 

on the horizontal axis). Phosphorus is a major pollutant, and it has increased significantly in the Metro region lakes and in the center 

of the state (which is labeled NCHF and WCBP) over the past 200 years. Lakes in forested northeastern Minneosta (labeled 'NLF') 

have not seen an increase in phosphorus. Maximum and minimum values may range widely around the points shown, which are 

averages (Ramstack et al 2004). 

 

Contaminants 

There are several chemical, physical, and microbiological contaminants that can affect water quality in a 

variety of ways.  This section focuses on constituent materials like motor oil, diesel fuel, and heavy 

metals (lead, copper, and zinc) that can accumulate at unsafe concentrations in stormwater runoff.  The 

major source for these accumulations is automobile use on impervious pavements that allow the 

constituent materials to runoff rather than infiltrate the soil.  At high concentrations, heavy metals and 

motor oil can adversely affect water quality.  Contaminants and pavement surfaces will be discussed 

later in the Best Management Practices section (Brattebo and Booth 2003). 
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Other contaminants that can affect Minnesota water resource quality are mercury, pesticides, and 

pharmaceuticals/endocrine disruptors.  Although the major sources of these contaminants are industrial 

and agricultural, they can enter via stormwater runoff. 

 

A Summary of Best Management Practices (BMPs)  

To protect water resources from the negative impacts of urbanization, a variety of BMPs have been 

established for use in areas that have already been developed or are in the process of being develped.  

The Minnesota Pollution Control Agency (MPCA) defines water quality Best Management Practices as, 

“practices, techniques, and measures that prevent or reduce water pollution from nonpoint sources by 

using the most effective and practicable means of achieving water quality goals.  Best management 

practices include, but are not limited to, official controls, structural and nonstructural controls, and 

operation and maintenance procedures” (MPCA 2008).  

The mechanisms for pollutant removal from stormwater are based on gravity, settling, infiltration, 

adsorption, and biological uptake.  Typical BMPs in Minnesota include: dry ponds, wet ponds, infiltration 

trenches, infiltration basins, constructed wetlands, grassed swales, bioretention cells, sand filters, and 

porous pavements (MNDOT 2005).  It is important to point out that the capabilities of each BMP are 

unique.  Each has its limitations in addition to the physical constraints of the site it is prescribed to.  At 

the very least, a BMP program that has been developed for a specific site should strive to accomplish the 

following goals: 

• Reproduce, as nearly as possible, the natural hydrological conditions in the watershed prior to 

the development of any previous human alteration 

• Provide a moderate-to-high level of removal for most urban pollutants in the watershed to 

achieve desired downstream water quality 

• Be appropriate for the site, given physical constraints 

• Be reasonably cost-effective in the comparison with other BMPs (MNDOT 2005) 
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BMPs Currently In Use 

The following table lists and describes specific BMPs to better understand their design and function. 

 

Table 2. BMP methods 

1. Rain 

Gardens 

A rain garden is a small, 

shallow, normally dry 

basin, constructed to 

capture runoff and treat 

it by exposing it to plant 

use and infiltration.  

Nutrients, contaminants, 

and other pollutants are 

absorbed into the soil 

and vegetation as the 

water infiltrates 

(MNDOT 2005) 

 

2. Bio-

Retention 

Areas 

A bio-retention area 

consists of a shallow, 

normally dry basin that 

is designed to capture 

the first flush of runoff 

and pass it through an 

artificial soil profile to 

filter and clean it 

(MNDOT 2005) 

 

3. Dry/Wet 

Ponds 

Dry and wet ponds are 

designed to slowly 

release water over a 

specified period of time 

sufficient to remove 

settleable pollutants to 

acceptable levels of 

concentration (MNDOT 

2005) 
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4. 

Constructed 

Wetland 

A constructed wetland is 

an artificial wetland 

specifically constructed 

to treat runoff water by 

removing pollutants by 

sedimentation, plant 

filtration, and plant 

uptake (MNDOT 2005) 

 

5. Swales Swales are vegetated, 

earth-lined channels that 

are constructed to 

convey runoff flow from 

specific design storms 

from one place to 

another (MNDOT 2005) 

 
6. Infiltration 

Trench 

An infiltration trench is 

a shallow trench 

excavated in undisturbed 

soil to accept runoff and 

infiltrate in into the soil. 

The trench is filled with 

rock or stone to create 

an underground 

reservoir (MNDOT 

2005) 
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7. Sand Filter A sand filter is a device, 

usually a chamber that 

cleans runoff water by 

passing a specified 

design flow through a 

bed of sand to reduce the 

concentration of 

pollutants (the chambers 

are below the grated and 

solid covers) (MNDOT 

2005) 

 

8. Porous 

Pavement 

There are several 

categories of material 

that fall within the 

definition of porous 

pavement.  Stormwater 

infiltrates through the 

upper pavement layer 

and flows naturally 

through the underlying 

soil (MNDOT 2005) 

 
Images from Metropolitan Design Center, Cahill Associates, and North Carolina Division of Water Quality 

 

 

Effectiveness of stormwater BMPs in controlling stormwater runoff volume and improving water 

quality 

A 2005 study by the Minnesota Department of Transportation (MNDOT) assessed the effectiveness of 

BMP methods by measuring their infiltration capacities.  Similarly, a 2003 study was conducted in 

Washington State that looked at the long-term effectiveness of porous pavements.  Both of these 

studies will be discussed below. 

Minnesota Department of Transportation Study 

The BMP methods introduced in Table 2 all involve some sort of infiltration as a major component of the 

operation of the practice.  Therefore, it is of value to determine how effective the BMP method is in 

meeting the goal of controlling stormwater.  The approach that the 2005 MNDOT study used was an 
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infiltration capacity assessment developed by Johnson, Otto and Nieber (Johnson et al. 2005).  This 

method involves taking tubular soil samples at selected points across a study site where BMPs have 

been introduced.  Using a set of equations developed by Johnson et al., a value is derived (K) that 

represents the hydraulic conductivity of the soil.  According to the study, it is sufficient to use the K-

value to assess the infiltration capacity of the soil used in the BMP, which can be an overall predictor of 

effectiveness.  The MNDOT study used these infiltration measurements on 24 sites where stormwater 

BMPs were in place.  The BMPs that were represented were stormwater basins, swales, and rain 

gardens.  The K-values are presented in Table 3.  Although the ranges varied significantly, rain gardens 

demonstrated the highest capacity to infiltrate stormwater.  It should also be noted that infiltration 

basins and swales demonstrated high performance and are considered effective measures for infiltrating 

stormwater.  Samples were only taken for areas with BMP treatments and a base-scenario was not 

established. 

Table 3. BMP K-values. 

Best Management Practice K-value range in inches/hour 

Infiltration Basins .362 – 2.55 

Swales 1.53 – 4.9 

Rain Gardens 1.19 – 6.02 
Source: MNDOT 

 

Washington State Study 

An additional study in Washington State looked at the effectiveness of porous pavements at addressing 

the problem of increased stormwater runoff and decreased stream water quality associated with 

automobile usage.  Specifically, the study examined surfaces that undergo less automobile travel like 

parking lots, driveways and road shoulders. 

Eight different parking stalls were constructed using four different types of commercially available 

porous pavements.  The pavers were; Grasspave, a system with virtually no impervious area; 

Gravelpave, a similar surface filled with gravel; Turfstone, a concrete block surface with 60% impervious 

surface; and UNI Eco-Stone, a smaller block surface with 90% impervious coverage.  A ninth stall was 

paved with common asphalt as a control.   

A series of pipes and gutters were used to collect runoff and infiltrate from all nine stalls.  The rate of 

precipitation and the rate of runoff was also collected at intervals of fifteen minutes and recorded.  The 

durability of each stall was measured by a qualitative comparison to the asphalt site.  Water samples 

were only taken during rainfall events.  These samples were collected within twenty-four hours of a 

rainfall event and kept on ice.  The samples were then analyzed for hardness, conductivity, dissolved 

metals, diesel fuel and motor oil.  A state certified lab conducted the analysis.  This data was collected 

for six years.  The site was in Renton, Washington. 

Visual qualitative inspection revealed that after six years, there was little sign of wear and tear on the 

four permeable pavements.  Two of the pavements that did not include blocks had shifted slightly due 
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to the weight of the cars and rising soil, but not a significant amount.  The pavements with blocks 

showed no signs of wear and tear. 

Runoff rates from the control, asphalt site were very similar to precipitation rates, revealing that little or 

no infiltration had occurred.  This was significantly different for the permeable pavement sites.  In fact, 

for each permeable stall, nearly all of the water infiltrated for every recorded rainfall event.  However, 

over the duration of the experiment, there were six instances when a permeable pavement stall 

exhibited significant runoff.  Of the six, five occurred from the Grasspave surface.  The other occurrence 

was for the Gravelpave surface.  Four of the six occurrences happened during work hours when cars 

were almost certainly occupying the stalls.  It is believed that sheeting water from the hood of the car 

led to the increased runoff event.  The other two runoff events happened during extremely intense, 

prolonged rainfall events.   

In terms of water quality, the asphalt site had significantly higher concentrations of toxic chemicals.  The 

four other porous pavement surfaces were all below Washington’s minimum detection limit.  This 

suggests that the pavement systems effectively infiltrated stormwater runoff and filtered out toxic 

chemicals (Brattebo and Booth 2003).  

Both the MNDOT study and the Washington State study suggest that the current BMPs, from a 

functionality viewpoint, are effective measures for dealing with stormwater runoff. 

Conclusion 

Simply put, the proliferation of impervious, urban surfaces increases the amount of stormwater runoff 

which leads to decreased water quality.  The emergence of BMPs has demonstrated that through proper 

design and application, runoff can be reduced and natural flow regimes can be restored.  Although these 

technologies are readily applied and proven effective, there are still obstacles that block communities, 

developers, and property owners from embracing them.  Namely, high costs, outdated ordinances, and 

a lack of understanding about the technologies are what inhibit the implementation of the BMPs.  Part 2 

will explore the ways in which communities can promote the application of BMPs to reduce 

imperviousness.        

Part 2. Tools for local communities to promote the application of BMPs 

 

Municipalities have implemented a wide range of “carrot” (incentive) and “stick” (regulations) 

approaches, as well as education initiatives to encourage the implementation of more sustainable 

stormwater BMPs.  A communities’ decision to apply regulations, incentives, education, or a 

combination of approaches will largely be based on the existing procedures that apply to new 

development or redevelopment within the community.  While regulatory requirements for managing 

stormwater may be the most straightforward way to approach the issue, incentives may be used to gain 

support and good will from the local development community.  Additionally, educational “pilot projects” 

offer a unique way for a community to teach the public (and developers) about stormwater BMPs while 
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also creating real, functioning projects.  A combination of regulations and incentives for developments 

and educational projects are a great way for communities to achieve their stormwater management 

goals (WERF, 2009).  Each of these approaches will be discussed below with real-world examples. 

 

What kind of regulatory approaches are possible? 

Most communities have development codes and ordinances that deal specifically with stormwater 

management.  Typically, these ordinances are in regards to the National Pollutant Discharge Elimination 

System (NPDES) Phase I and Phase II rules.  In addition to meeting the NPDES rules, several communities 

have separate stormwater management action plans for reducing stormwater runoff and mitigating the 

negative effects.  In most cases, the regulatory approach for local municipalities is embodied in design 

guidelines or design standards at the site level.  One way for communities to better regulate stormwater 

runoff is to modify their current standards and guidelines to include what the community sees as 

“desirable” BMPs and stormwater management features.  To realize these changes, planners can work 

cooperatively with stakeholders such as planning commissions, citizen groups, city councils, and other 

decision-making bodies to recognize what “desirable” means for that specific community.  In some 

areas, this may be a requirement to install vegetated BMPs, favoring a bioengineered approach over 

hardened structures wherever possible.  Other communities might favor BMPs that have a recreational 

or public use feature, while some communities might require the use of native plants. The use of 

“green” BMPs can be required for all projects unless developers can show that such an approach is not 

feasible because of site constraints or engineering limitations, in which case they would be granted a 

waiver (both Portland and Philadelphia have waiver options, though they are used infrequently) (WERF, 

2009). 

Another way to regulate the use of BMPs is through the adoption of model sustainability ordinances 

that focus on reducing imperviousness.  Porous pavers, as mentioned in Part 1, are an effective way for 

communities to continue providing transportation infrastructure, while also allowing for proper 

stormwater infiltration.  However, communities have been reluctant to include these pavements as an 

allowed surface (especially in northern climates) due to durability concerns and maintenance costs.  

Nevertheless, allowing the use of porous pavements and including them in design standards and 

guidelines for trails, parking lots, and other low intensity uses is an effective way to implement the use 

of BMPs.  A sample model stormwater ordinance that includes pervious pavement systems can be 

viewed in the Appendix (NRMCA, 2009). 

 

What incentives can communities offer to encourage BMP implementation? 

Offering incentives to developers for implementing BMPs is a unique way to avoid the often confusing 

maze of regulations, while also gaining support from the development community.  These incentives, 

which will be described below, are in the form of expedited development reviews, financial incentives, 

density bonuses, and recognition for innovation.   
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Speed development reviews – A common misconception by developers regarding the use of BMPs is 

that submitting plans with innovative or “green” technologies will slow down the review process and 

cost the developer time and money.  Communities can ensure that this is not the case by guaranteeing 

timely development reviews or even accelerating the review process for projects with innovative BMPs.  

For example, the City of Chicago has had great success with a green permitting program that accelerates 

the review process for “going green” (WERF, 2009).   

Offer financial incentives – There are a variety of financial incentives that local governments can offer to 

encourage the use of BMPs.  For example, the City of Minneapolis will reduce a development’s 

stormwater management fee by as much as 100% if the property owner can implement a significant and 

effective BMP on the property (City of Minneapolis, 2009).  If the community does not have a 

stormwater utility to begin with, they can simply reduce development review fees or impact fees.  

Communities can also offer tax incentives (WERF, 2009). 

Offer density bonuses – “Oftentimes the use of green infrastructure in lieu of traditional stormwater 

controls results in enhanced stormwater management performance and provides land savings that free 

up space for additional development density” (WERF, 2009).  As a result, communities should be willing 

to accept flexible site plans that allow for higher density development if the developer can utilize BMPs 

that would perform as well as or better than if the site were developed using the standard stormwater 

controls at the standard density (WERF, 2009).    

Offer recognition for innovation – Another innovative way for communities to offer incentives is by 

establishing certification or recognition programs for developers, homeowners, or businesses that go 

above and beyond the minimum performance requirements by implementing newer and innovative 

BMPs.  By doing so, developers are able to add value to their projects and benefit from the “good press” 

associated with the programs.  For example, communities can help to promote current green building 

standards like the Green Building Council’s “Leadership in Energy and Environmental Design” (LEED) 

certification system, or by developing their own criteria based on local priorities.  Recognition could be 

in the form of press releases, newspaper articles, plaques for the building, or awards ceremonies (WERF, 

2009).    

What educational tools can communities use to encourage the use of BMPs? 

Some communities have found that the best way to get developers, homeowners, and businesses to 

embrace the use of BMPs is not by using the “carrot” or the “stick”, but rather by leading by example.  In 

fact, some argue that local government investment and leadership in good BMP implementation has 

lead to greater stormwater program success (WERF, 2009).  One way of achieving this is by creating 

demonstration or pilot projects.  The idea is that the general public, engineers, architects, and 

developers can see firsthand that these types of projects can be effective, aesthetically pleasing, and 

easily implemented.   Two great local examples of demonstration/pilot projects are Burnsville’s Rain 

Garden Project and the University of Minnesota Landscape Arboretum’s Rainwater Runoff Model.  

Burnsville’s project will be described in greater detail below, and the Rainwater Runoff Model will be 

thoroughly examined in Part 3.  
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Burnsville’s Rain Garden Project – In 2002, the City of Burnsville, MN, in partnership with Barr 

Engineering and the Metropolitan Council, initiated a demonstration/pilot project in a residential 

neighborhood to demonstrate the effectiveness, ease of construction, and simple maintenance 

requirements of rain gardens.  The idea was that government and engineering partners would provide 

technical assistance for any homeowners that volunteered to join the project and have a rain garden 

constructed on their property.  In 2003, with funding from the City and the Metropolitan Council, the 

gardens were designed and built.  To date, the project has been a resounding success.  Not only has a 

local supportive constituency been developed for the use of rain gardens, but communities across the 

state have begun to inquire about how they to can initiate similar projects.  It should also be noted that 

the total investment by the City of Burnsville was only $30,000 (not including staff time).  By taking 

leadership and making a relatively small investment, they were able to construct numerous rain gardens 

while also building strong support for the use of stormwater BMPs (WERF 2, 2009). 

The final section focuses on the Rainwater Runoff Model at the University of Minnesota Landscape 

Arboretum.  It is presented as a case study that examines the model from the initial design process all 

the way to the lessons learned.  It includes the project’s history and the contextual basis for why a 

project like this was needed, as well as a number of pictures and sketches that illustrate the project’s 

design and effectiveness.   

 

 

 

 

 

 

 

Part 3. Case study on University of Minnesota Landscape Arboretum’s Rainwater Runoff Model 

 

Introduction to the case study methodology 

The methodology for examining the Rainwater Runoff Model was derived from Francis’ article, “A case 

study methodology for landscape architecture (2001).  This method aims to “make concrete what are 

often generalizations or purely anecdotal information about projects and processes.  They also bring to 

light exemplary projects and concepts worthy of replication (Francis, 2001).  The “full case study” format 

has been applied with only a few minor exceptions.   

Project Name 
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University of Minnesota Landscape Arboretum Rainwater Runoff Model 

Location 

University of Minnesota Landscape Arboretum, Chanhassen, MN  

Date designed/planned 

The project was planned in 2002 and into 2003.  As planning began for the expansion of the Marion 

Andrus (Children’s) Learning Center, the idea of designing an eco-friendly parking lot was born.  Shortly 

after the Landscape Arboretum planned for the expansion, the design for the parking lot (including the 

runoff model) was completed.   

Construction completed 

Pete Moe, the Associate Department Director of the Landscape Arboretum, was unsure of the exact 

completion date of the project.  He believes that is was completed in the fall or early winter of 2003. 

Cost 

According to Pete Moe, the exact final cost of the project is unknown due to the fact that portions of the 

work were paid for separately.  He estimates that the total cost was in the ballpark of $150,000 to 

$200,000.    

Size 

The project is roughly 1 acre.   

Landscape architect(s) 

Jim Robin was the lead landscape architect.  At the time of the project, Jim was a freelance architect 

working solo on the project.  Currently, Jim is employed by Close Landscape Architecture in Minneapolis, 

MN. 

Client 

The client for the project was the University of Minnesota Landscape Arboretum.  This project stemmed 

from the expansion of the Children’s Learning Center and the necessity to construct a parking lot. 

Managed by 

The project was managed by the University of Minnesota Landscape Arboretum.  The project was 

completed in cooperation with the Minnehaha Creek Watershed District and the Metropolitan Council.  

Site Analysis 

The site includes 5 models of parking lot stormwater management.  Each model is functioning parking 

lot that drains into an artificial pond.  Details of each model will be discussed in the ‘Project Elements’ 
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section.  The site can be characterized as an ex-urban landscape.  It is largely rural, but has recently 

undergone extensive residential development.  The model is located adjacent to Lake Minnewashta and 

is within the Minnehaha Creek Watershed.  From a functionality perspective, it is a good site for the 

purpose.     

Project background and history 

An excerpt from www.treeline.biz, best explains how the project originated.   

“Five years ago, the Minnesota Landscape Arboretum expanded its Marion Andrus (Children’s) Learning 

Center, necessitating a new parking lot.  The arboretum could have built a typical paved area, but it is, 

after all, an institution dedicated to the study of plants and ecology, so it did things a little differently.  

The arboretum’s executive director, landscape architect Peter Olin, called another landscape architect, 

James Robin, and asked him to do a sketch.  Olin often does this -- makes a quick call and asks for quick 

ideas, ideas that often end up built.  Robin created what he describes as a 20-minute trace-paper 

drawing that ‘raised the possibility of doing something besides parking.’”  

 

The resulting unusual little bit of pavement at the arboretum is called the Stormwater Runoff Model 

Parking Lot, and it is designed to test the downstream effects of different hard surface designs.  It has 

five distinct watersheds arranged amphitheater-like, splayed elegantly and sloped in one consistent 

direction.  Each watershed drains to its own raindrop-shaped concrete pool, where the captured water 

can be observed and studied.  The watersheds, though all the same size, are not created equal.  “We 

have played with the permeability of those watersheds,” says Robin (treeline, 2008). 

Genesis of project 

Project Summary 

The Run-Off Model and education project were built in conjunction with a new parking lot development 

near the Children’s Learning Center at the Minnesota Landscape Arboretum.  It consists of five clearly 

defined, adjacent areas of equal size, each with a different level of run-off infiltration and each draining 

to its own ponding area or sump where the quantity of run-off can be observed and compared, one area 

to another. 

 

Goals 

• Enable area planning professionals, architects, engineers, builders, developers, legislators, and 

homeowners to view and compare the appearance and effectiveness of five different options 

for treatment of storm-water run-off in a suburban parking lot.   

• Minimize the non-point source pollution associated with the addition of a large parking lot.  The 

Arboretum is located within the Minnehaha Creek Watershed District and its watershed drains 

directly into Lake Minnewashta, which in turn drains into Lake Minnetonka. 
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Objectives 

• Demonstrate new design paradigms for parking lots and other “hard surface” developments 

including curbless and “bottomless” paving and a variety of bio-retention techniques related to 

reducing storm-water run-off and sediment. 

• Demonstrate a variety of applicable materials for paving, planting, and filtering. 

• Demonstrate remedial techniques for use with existing pavements, including infiltration strips 

and crosswalk edges. 

• Demonstrate attendant techniques for treating storm-water quality, such as planted filter 

swales and sedimentation basins. 

• Monitor costs and effectiveness of each of the five Run-Off Model segments, tracking 

performance in rainy conditions, recording, comparing, and disseminating observations and 

results. 

• Educate visitors about the importance of effective storm-water run-off management in assuring 

urban ecological well-being. 

 

Project Elements 

The Run-Off Model consists of five separate areas: 

• Bituminous parking area with adjacent paved slope, concrete curb and gutter, paved filter area, 

a worst-case scenario included for comparison purposes. 

• Bituminous parking area flush with adjacent lawn slope and lawn filter area. 

• Bituminous parking area with vegetated islands, adjacent vegetated slope and lawn filter area. 

• Bituminous parking area with trench grates and adjacent vegetated slope and vegetated filter 

area.  This is a possible retrofit design for an existing parking lot with sufficient gravel base and 

underlying  porous soils that will absorb water. 

• Permeable pavement or “grasscrete” parking area with adjacent vegetated slope and vegetated 

filter area. 

 

Design, development, and decision making process 

The project’s design was intended to serve two purposes: to allow the public as well as professionals to 

view for themselves how effective different treatment options were at dealing with stormwater, and to 

actually reduce non-point source pollution as a functioning, eco-friendly parking lot.   

To achieve these goals, the project manager, along with the landscape architect, designed a parking lot 

that would easily illustrate the spectrum of permeability.  The model has five equally sized “watersheds” 

that have infiltration characteristics that vary from 100% impermeable to 100% permeable.  The 
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watersheds are continuously sloped to collection pools where the intention was to measure runoff 

volume differences and water quality.  It was agreed during the decision making process that this model 

would effectively illustrate how urbanization negatively affects water quantity and quality and how the 

implementation of BMPs could mitigate these effects. 

Role of landscape architect(s) 

Jim Robin’s role was to turn the Landscape Arboretum’s vision into something real.  He had to create 

something that was not only functionally effective, but also visually appealing.  Robin also understood 

that traditional stormwater management often favored function over appearance.  But as design 

paradigms shift from the old “hard surface” and “sewers” concept to more sustainable, infiltration and 

bio-remediation methods, a new focus emerges on design that pleases the eye.  Furthermore, the 

design had to be convincing.  After all, the project was primarily an educational tool that was meant to 

show the extremes of permeability and impermeability. 

Maintenance and management 

The Minnesota Landscape Arboretum manages the runoff model.  The permeable pavers require some 

maintenance (like sweeping) and the trench has to be cleared on occasion.  The only other maintenance 

required is for the planted materials.  The lawn is mowed, and the bushes are pruned when necessary.  

In general, the project requires little maintenance or management.   

 

 

 

 

 

Photographs 
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Figure 7. Aerial view of the rainwater runoff model 

 

Figure 8. 100% impermeable surface model 
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Figure 9. 80% impermeable surface model 

 

Figure 10. 75% impermeable surface model with increased plantings 
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Figure 11. 60% impermeable surface model with infiltration trenches and plantings 

 

Figure 12. 100% infiltration model utilizing permeable pavement and plantings 
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Site plans 

 

Site Plan 1. Rain Garden Concept Sketch – This sketch, produced by Jim Robin, was the preliminary sketch that illustrated the 

vision of the rainwater runoff model.  

 

Site Plan 2.  Rain Garden Model – This plan, produced by Jim Robin, was the model plan that evolved from the concept sketch 

that was eventually used to build the project. 

 

 

 

User analysis and peer reviews 
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The project has been very successful.  On a summer day, an arboretum visitor can clearly see how 

different the water in each pond is.  The 100% permeable water is almost always clear, whereas the 

100% impermeable is full of sediment and debris.  Figure 7 clearly demonstrates this.  This project has 

turned out to be wonderful success.  It is viewed as a model educational tool that could be implemented 

at environmental education centers, city halls, or universities. 

Criticism 

There are two minor criticisms.  First, no cost-effectiveness analysis has been completed, to date.  It 

would be great to back up the visual evidence of the model’s effectiveness with some actual water 

quality data.  At this time, such studies have not been conducted.  Second, the staff at the Children’s 

Learning Center (right next door) was not very knowledgeable about the model.  Although the model 

has informational kiosks, it would be helpful for visitors to speak with someone on location about the 

design of the model.   

Significance and uniqueness of project 

As an educational tool, this project is very unique.  BMPs are starting to emerge in a lot of projects, but 

nowhere else can you actually see the effectiveness, first-hand, like you can at the arboretum.  It is a 

great model for everyone to observe.  The hope is that it inspires others to do the same. 

Limitations 

The only limitation would be the location of the model.  If this were constructed at the Twin Cities 

campus at the U of M, it would have much more exposure and potentially have greater influence.  

Although the arboretum is a great location and it really does go along with everything they do, it could 

be more effective in different areas. 

Lessons learned 

The lessons learned in this project are: 

• Thoughtful design has the power to change the way people think 

• Good design is a mix of function and aesthetics 

• Design can educate and inspire people 

• Collaboration and “quick ideas” can lead to big results 

Web sites/links 

Link to University of Minnesota, UMNews article that mentions the project 

http://www1.umn.edu/umnnews/Feature_Stories/Arboretum_opens_new_Visitor_Center.html 

Link to “Storm, Form & Function” article that discusses the project 

http://www.treeline.biz/article.php?content_id=161 

 

Report Conclusions 
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There is a clear link between the proliferation of urban surfaces and increased stormwater runoff 

resulting in decreased water quality.  As development continues, planners, engineers, architects, and 

developers must begin to utilize the stormwater BMPs that are proven effective.  Innovative regulations, 

developer incentives, and educational projects are the leading tools that communities can apply to 

ensure that BMPs become a part of landscape.  Clean water is a treasured resource in Minnesota and 

unless action is taken action now to protect it, it will be rapidly degraded.   

Reducing imperviousness at the site level is a complex endeavor that will require a multi-faceted 

approach.  Although local communities are interested in and willing to facilitate the implementation of 

stormwater BMPs, they must also focus on their bottom line.  Additionally, the increased costs of BMP 

implementation may discourage development and lead to low-density developments.  A combination of 

incentives, regulations, and educational/pilot projects will allow for greater flexibility in implementing 

BMPs.  With the current economic conditions, local communities should focus their efforts primarily on 

non-monetary incentives, regulations that require minimal enforcement, and the facilitation of 

educational/pilot projects that are significantly funded through grants, private funding, and other 

sources. 
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Appendix 

Model Stormwater Ordinance including Pervious Pavement Systems 

(a.) Purpose. The purpose of this Ordinance is to promote health, safety, and welfare within (community) 
and its watershed by minimizing the harms and maximizing the benefits, through provisions designed for 
allowance of pervious pavement systems as part of a stormwater management plan. (Community) recognizes 
that stormwater runoff has been traditionally treated as a by-product of development to be disposed of as 
quickly and efficiently as possible. The result has often been increased flooding, degradation of surface and 
subsurface water quality, soil erosion and sedimentation, and a failure to capitalize on the benefit of creative 
stormwater management. It is the intent of this Ordinance to encourage the use of Best Management 
Practices (BMPs) which are structural, vegetative, or managerial practices designed to treat, prevent, or reduce 
degradation of water quality due to stormwater runoff. All development projects subject to review under the 
requirements of this Ordinance shall be designed, constructed, and maintained using BMPs to prevent 
flooding, protect water quality, reduce soil erosion, maintain and contribute to the aesthetic values of the 
project. 
 
(b.) General Requirement for Pervious Pavement Systems. 
 

(1) Pervious pavement systems shall be designed to manage stormwater through the prevention of 
flooding and the degradation of water quality related to stormwater runoff and soil erosion from 
proposed development. 
(2) Pervious pavement systems shall be designed by a registered professional engineer or landscape 
architect and installed by a contractor qualified in the particular system used; 
(3) The pervious pavement designer shall include maintenance instructions to the property owner 
along with a maintenance schedule; 
(4) Pervious pavement systems generally consist of a pavement layer and a detention layer. The 
pavement layer must be capable of supporting vehicular or pedestrian traffic and have sufficient 
porosity to allow rainwater to percolate into the layer below. The detention layer typically consists 
of gravel or crushed stone and has sufficient voids to store water after a storm until such time as 
the water can infiltrate into the soil below. In some areas the infiltration rate of the natural soil 
below the pavement system is sufficient to justify eliminating the detention layer. 
(5) At a minimum, a pervious pavement system must be designed to adequately accommodate a 
NRCS 2-year 24-hour design storm. The storage capacity of the pervious pavement system, which 
includes the pavement layer and the detention layer, must be designed to have sufficient detention 
capacity such that the stormwater will infiltrate into the soil below and can accommodate a second 
NRCS 2-year 24-hour design storm within 5 days of the previous storm; 
 

 
(c) For Development of New Properties. 
 

(1) Property is considered new property if the property proposed for development has no existing 
construction; 
(2) Impervious surface coverage of lots must not exceed twenty-five (25) percent of the lot area; 
(3) One-hundred (100) percent of the total area covered by pervious pavement systems designed to 
allow the infiltration of water may be considered pervious; 

 
(d) For Re-development of Existing Properties. 
 

(1) Property is considered existing property if the property proposed for re-development has 
existing construction. 
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(2) Existing properties that do not exceed the maximum allowed impervious surface for new 
properties shall meet the requirements for development of new properties. 
(3) Existing properties that exceed the maximum allowed impervious surface for new properties 
may construct new impervious surfaces if the proposed new impervious surface meets all setback, 
height and other regulations of this ordinance and if one of the two following conditions is met: 

i. The applicant removes existing impervious surfaces at a ratio of one and one-half (1.5) 
square feet removed for every one (1) square foot added and restores these areas to a 
pervious surface. Applicants are encouraged to replace existing impervious surfaces with 
natural vegetation at the 1.5 to 1 ratio, or, replace existing impervious surfaces with pervious 
pavement systems at a ratio of at least one and one-half (1.5) square feet converted for every 
one (1) square foot of new impervious surface being added; 
ii. The applicant removes existing impervious surfaces and restores those areas to a pervious 
surface at a 1 to 1 ratio and in addition, submits a comprehensive stormwater management 
plan that emphasizes infiltration and onsite retention of stormwater for at least the NRCS 2 
year design storm event through a combination of methods including buffer strips, swales, 
rainwater gardens, pervious pavement systems and other low impact development methods. 
The stormwater management plan must be designed by a registered professional engineer or 
landscape architect and installed as designed by a qualified contractor. 

(4) One-hundred (100) percent of the total area covered by pervious pavement systems designed to 
allow the infiltration of water may be considered pervious; 
(5) A survey shall be submitted showing calculations of the exact dimensions of all existing 
impervious surfaces and of the lot before and after completion of the project; 
(6) In replacing existing impervious surfaces with surfaces designed to be pervious, the applicant 
must give priority to replacing those surfaces closest to natural bodies of water (lakes, ponds, 
rivers, streams or ocean) or those surfaces where the replacement is most likely to improve storm 
water management; 

 
(e) Streets and Access. 
 

(1) Residential streets shall be designed with the minimum required impervious pavement width 
needed to support travel lanes; on-street parking; and emergency, maintenance, service vehicle 
access, and function based on traffic volumes. 
(2) Pervious pavement systems shall be considered a viable option for paving residential streets. 
(3) The total length of residential streets reduced by examining alternative street layouts to 
determine the best option for increasing the number of homes per unit length. 
(4) Street right-of-way widths shall be designed to reflect the minimum impervious pavement 
required to accommodate the travel-way, the sidewalk, and vegetated open channels. 

 
(f) Parking 
 

(1) Base parking requirements on the specific characteristics of the property use. 
(2) Reduce the overall impervious area associated with parking lots by providing compact car 
spaces, minimizing stall dimensions, incorporating efficient parking lanes, and using pervious 
pavement systems. 

 
(g) Site Design 
 

(1) Direct rooftop runoff to pervious areas such as pervious pavement systems, open channels, or 
vegetated areas and avoid routing rooftop runoff to the roadway and the stormwater conveyance 
system. 



34 

 

(2) Create a variable width, naturally vegetated or pervious buffer system along all drainageways 
that also encompasses critical environmental features such as the 100-year floodplain, steep slopes, 
and wetlands. 
(5) The use of pervious pavement systems for paved areas is encouraged. 
(6) New constructed storm water outfalls to public waters must provide for filtering or settling of 
suspended solids and skimming of surface debris before discharge. Pervious pavement systems 
may be used as one method to achieve this requirement. 

 
(h) Maintenance Inspection 
 

(1) (Community) shall ensure that preventative maintenance is performed by inspecting all 
stormwater management systems. 
(2) Inspection reports shall be maintained by (community) for all stormwater management systems. 
(3) Inspection reports for stormwater management systems shall include the following: 

i. The date of inspection; 
ii. Name of inspector; 
iii. The condition of: 

a. Vegetation or filter media; 
b. Fences or other safety devices; 
c. Spillways, valves, or other control structures; 
d. Embankments, slopes, and safety benches; 
e. Reservoir or treatment areas; 
f. Inlet and outlet channels or structures; 
g. Underground drainage; 
h. Sediment and debris accumulation in storage and forebay areas; 
i. Any other item that could affect the proper function of the stormwater 
management system. 

(4) Description of needed maintenance. After notification is provided to the owner of any 
deficiencies discovered from an inspection of a stormwater management system, the owner shall 
have 30 days or other time frame mutually agreed to between (community) and the owner to 
correct the deficiencies. (Community) shall then conduct a subsequent inspection to ensure 
completion of the repairs. 

 
(i) Applicability 

 

(1) All development located within the jurisdiction of (community) must meet the minimum 
standards of this ordinance for stormwater design. 
(2) Any project in this jurisdiction which has obtained building permits on or before (date) shall be 
exempt from the requirements of this ordinance. 

 
(j) This ordinance shall take effect and be in force from and after (date). 
 

 


