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WATERSHED PLANNING:  DETERMINING IMPERVIOUS 
SURFACE CAPACITY TO BETTER MANAGE GROWTH AT THE 

RURAL/URBAN FRINGE 
 

Introduction 
 
The Huron River Watershed Council, with funding from the People and Land Project of 
the W.K. Kellogg Foundation, is working with the Livingston and Washtenaw County 
Road Commissions and the Planning & Zoning Center, Inc. to create a model to better 
manage growth at the rural/urban fringe. Measures of impervious surface and gravel road 
capacity will be used to develop defensible zoning standards that accommodate new 
growth without unacceptable impacts on headwaters or the rural road system. A 
guidebook and training program will be pilot tested, then shared in rural areas throughout 
the state.  This White Paper focuses on the issues of imperviousness and water quality, 
the methodology used to establish imperviousness capacity, and policies and regulations 
communities can adopt to manage growth in a way that will maintain water quality. 
 
The project objective is to design and test a model for better managing growth in the 
rural/urban fringe. The model will determine the amount of new development that is 
appropriate in an area based on measurable impacts on the gravel and paved road system, 
as well as on streams, drains and other watercourses. This model is rooted in research 
from two previously developed techniques. The traffic shed concept was developed by 
planner/engineer Lane Kendig and published by the American Planning Association in 
PAS report # 485, Traffic Sheds, Rural Highway Capacity and Growth Management. 
The impervious surface approach to identifying natural limits on growth is most 
associated with the work of Tom Schueler of the Center for Watershed Protection, and is 
included in several books published by the Center.  The two-part model developed by this 
project will help direct how and where new development can be best concentrated in 
parts of the community where urban infrastructure is available to mitigate the negative 
impacts of traffic on roads and storm water runoff on stream systems.  It also provides 
guidance on accommodating new development along gravel roads and parts of a 
watershed with little urban development. 
 
The project will develop tools and training materials to institutionalize planning and 
zoning changes to manage growth.  These will take the form of a new guidebook and 
training program. 
 
The project will assist 4 pilot communities to utilize these tools, and 5 training programs 
will be conducted (one in Livingston County, one in Washtenaw County and 3 around 
Michigan) to educate other local government officials on how to successfully utilize the 
model to better manage growth at the rural/urban fringe. 
 
The Organization of this Paper 
This paper contains the following sections: 
 
I.  The Role of Impervious Surface in Protecting Water Quality.  This section addresses: 
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• Research connecting imperviousness and water quality.   
• The importance of maintaining ecologically intact watersheds.  
• The correlation between imperviousness levels in watersheds and watershed 

health. 
• The correlation of residential housing density, imperviousness, and watershed 

health. 
• A method for classifying watersheds based on their imperviousness that can help 

communities plan for growth. 
 
II.  Existing and Future Imperviousness in the Huron River Watershed.  This section 
describes the current imperviousness in subwatersheds within the Huron River Watershed 
and the projected imperviousness, based on community master plans. 
 
III.  Existing and Future Imperviousness and Imperviousness Capacities  in the 
Subwatersheds in the Pilot Communities.  This section describes the imperviousness 
capacity methodology conducted for this project: 
 

• Determination of current imperviousness in the watersheds in the four pilot 
communities. 

• Determination of future imperviousness of those watersheds given current zoning. 
• Development of planning goals for subwatersheds in the pilot communities based 

on current imperviousness and projected land uses in those subwatersheds. 
• Determination of imperviousness capacity for each watershed within the pilot 

area, given the water quality goals the communities have developed for them. 
 
IV.  Protecting Water Quality by Reducing Future Impervious Surface.  This section: 
 

• Presents a range of land use planning and regulatory strategies the pilot 
communities can adopt to keep imperviousness at acceptable levels within each 
watershed. 

• Presents the strategies and ordinance language each pilot community has decided 
to pursue in order to achieve the goals they have set for each subwatershed in 
their community. 
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I.  The Role of Impervious Surface in Protecting Water Quality 
 

Imperviousness and the Water Cycle 
Impervious surfaces have become a primary factor in protecting water quality.  
Impervious surfaces are surfaces such as rooftops, roads, driveways, sidewalks, and 
parking lots that are hard enough to prevent rainfall and snowmelt from infiltrating into 
the ground.  In an undeveloped watershed, where the vast majority of the landscape is 
pervious, most rain and snow falling on the watershed either infiltrates into the ground or 
is taken up by vegetation. Much of the water that infiltrates into the ground eventually 
makes its way into streams or lakes through groundwater seeps, or springs.  Water taken 
up by vegetation cycles back into the atmosphere through evapotranspiration (see Figure 
1).   
 
Because of these processes, runoff from natural areas is negligible, except after the 
largest storms.  Ecologically intact systems like this provide a number of services to the 
community, often termed “ecological services,” or “green infrastructure.”  These services 
include: 
 

• Groundwater.  Natural systems allow rain water and snowmelt to infiltrate into 
groundwater aquifers.  About 50% of Michigan residents rely on groundwater for 
drinking water.  Groundwater also provides irrigation water for agriculture and 
cooling water for industry.   

• Surface water.  By intercepting runoff and keeping surface waters supplied with a 
constant flow of clean, cool groundwater, natural systems keep streams, rivers and 
lakes clean.  New York City has recognized the benefits natural systems provide 
to their drinking water system.  The City has budgeted $660 million towards 
protecting the upper Hudson River Watershed, which drains into their drinking 
water supply.  The City calculated that if the watershed undergoes development 
without watershed protection, the water source will degrade, making a $4 billion 
water treatment plant necessary. 

• Pollutant removal.  As water infiltrates into the ground, soil filters out many 
pollutants. Vegetation also takes up nutrients and other pollutants, including 
phosphorus, nitrogen, bacteria, and even some toxic metals.    

• Erosion control.  Vegetation intercepts and soil soaks up water, keeping it from 
eroding streambanks and hillsides. 

• Air purification.  Vegetation purifies the air we breathe. 
• Flood and drought control.   Vegetation and soil intercepts runoff water, 

moderating floods and droughts.  In the 1970s, the U.S. Army Corps of Engineers 
purchased about 8,500 acres of wetlands along the Charles River, in 
Massachusetts, after concluding that preserving natural systems was a more cost 
effective way to control flooding than building more dams on the river.   

• Wildlife habitat and biodiversity.  Natural systems are vital to the survival of 
aquatic and terrestrial wildlife.  In addition to its aesthetic value, maintaining the 
biodiversity of species is vital to our economy and health.  For instance, 118 of 
the top 150 prescription drugs are based on natural sources. 
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• Recreation.  Natural areas provide recreation such as hiking, bird-watching, 
canoeing, hunting, and fishing that generate revenues to the local community. 

• Property values.  Natural areas enhance the value of neighboring properties.  
 
 

 
Figure 1.  Source:  Nonpoint Source Education of Muncipal Officials, University of 
Connecticut. 
 
As impervious surfaces within a particular watershed increase, water runs directly off the 
landscape into lakes and streams.  This causes a raft of problems for the stream and its 
inhabitants (Bird, et. al, 2000).  In highly impervious watersheds, the stream receives a 
flood of runoff water just after rainfalls or large snowmelts, but is deprived of water 
during dry times (see Figure 2).   
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Figure 2.  .  Source:  Nonpoint Source Education of Muncipal Officials, University of 
Connecticut. 
 
Both the high flows and the low flows are problematic for the stream.  The high flows 
can damage aquatic habitats and scour the banks, while low flows deprive aquatic 
wildlife of water and oxygen.  Runoff water is also much warmer than groundwater, and 
carries with it soil and whatever substances it may pick up from the landscape along the 
way, such as fertilizer, pesticides, oils, and other pollutants.   The system loses its 
capacity to provide the ecological services mentioned above.   
 
Imperviousness and water quality 
Many studies have shown a correlation between imperviousness and a wide variety of 
measures of water quality.  These measures include stream temperature, biodiversity, and 
pollution (Schueler, 1995).  These studies have shown a remarkable consistency in that, 
when the amount of imperviousness in a watershed exceeds about 8 – 10%, streams start 
to show these impacts.  Above these imperviousness levels, water quality degrades.  
These levels of imperviousness are reached very easily with minimal development.  A 
study in Minnesota related imperviousness to residential density, and found that once 
densities passed a threshold of 1 to 2 dwelling units per acre, imperviousness of 
watersheds reached 10 – 20% (Minnesotans for an Energy-Efficient Economy, 1999).   
 
In addition, the Huron River Watershed Council’s Adopt-A-Stream Program, which 
monitors the health of the tributaries by measuring temperature, sampling for aquatic 
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invertebrates, and assessing other indicators, has performed a study comparing creek 
water quality and imperviousness levels.  Their results conform closely with 
imperviousness studies conducted nationwide, finding that Huron Watershed 
subwatersheds begin to suffer loss of biodiversity and water quality at about 8% 
imperviousness, and begin to see the most severe impacts past 25% imperviousness 
(Wiley, 1999). 
 
Water quality and residential development 
Research has shown a strong relationship between the amount of residential development 
in a watershed, its imperviousness, and water quality.  A study in Ohio monitored fish, 
benthic macroinvertebrates, stream habitat and water chemistry in urban and suburban 
watersheds (Center for Watershed Protection, 2000).  They found that stream quality was 
more or less maintained until density passed one house per acre, after which streams 
failed to meet criteria considered appropriate for streams of their geological 
characteristics.  An Illinois study found similar results, except that stream quality began 
to degrade significantly once population densities passed 2.5 people per acre.  This 
population density corresponds to about 1 house per acre.   
 
A study in Virginia relating housing density to levels of phosphorus, nitrogen, and heavy 
metals levels in streams draining areas with different land uses found that phosphorus 
levels in receiving streams increased from .4 lb/acre/year to 1.1 lb/acre/year as single 
family residential density increased from .5 units/acre (about 2 acre lots) to 4 units/acre.  
Nitrogen levels increased from 4.1 to 8.8 lb/acre/year.  Heavy metals levels increased, as 
well (Schmelz, 2003).   

 
Whether studies relate imperviousness or residential density to water quality, a 
remarkably consistent threshold arises. The imperviousness threshold (over 10%) where 
watersheds begin to suffer is reached at relatively low densities: ½ to 1 dwelling unit per 
acre (1 to 2 acre lot) densities.   
 
While aware of this connection between density and imperviousness (and, therefore, 
watershed health), planners continue to recommend developing more densely.  This is 
because the imperviousness threshold is so easily reached with conventional, cookie-
cutter style zoning.  As density decreases, a longer and wider road, driveway, and parking 
network must be built to accommodate it (along with the accompanying commercial 
services and employment centers developed along with the new subdivisions), which 
means an actual increase  in imperviousness to accommodate those households.  In fact, 
research shows that subdivisions designed in a typical pattern, where one single family 
residence is located on its own lot, increase imperviousness by 10 - 50% compared to 
developments that group the same number of households onto smaller areas (South 
Carolina Coastal Conservation League, 1995).  
 
For instance, in South Carolina, a research team used a computer model to compare 
runoff volume and pollutant levels (specifically, sediment, phosphorus, nitrogen, and 
chemical oxygen demand) resulting from designing a 583-acre site using “sprawl” versus 
“traditional town” development patterns.  The traditional town design grouped 
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development into compact, high density neighborhoods, leaving about 400 acres of open 
space, while the sprawl design distributed the same number of homes and businesses 
throughout the site on larger lots.  The sprawl scenario resulted in 43% higher runoff, 3 
times more sediment, and significantly higher levels of other pollutants (South Carolina 
Coastal Conservation League, 1995). 
 
A regional study in New Jersey compared a sprawl scenario to one that placed new 
growth into desired locations (such as those with existing infrastructure, or away from 
sensitive watersheds).  Rutgers researchers found that the new design would consume 
28% less farmland, 43% less open space, 80% less environmentally sensitive lands (like 
forests, steep slopes, and sensitive watersheds), while accommodating 408,000 
households and 654,000 new jobs over 20 years (Benfield et. al., 1999).  The new design 
would result in a 40% reduction (about 4,560 tons per year) of stormwater runoff 
pollutants over that predicted for the sprawl scenario. 
 
Transportation and imperviousness 
The components of imperviousness are made up primarily of rooftops and the transport 
systems (roads, driveways, parking lots) built with development.  This transport 
component makes up the majority of the impervious area created by development.  A 
study in Olympia, Washington measured imperviousness in 11 typical developments 
found in the Olympia metropolitan area.   The researchers separated out percentage of a 
site’s area devoted to roads, parking, and sidewalks, and found that transportation-related 
imperviousness comprises 63-70% of total impervious cover (City of Olympia, 1994).  
The Center for Watershed Protection performed a similar analysis of 210 areas of land 
use in 4 communities in the Chesapeake Bay Watershed, and found similar results (see 
Table 1) (Cappiella and Brown, 2001).  This uneven distribution is even more 
pronounced in rural and suburban areas, where roads must be longer to reach homes 
further apart, driveways must be longer to reach homes set back further from roads, and 
parking lots must be larger to accommodate more cars, since alternative modes of 
transport are less common or nonexistent (Schueler, 1995). 
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Table 1: Percentage of Impervious Surface Devoted to Transportation in Various 
Land Uses.   
Land use Percentage of impervious 

surface transportation 
related (%) 

Agriculture 56 
Open Urban land 65 
Residential 1 DU/2 acres 75 
Residential 1 DU/1 acre 65 
Residential 2 DU/acre 60 
Residential 4 DU/acre 56 
Residential 8 DU/acre 56 
Residential townhome 55 
Residential multifamily 61 
Institutional 67 
Light industrial 67 
Commercial 72 
 
Monitoring studies have shown that concentrations of many pollutants (e.g. sediment, 
nutrients, bacteria, hydrocarbons, and some trace metals) are higher in runoff from roads 
and parking lots than in runoff from rooftops (Schueler, 1995; The Village Project, 2000).   
Therefore, it is paramount to concentrate on reducing transportation-related impervious 
surfaces, both because reducing transportation-related imperviousness would address the 
majority of impervious surfaces, and because transportation-related impervious surfaces  
have a higher impact on water quality than the rooftop component. 
 
Density and imperviousness 
The best way to keep a watershed below a 10% imperviousness threshold is to group 
development into higher densities on compact sites.  While imperviousness will be very 
high on these particular sites, the overall footprint of development regionally will be 
lower, leaving more of the watershed in a natural state (Schueler, 1995; City of Olympia, 
Washington, 1995; The Village Project, 2000; Jacob, 2002; U.S. EPA, Undated (a); 
Kauffman, et. al., 2000), and thus keeping imperviousness low over the entire watershed. 
(see Figure 3). 
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Figure 3.  Dispersed Versus Concentrated Development at the Regional Scale 
(Schueler, 1995) 

 

The first view shows dispersed low density development spread throughout the region, 
while in the second, development is concentrated in areas targeted for growth.  At a 
regional level, the second type of growth produces less impervious cover and, therefore, 
less negative water quality impacts. 

Encouraging compact development particularly reduces transportation-related 
imperviousness, which, as explained above, has a greater impact on water quality than the 
rooftop component.  Research shows that each doubling of average neighborhood density 
is associated with a decrease in per-household vehicle use of 20-40%, with a 
corresponding decline in emissions. This is one of the reasons that European cities 
typically exhibit only one-fourth the per-person emissions of carbon dioxide and other 
pollutants from transportation than are typical of American cities (Benfield, et. al., 1999).  

Many communities and planners have focused on stormwater Best Management Practices 
(BMPs) to mitigate the impact of the increased polluted runoff from development rather 
than decreasing impervious surfaces.  Recent studies have begun to show the 
effectiveness of these BMPs.  So far, results have shown that while BMPs can mitigate 
impacts of development, they alone will not serve to maintain or restore watershed 
quality to the “sensitive” (under 9-10% imperviousness) category.  Pollutant levels 
running off of a developed site with BMPs in place will still exceed levels running off of 
an undeveloped site (Schueler, 1995). 
 
Stormwater treatment alone will not maintain watershed quality at the “sensitive” level 
(i.e., the level where a watershed supports a full range of aquatic life, which is an 
indicator of its ability to provide safe, clean water, flood control, and other amenities to 
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the community).  Land use planning that limits watershed imperviousness to under 10% 
by grouping development into higher densities on compact sites is crucial to maintaining 
healthy watersheds. 
 
Addressing imperviousness through watershed-based planning  
The Center for Watershed Protection has developed a watershed planning strategy that 
communities can use to protect their sensitive watersheds while encouraging growth in 
areas that are more appropriate.   
 
The cornerstone of the strategy is land use planning based on watershed boundaries, since 
these are the boundaries that are relevant to determining water quality.  The Center 
recommends that watersheds be divided into subwatersheds of about 10 square miles, and 
that those subwatersheds be divided up into the following three categories (Center for 
Watershed Protection, Undated): 
 
Sensitive streams have watersheds that are under 10% impervious and typically have 
good water quality, good habitat structure, and diverse biological communities if riparian 
zones are intact and other stresses are absent.  Sensitive streams typically will be in rural 
areas that have not seen a great deal of development and may contain significant natural 
areas.  In these areas, the community would set goals to maintain those watersheds’ 
hydrology by keeping impervious levels in the watershed below 10%.   
 
Impacted streams have watersheds that are 10 to 25% impervious and show clear signs of 
degradation and only fair in-stream biological diversity.  Impacted streams have already 
seen some measure of development.  The community’s main goal in these watersheds 
would be mitigation of the impacts of existing and new development through site design 
that minimizes imperviousness, stormwater BMPs and restoration of natural areas. 
 
Non-supporting streams have watersheds that are more than 25% impervious, a highly 
unstable channel and poor biological condition supporting only pollutant-tolerant fish and 
insects.  The community’s goal for these watersheds is restoration and pollution 
reduction.  The Center for Watershed Protection and many other planners recommend 
that these watersheds be target areas for urban infill development (Schueler, 1995). 
 
Appendix A provides more detailed goals and management strategies for each 
subwatershed (Center for Watershed Protection, Undated). 
 
This section has explained the links between imperviousness, water quality, and 
development, and introduced a watershed-based planning strategy communities can 
adopt.  The next two sections will describe current and projected imperviousness in the 
Huron Watershed and in the pilot communities chosen for this project.   
The last two sections of the paper will present watershed-based planning policies the pilot 
communities (and others) can adopt to address imperviousness reduction in their master 
plans and zoning ordinances. 
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II.  Existing and Future Imperviousness in the Huron River Watershed 
 
Imperviousness as of 1995 
In 1995, the Huron River Watershed Council performed an imperviousness analysis for 
the Huron Watershed based on land use information from the Southeast Michigan 
Council of Governments, derived from interpretation of aerial photography taken in 
1995.  Impervious surface coefficients (see Table 2) developed by the Rouge Program 
Office (Kluitenberg, 1994) were used to relate imperviousness to each type of land use.  
Water and wetlands were removed from the analysis.  While water surfaces are 
impervious in a hydrologic sense, they do not generally have similar consequences on 
stream quality, watershed health, or pollutant loading as impervious cover such as roads, 
parking lots and rooftops (Cappiella and Brown, 2001). Also, including waterways would 
skew watersheds with more lakes and ponds towards higher imperviousness levels.  The 
land use/imperviousness map was then intersected with a tributary subbasin (or 
“creekshed”) map, using GIS, in order to obtain the current imperviousness of each major 
tributary’s subbasin (see Figure 4).   
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Table 2.  Impervious Surface Coefficients. 
Land Use Impervious 

Surface  % 
Multifamily Residential  51.40 
Single Family Residential (under 4 
DU/acre) 

19.00 

Single Family Residential (over 4 
DU/acre) 

38.00 

Mobile Home 60.00 
Commercial 56.20 
Mixed Use (Commercial and Residential) 76.30 
Shopping Center / Mall 80.00 
Secondary / Neighborhood Services 88.00 
Institutional 28.00 
Office 65.90 
Industry 75.90 
Industrial Park 65.90 
Air Transportation 16.80 
Rail Transportation 52.90 
Road Transportation 52.90 
Communications 52.90 
Utilities 65.90 
Public 11.00 
Outdoor Recreation 10.90 
Cropland 2.00 
Nonforested Open 2.00 
Woodland 2.00 
Sand and gravel Pit 2.00 
Outdoor recreation 11.00 
Wetland 2.00 

 
The imperviousness of each subbasin generally matches the level of urbanization in the 
Watershed.  While the subbasins of the Watershed that remain rural and agricultural have 
lower imperviousness, those in the most urbanized areas of the Watershed fall into the 
“nonsupporting” category of over 25% imperviousness. Subbasins that have experienced 
low-to-moderate density suburban development (for instance, in Oakland County) fall 
into the impacted category of between 10 and 25% imperviousness. 



13 
Draft, 3/16/2004 

Figure 4. 1995 Imperviousness of Tributary Subbasins within the Huron River 
Watershed.  Source:  HRWC 
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Projected Imperviousness, based on master plans  
In order to assess how impending growth would affect imperviousness (and therefore 
water quality) in each subbasin, the Southeast Michigan Council of Governments 
(SEMCOG ) performed a build out analysis of the Huron River Watershed tributary 
subbasins based on the master plans for each community in the Watershed (SEMCOG, 
1994).  SEMCOG used GIS maps of each community’s master plan.  Imperviousness 
coefficients were assigned to each zoning code. This was then intersected with the 
subbasin map to give future imperviousness by subbasin (see Figure 5). 
 
The resulting map shows that, if future land use develops according to each community’s 
master plans, imperviousness in most of the tributary subbasins will increase in the 
future, with very few subbasins remaining in the sensitive category.  This was a very 
preliminary analysis, which did not take into account land already built (which, once 
built, would have the imperviousness of its current land use, and not necessarily its 
master plan-designated use), and did not take public lands out of consideration for future 
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development.  However, it serves as a useful gauge for a general picture of future 
development and impervious surface trends. 
 
Figure 5: Creeksheds and their Projected Imperviousness Based on Master Plans.  
Source:  HRWC. 
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III.  Existing and Future Imperviousness, and Imperviousness Capacities in 
the Subwatersheds in the Pilot Communities 
 
For this project, four pilot communities were chosen to measure imperviousness and 
planning and zoning options to preserve water quality.  Putnam Township and Green Oak 
Township in Livingston County and Northfield Township and Webster Township in 
Washtenaw County were selected (see Figure 6).  These communities were chosen 
because they have a positive working relationship with the Huron River Watershed 
Council, they face a range of development pressure and they are concerned about both 
environmental protection and road infrastructure issues.  Putnam and Webster reflect 
more of the counties’ rural nature while Northfield and Green Oak represent communities 
facing intense development pressure.   
 
Figure 6: Pilot Communities.  Source:  HRWC. 
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All four pilot communities eagerly agreed to participate and appointed representatives to 
the advisory committee. 
 
Key initial steps included: 

• Project staff researched the issue of impervious surface, its relationship to land 
use patterns and water quality, methods to determine imperviousness, and land 
use planning strategies to minimize imperviousness. 

• The Advisory Committee was formed with pilot communities and representatives 
from county and regional planning agencies. 

• Project staff collected data on land use, zoning, ordinances, parcels, and 
imperviousness in pilot communities in Livingston and Washtenaw Counties. 

 
Project staff decided to follow the methodologies developed by the Center for Watershed 
Protection, which involves determining the current and future imperviousness in 
subwatersheds within a community or region (Zielinski, 2002).  Since previous research 
established that the optimum size for the subwatersheds is around 10 square miles, 
project staff delineated watershed boundaries of approximately that size within the pilot 
communities.  These subwatersheds were then classified into the three categories 
described above (sensitive, impacted, or non-supporting), depending on their current and 
future imperviousness. 
 
Current imperviousness 
To determine current imperviousness of the subwatersheds in the pilot communities, 
project staff used land cover data obtained from the Southeast Michigan Council of 
Governments (SEMCOG), which was derived from interpretation of aerial photographs 
taken in 2000.  Since watershed boundaries do not follow municipal lines, land use data 
for the communities surrounding the pilot communities were also necessary.  As in the 
assessment of current imperviousness for the entire Watershed (described in the previous 
section), impervious surface coefficients developed by the Rouge Program Office 
(Kluitenberg, 1994) were used to relate imperviousness to each type of land use (see 
Table 2).  The land use/imperviousness map was then intersected with the subwatershed 
map, using GIS, in order to obtain the current imperviousness of each subwatershed (see 
Figure 7).   
 
The resulting impervious surface percentages for the pilot communities (which used 2000 
land use data), when compared to the watershed-wide analysis (which used 1995 land use 
data), shows that, while the subwatersheds in Northfield, Putnam, and Webster 
Townships remain under 10%, imperviousness in most of the subwatersheds in Green 
Oak Township have increased enough to push them from the “sensitive” category to the 
“impacted” category. 
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Figure 7. Pilot Subwatersheds and their Current Imperviousness.  Source: HRWC 
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Subwatershed classifications and impervious capacities 
Using the results of this analysis, project staff then performed a preliminary classification 
of the subwatersheds into the three categories stated above.  In order for a subwatershed 
to remain in this category, it must keep its imperviousness below a certain threshold 
percentage.  For a subwatershed in the sensitive category, this threshold is 10%.  For an 
“impacted” stream to keep from degrading into a “nonsupporting” stream, its 
imperviousness must remain below 25%.  Table 3 shows the remaining capacity, in both 
acres of impervious area, and percentage of imperviousness for any new development, of 
each subwatershed, in order to remain in its current category. 
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Table 3.  Subwatershed Categories and Remaining Imperviousness Capacity. 
 

A B C D E F G H I 

 
Subwater-
shed 

Current 
Imper-
vious-
ness % 

Current 
imper-
vious-
ness 
category 

Total area 
of 
subshed 

Acres 
build-
able  
land 
left 

Imper-
vious 
acres 
built in 
shed so 
far: 

Total 
Impervious-
ness 
capacity 1 

Additional 
impervious 
acres 
subshed 
can 
handle2: 

Remaining 
Impervious 
capacity 
(%)3: 

Arms#1 5.25 Sensitive 6801.12 4380.75 357.06 680.11 323.05 7.37 
Arms#2 4.65 Sensitive 2493.30 1951.89 115.94 249.33 133.39 6.83 
Arms#3 3.99 Sensitive 4191.92 3383.10 167.26 419.19 251.93 7.45 
Boyden 5.2 Sensitive 4731.53 3447.13 246.04 473.15 227.11 6.59 
Davis#1 16.51 Impacted 1905.79 713.44 314.65 476.45 161.80 22.68 
Davis#2 8.76 Sensitive 2714.21 1309.24 237.76 271.42 33.66 2.57 
Davis#3 17.14 Impacted 4117.90 1218.99 705.81 1029.47 323.67 26.55 
Davis#4 5.32 Sensitive 6959.65 4980.89 370.25 695.97 325.71 6.54 
Davis#5a 16.72 Impacted 6241.06 2388.43 1043.51 1560.27 516.76 21.64 
Davis#5b 7.74 Sensitive 5616.74 3431.73 434.74 561.67 126.94 3.70 
Hay#2 8.23 Sensitive 1901.08 978.46 156.46 190.11 33.65 3.44 
Honey 
(N)#1 6.93 Sensitive 4198.58 1333.77 290.96 419.86 128.90 9.66 
Honey 
(N)#2 9.27 Sensitive 2742.21 1339.40 254.20 274.22 20.02 1.49 
Honey 
(N)#3 4.99 Sensitive 4998.13 1995.61 249.41 499.81 250.41 12.55 
Honey 
(N)#4 5.47 Sensitive 2762.33 1679.62 151.10 276.23 125.13 7.45 
Honey 
(N)#5 4.53 Sensitive 2716.59 1087.80 123.06 271.66 148.60 13.66 
Horseshoe
#1 5.83 Sensitive 3464.62 2255.06 201.99 346.46 144.47 6.41 
Horseshoe
#2 8.58 Sensitive 4907.98 3055.89 421.10 490.80 69.69 2.28 
Horseshoe
#3 5.76 Sensitive 2332.31 1605.88 134.34 233.23 98.89 6.16 
Horseshoe
#4 4.46 Sensitive 2180.06 1565.21 97.23 218.01 120.78 7.72 
Portage#1 5.44 Sensitive 6852.95 1277.52 372.80 685.30 312.49 24.46 
River#10 9.1 Sensitive 7986.69 2826.61 726.79 798.67 71.88 2.54 
River#10a 7.21 Sensitive 1125.06 544.27 81.12 112.51 31.39 5.77 
River#11 17.31 Impacted 6621.65 2089.67 1146.21 1655.41 509.20 24.37 
River#12 9.68 Sensitive 878.47 250.57 85.04 87.85 2.81 1.12 
River#17 14.27 Impacted 10269.33 1689.67 1465.43 2567.33 1101.90 65.21* 
River#17a 15.59 Impacted 2422.77 506.83 377.71 605.69 227.98 44.98* 
River#17b 6.5 Sensitive 1172.70 7.56 76.23 117.27 41.04 543.13* 
River#8 8.97 Sensitive 1337.66 664.14 119.99 133.77 13.78 2.07 
River#9a 9.56 Sensitive 586.91 266.24 56.11 58.69 2.58 0.97 
River#9b 5.81 Sensitive 1188.69 568.24 69.06 118.87 49.81 8.76 
River#9c 7.62 Sensitive 1011.07 670.94 77.04 101.11 24.06 3.59 

1Total impervious acres subwatershed can accommodate before exceeding threshold imperviousness,          
G =D*threshold imperviousness/100. 
2Total imperviouness capacity minus the impervious acres built in the subwatershed so far, H = G – F. 
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3The remaining buildable land must be limited to this average imperviousness if the subwatershed’s total 
imperviousness is to remain below the threshold for its category, I = H/E *100 
*The remaining imperviousness capacity can be quite large, if the remaining buildable land is small 
(column  E), relative to the  potential impervious acreage (column  H). 
 
Interpreting imperviousness capacity results 
Table 3 provides an average imperviousness that development on the remaining buildable 
land in any subwatershed must be limited to if a community wishes to keep that 
subwatershed in its current category (whether it is sensitive or impacted).  This 
imperviousness limit, or capacity, can be interpreted several ways.  Figure 8 illustrates 
three different ways to visualize what this means for how the remaining land in a 
subwatershed can be developed.  Taking the Arms #3 subwatershed as an example from 
Table 3, it shows three different ways to develop the 251.93 additional impervious acres 
that subwatershed can handle and still remain in the sensitive category.   
 
It is important to note that this figure is for illustration purposes only.  It does not take 
into account commercial, industrial, or institutional land uses that would inevitably 
develop along with residences, which would increase imperviousness even more.  The 
populations that each example would allow illustrates that it is possible to accommodate 
population growth much more efficiently with properly placed high density development.  
When instituting actual planning and zoning decisions, communities will of course be 
taking many other factors besides imperviousness into account, and these factors will 
help determine the mix of lot sizes, development designs, development locations within 
any given subwatershed, and the population numbers the community will be planning for. 
 
 
 



21 
Draft, 3/16/2004 

Figure 8:  Three Illustrations of Imperviousness Capacity.  Source:  HRWC. 
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Projected imperviousness 
To determine imperviousness in each subwatershed that can be expected if the 
communities build out according to their zoning ordinances, project staff obtained GIS 
maps of each community’s zoning, as well as the zoning maps from surrounding 
communities.  Imperviousness coefficients were assigned to each zoning code, based 
both on the Rouge Program Office study (Kluitenberg, 1994) and studies relating 
imperviousness to various residential densities (see Table 4).  
 
Table 4.   Imperviousness Coefficients for Various Zoning Classifications. 
 

Land Use Density  
(Dwelling 

Units /acre) 

Minimum Lot 
size 

Impervious 
(%) 

Multi-family 
Townhouse 

>7 Not applicable 65a 

Mobile Homes NA Not applicable 60b 
Single Family 
Residential: 

5-7 Not applicable 50b 

 4 .25 38a 
 2 .5 25a 
 1 1 20a 
 0.5 2 12a 
 0.333 3 8c 
 0.2 5 5c 
 0.1 10 2.4c 

Industrial Not 
applicable 

Not applicable 72b 

Commercial/Office Not 
applicable 

Not applicable 56b 

aSource: USDA Soil Conservation Service (USDA, 1986) 
bSource:  Rouge Program Office, Detroit, Michigan (Kluitenberg, 1994) 
cSource:  Extrapolated from USDA Soil Conservation Service (USDA, 1986) 
 
Then, using GIS, the current imperviousness of land already built upon (taken from the 
2000 land use map) was overlaid on top of the zoning imperviousness map, so that the 
resulting map would show both the current imperviousness of land uses already 
developed and the projected imperviousness of the undeveloped land based on zoning.  
This map was then intersected with the subwatershed map to give future imperviousness 
by subwatershed (see Figure 9).  
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Figure 9.  Pilot Subwatersheds and their Future Imperviousness.  Source:  HRWC 
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Table 5 shows the projected imperviousness of each subwatershed, based on zoning, and 
the projected subwatershed category.  The Table also shows the number of new dwelling 
units that can be expected to be built in that subwatershed if the current zoning is 
realized. 
 
 
Table 5.  Projected Imperviousness Based on Zoning. 

Subwatershed 

Current 
Impervious-
ness % 

Impervious-
ness % 
based on 
zoning 

Current 
category 

Future category 
if zoning is 
realized 

Future 
category
change? 

Number of 
new 
dwelling 
units 
according to 
zoning 

Arms#1 5.25 11.75 Sensitive Impacted yes 2051.12 
Arms#2 4.65 13.13 Sensitive Impacted yes 975.92 
Arms#3 3.99 12.79 Sensitive Impacted yes 1690.75 
Boyden 5.2 10.22 Sensitive Impacted yes 1303.45 
Davis#1 16.51 22.65 Impacted Impacted yes 878.92 
Davis#2 8.76 18.03 Sensitive Impacted yes 1440.66 
Davis#3 17.14 22.53 Impacted Impacted  1127.38 
Davis#4 5.32 8.84 Sensitive sensitive  1434.42 
Davis#5a 16.72 25.09 Impacted Nonsupporting yes 2112.51 
Davis#5b 7.74 13.43 Sensitive Impacted yes 1551.71 
Hay#2 8.23 11.12 Sensitive Impacted yes 295.11 
Honey (N)#1 6.93 8.90 Sensitive sensitive  914.26 
Honey (N)#2 9.27 11.27 Sensitive Impacted yes 369.72 
Honey (N)#3 4.99 5.54 Sensitive sensitive  441.56 
Honey (N)#4 5.47 7.28 Sensitive sensitive  363.69 
Honey (N)#5 4.53 6.12 Sensitive sensitive  169.19 
Horseshoe#1 5.83 9.07 Sensitive sensitive  470.46 
Horseshoe#2 8.58 16.87 Sensitive Impacted yes 574.39 
Horseshoe#3 5.76 7.90 Sensitive sensitive  340.73 
Horseshoe#4 4.46 7.51 Sensitive sensitive  369.50 
Portage#1 5.44 5.58 Sensitive sensitive  450.54 
River#10 9.1 14.53 Sensitive Impacted yes 1759.98 
River#10a 7.21 12.85 Sensitive Impacted yes 301.89 
River#11 17.31 27.04 Impacted Nonsupporting yes 1677.40 
River#12 9.68 15.27 Sensitive Impacted yes 340.47 
River#17 14.27 15.87 Impacted Impacted  1514.98 
River#17a 15.59 17.14 Impacted Impacted  327.13 
River#17b 6.5 5.04 Sensitive sensitive  0.67 
River#8 8.97 12.12 Sensitive Impacted yes 157.07 
River#9a 9.56 13.55 Sensitive Impacted yes 138.42 
River#9b 5.81 9.48 Sensitive sensitive  294.01 
River#9c 7.62 14.97 Sensitive Impacted yes 361.79 
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A comparison of current and projected imperviousness for each community reveals the 
following major points: 
 
Putnam Township: 

• All of Putnam Township’s subwatersheds are currently sensitive. 
• Four out of nine subwatersheds will exceed the sensitive capacity and fall into the 

impacted category, if land is built as allowable by their zoning ordinance:  Hay#2, 
Honey (N)#2,  River #8 & #10. 

• The overcapacity in Hay #2 & River #10 is mostly due to higher density 
residential land use allowed in adjacent townships. 

• The remaining buildable land in Putnam Township is zoned for predominately 1 
dwelling unit (DU) per 10 acres, which is a major reason the majority of its 
subwatersheds will remain in the sensitive category. 

• The large areas of public land, which will not be developed in the foreseeable 
future, is the other major factor protecting Putnam Township’s subwatersheds. 

• The projected higher density zoning in and around the Village of Pinckney, which 
is located within Putnam Township, happens to be split between Honey #1 & #2 
and River #8.  The higher imperviousness created by this more urban density is 
spread out among those three subwatersheds. 

 
Green Oak Township: 

• Five out of the eleven subwatersheds in the Township are currently sensitive. 
• Three out of five sensitive subwatersheds will exceed capacity and fall into the 

impacted category if land is built as allowed by their zoning ordinance: Davis#2, 
Davis#5b, River#12. 

• Two out of six impacted subwatersheds will exceed capacity and fall into the 
nonsupporting category if land is built as allowed by their zoning ordinance: 
Davis#5a, River#11. 

• The zoning in the surrounding townships will have a large influence on the future 
imperviousness in several subwatersheds (eg. Davis #4, will stay sensitive 
because much of it is in Northfield Township, where it is zoned at 1 DU/5 acres) 

• The zoning of Green Oak Township’s remaining buildable land is a mix of higher 
and lower density residential, which is a major reason the imperviousness in many 
of its subwatersheds will increase enough to place them a more impacted 
category. 

• The subwatersheds in the impacted categories are in that category mainly due to 
land already developed as of 2000. 

 
Northfield Township 

• Eight out of the nine subwatersheds in the Township are currently sensitive. 
•  Four sensitive subwatersheds will exceed capacity and fall into the impacted 

category if land is built as allowable by their zoning ordinance:  Boyden, Davis#2, 
Davis#5b, and Horseshoe #2. 

• One impacted subwatershed will exceed capacity and fall into the nonsupporting 
category if land is built as allowable by their zoning ordinance: River #11. 
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• Impervious surface percentages in Boyden, River #11, and Davis #2 and #5b are 
all influenced by the zoning in the surrounding communities, whose higher 
density zoning categories push those subwatersheds into the more impacted 
category. 

• Northfield Township’s zoning in its remaining buildable land is predominately 1 
DU per 5 acres, which is a major reason many of its subwatersheds will remain in 
the sensitive category. 

• A large portion of Horseshoe #2 is zoned commercial/industrial, which is a major 
reason pushing it into the impacted category. 

 
Webster Township 

• All nine subwatersheds in the Township are currently sensitive. 
• All but one subwatershed will fall into the impacted category if land is built as 

allowed by their zoning ordinance. 
• Hamburg Township zoning influences River #10, but the other subwatersheds are 

mostly influenced by Webster Township zoning. 
• Webster Township’s zoning in its remaining buildable land is predominately 1 

DU per 2 acres, which is a major reason the imperviousness in most of its 
subwatersheds will increase enough to place them in the impacted category. 

 
Taken together, the comparison between current and projected impervious for the pilot 
communities reveals two major conclusions: 
 

1. Many of the subwatersheds in the pilot communities are influenced by zoning 
categories in surrounding townships and villages.  Watershed-based planning will 
need to include input or encourage cooperation from adjacent communities. 

2. As described in the first section of this paper, land built at or beyond a density of 
about 1 DU/2 acres will cause a crossing of the impervious threshold (10%) 
beyond which water quality begins to suffer.  In Putnam and Northfield 
Townships, the 1 DU/10 acres and 1 DU/5 acres zoning categories are keeping 
subwatersheds in the sensitive category.  In Webster Township, the 1 DU/2 acre 
zoning is causing its subwatersheds to exceed imperviousness capacity for the 
sensitive category (see Table 6). 

3. The analysis provides the projected imperviousness each subwatershed will 
experience if development occurs according the each community’s existing 
zoning ordinance.  Future development will push many subwatersheds in the pilot 
communities into the impacted category and some into the nonsupporting 
category, if that development occurs according to zoning ordinances in their 
current form. 
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Table 6.  Common Residential Densities that Relate to Impervious Capacity 
Land 
Classifi-
cation 

Dwelling units to be 
built on 640 acres 

%  
Imperviousness 

Maximum DUs 
per acre  

Sensitive 64 DU per 640 acres 2.4 1 DU per 10 acres 

  128 DU per 640 acres 5 1 DU to 5 acres 

  213 DU per 640 acres 8 1 DU to 3 acres 

Impacted 320 DU per 640 acres 12 1 DU per 2 acres 

  640 DU per 640 acres 20 1 DU to 1 acre 

Non-
Supporting 

1,548 DU per 640 acres 26 2.42 DU to 1 acre 

  2,752 DU per 640 acres 38 4.3 DU to 1 acre 

  5,120 DU per 640 acres 50 8 DU to 1 acre 

 
Community input for final classifications for subwatersheds 
At this point in the analysis, it is necessary for the communities to determine whether the 
resulting impervious in their watersheds predicted by local zoning is acceptable.  If a 
community wishes their streams to remain in a sensitive or impacted category, but their 
current zoning will push them into a more impacted category, then they will need to 
consider changes to their planning and zoning to reduce imperviousness.   
 
Also, while imperviousness is the main factor in determining whether a subwatershed 
falls into the sensitive, impacted, or nonsupporting category, communities can also take 
into account historical, political, geographical, and other factors.  For instance, while 
Horseshoe #2 falls into the “sensitive” category according to current imperviousness, 
existing zoning will place it into the “impacted” category.  Perhaps the community has 
planned for this area to be a town center or industrial zone.  In that case, the appropriate 
final category for Horseshoe #2 may be the nonsupporting category. Table 7 lists the 
subwatersheds, their current category, and the target imperviousness and category that 
will be decided with input from the communities. 
 
To help communities reach a final determination for subwatersheds that are borderline 
between two categories, the Center for Watershed Protection’s methodology recommends 
looking at the following criteria: 
 

• Reported presence of rare, threatened or endangered species in the aquatic 
community (e.g., freshwater mussels, fish, crayfish or amphibians). 

• Confirmed spawning of sensitive fish species. 
• Fair/good, good, or good to excellent macroinvertebrate scores. 
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• More than 65% of Ephemeroptera, Plecoptera, and Tricoptera (EPT) species 
present in macroinvertebrate scores. 

• No barriers impede movement of fish between the subwatershed and the 
mainstem. 

• Stream channels show little evidence of historic alteration (ditching, enclosure, 
tile drainage or channelization). 

• Water quality monitoring indicates no permit violations during dry weather. 
• Stream and floodplain remain connected and regularly interact. 
• Subwatershed drains to a downstream drinking water supply. 
• Stream channels are generally stable, as determined by the Rosgen level III 

analysis or a similar geomorphic analysis; stream habitat scores should rate at 
least fair-to-good. 

• Subwatershed contains documented rare, threatened and endangered plant or 
animal populations. 

• Wetlands, floodplains and/or beaver complexes make up more than ten percent of 
subwatershed area. 

• Designated conservation areas comprise more than ten percent of watershed area. 
• More than 50% of the riparian corridor has forest cover, and is either publicly 

owned or regulated. 
• Large contiguous forest tracts remain in the watershed, and more than 40% of 

watershed is in forest cover. 
• Significant fraction of subwatershed is in public ownership and management. 
• Stream buffers form a continuous network throughout subwatershed. 
• Subwatershed is connected to the watershed through a wide, undisturbed corridor 

that allows for wildlife access. 
• Farming, ranching and livestock operations in the watershed utilize best 

management practices. 
• Prior development in the subwatershed has utilized stormwater practices for both 

quality and quantity control. 
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Table 7.  Current, Projected, and Target Imperviousness. 
 

Subwatershed 

Current 
Impervious-
ness % 

Current 
category 

Imperviousness % if 
current zoning is 

realized 

Target 
impervious-
ness/category 

Arms#1 5.25 Sensitive 11.75 9%, sensitive? 
Arms#2 4.65 Sensitive 13.13  
Arms#3 3.99 Sensitive 12.79  
Boyden 5.2 Sensitive 10.22  
Davis#1 16.51 Impacted 22.65  
Davis#2 8.76 Sensitive 18.03  
Davis#3 17.14 Impacted 22.53  
Davis#4 5.32 Sensitive 8.84  
Davis#5a 16.72 Impacted 25.09  
Davis#5b 7.74 Sensitive 13.43  
Hay#2 8.23 Sensitive 11.12  
Honey (N)#1 6.93 Sensitive 8.90  
Honey (N)#2 9.27 Sensitive 11.27  
Honey (N)#3 4.99 Sensitive 5.54  
Honey (N)#4 5.47 Sensitive 7.28  
Honey (N)#5 4.53 Sensitive 6.12  
Horseshoe#1 5.83 Sensitive 9.07  
Horseshoe#2 8.58 Sensitive 16.87  
Horseshoe#3 5.76 Sensitive 7.90  
Horseshoe#4 4.46 Sensitive 7.51  
Portage#1 5.44 Sensitive 5.58  
River#10 9.1 Sensitive 14.53  
River#10a 7.21 Sensitive 12.85  
River#11 17.31 Impacted 27.04  
River#12 9.68 Sensitive 15.27  
River#17 14.27 Impacted 15.87  
River#17a 15.59 Impacted 17.14  
River#17b 6.5 Sensitive 5.04  
River#8 8.97 Sensitive 12.12  
River#9a 9.56 Sensitive 13.55  
River#9b 5.81 Sensitive 9.48  
River#9c 7.62 Sensitive 14.97  

Note: gray shading indicates that zoning is not compatible with current subwatershed category. 
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IV.  Protecting Water Quality by Reducing Future Impervious Surfaces 
 
Making the kind of decisions described in the last section requires a number of careful 
planning considerations.  The Center for Watershed Protection has prepared a model 
stream protection planning process for land use planning.  The first step is to determine 
the planning category that a community or region desires for each subwatershed (i.e. 
sensitive, impacted, or non-supporting).  Next is to decide what management strategies 
the community will follow for each subwatershed.  Appendix A details the Center’s 
recommended strategies for each category.  Appendix B is an overview of master plan 
and zoning ordinance provisions communities can consider to address imperviousness.  
Appendices C and D give detailed ordinance and master plan language recommended to 
the pilot communities by the Planning and Zoning Center, Inc. 
 
Planning applications 
As mentioned above, the best way to maintain high quality streams and keep 
imperviousness levels under the 10% threshold in any given watershed is to concentrate 
growth into higher density, compact neighborhoods and developments.  While this will of 
course increase imperviousness on a per-site basis, watershed-wide, imperviousness can 
be kept below 10%.  To do this, communities will need to encourage more intense 
development in some areas and discourage any but the lowest intensity development in 
others.  In some cases, communities may decide to encourage more development in 
watersheds that have already passed the 25% imperviousness threshold in order to 
preserve the watersheds that are still under 10% impervious.   
 

It is important to note that, while better site designs (buffers, stormwater BMPs, narrow 
roads, etc.) can reduce the impacts of individual development projects, the cumulative 
impact of too much development can still degrade water resources, no matter how well 
each site is designed (Jacob, 2002; U.S. EPA,Undated (b)). For instance, forested buffers 
may be able to maintain a subwatershed at a fair ecological rating, but not keep it at its 
original sensitive level (Blaha, 2002).  While many advances have been made recently in 
innovative stormwater management designs, their ability to maintain stream quality 
alone, without other management strategies, is limited. In fact, stormwater management 
practices designed or located improperly can sometimes cause more severe secondary 
environmental impacts than if they were not installed at all (U.S. EPA, Undated (b)).  
One study showed that streams with 50% or more of the impervious area within their 
watersheds receiving treatment from structural stormwater BMPs did not display any 
differences in biological or habitat quality from streams with no structural BMPs (Blaha, 
2002).  While BMPs are necessary to keep streams from degrading to poor quality, they 
alone will not maintain high levels of ecological integrity (Blaha, 2002; Nonpoint 
Education for Municipal Officials, 1997).   

 

Strategies to truly maintain the quality of streams in the sensitive category must 
emphasize protection of natural areas and limits on impervious surfaces.  This can only 
be accomplished by addressing the land use patterns with a watershed; it is not enough to 
address imperviousness on a per-site basis. 
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Regulatory/zoning applications 

The Center for Watershed Protection has divided up watershed-based strategies into 
seven components with planning, regulatory, and nonregulatory elements.  A note:  These 
components address the whole universe of watershed protection, while this white paper 
focuses on reducing imperviousness, which is a vital part of watershed protection 
planning.  In the interest of completeness, all of the components are listed below.  
However, this paper addresses in detail only those components that directly relate to 
imperviousness reduction.  For instance, component 7, “non-stormwater discharges,” will 
not be addressed in detail. 

 
1. Watershed planning.  Discussed in the section above, this is the single most important 
watershed management tool (Center for Watershed Protection, 1998c). Communities 
need to: 

• Decide on management categories for their subwatersheds. 
• Obtain consensus on the most important water resource goals for the 

subwatersheds. 
• Develop a future land use pattern for the subwatersheds. 
• Select land use planning techniques for each subwatersheds. 

 
2. Land conservation/protecting sensitive areas.  Forests, wetlands, and other natural 
areas provide natural treatment of stormwater runoff and allow the water cycle to 
function in its natural state (see Figures 1 and 2).  The main connection between low 
levels of imperviousness and healthy watersheds is that those watersheds still retain a 
great deal of open spaces and natural areas to intercept rain and snowmelt.  The best way 
to prevent the impacts of imperviousness is to protect as much pervious area as possible. 
 
Types of land that may need preservation: 

• Critical habitats for plant and animal communities 
• Aquatic corridors along waterways 
• Hydrologic reserve areas that sustain the water cycle (such as wellhead protection 

areas) 
• Water hazards that pose risks for potential pollution spills 
• Cultural sites important to our sense of place 

 
3. Establish aquatic buffers.  Buffers of natural areas around waterways provide those 
waterways with some measure of protection from stormwater runoff.  Vegetation in a 
buffer can intercept stormwater and filter pollutants before they reach the waterway.  
Buffers also absorb flood waters.  If buffers are wide enough, they serve as wildlife 
corridors. 
 
4. Better site design.  A great deal of imperviousness can be reduced by changing 
development design.  For instance, reducing a typical 32 foot wide road to 20 feet 
reduces pavement by 37.5%, which is about 1.5 acres per square mile (City of Olympia 
1994). For a typical 100 acre subdivision, this translates into an overall 6% reduction in 
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imperviousness.  Road lengths can be cut 50 – 75% by using clustered developments, and 
narrower road widths can reduce road surface area by 25 – 35%. Some site designs can 
reduce impervious surfaces by as much as 24 percent, cut stormwater runoff by 25 
percent, and reduce phosphorus output by 60 percent and nitrogen output by 45 percent 
— all while saving 20 percent in development costs. (Center for Watershed Protection, 
1998b).  Reducing roof area, the number of required parking spaces and parking space 
size in commercial and multifamily developments could result in significant reductions in 
imperviousness, as well (City of Olympia 1995). 
 
5. Erosion and sediment control.  The construction phase of development is perhaps the 
most destructive stage of development (Center of Watershed Protection 1998c).  It is vital 
for communities to enact and enforce strong ordinances that require proper control of 
exposed soils on construction sites. 
 
6. Stormwater best management practices (BMPs).  Much work has been done to develop 
“Best Management Practices” to mitigate the impacts of stormwater runoff from 
developed sites.  The proper installment of BMPs such as infiltration filters, constructed 
wetlands, and retention ponds can have an effect comparable to changing the 
imperviousness of a site.  For instance, if an area zoned for one acre lots (which would 
result in 20% imperviousness, if developed in the typical way) uses open space cluster 
design, it can reduce its imperviousness to 14%.  However, as mentioned previously, 
BMPs alone cannot provide enough treatment to keep a watershed’s water quality at the 
sensitive level. 
 
7. Non-stormwater discharges.  In some watersheds, non-stormwater discharges can 
contribute significant pollutant loads to waterbodies.  These include private septic 
systems, industrial NPDES discharges, illicit connections to storm drain systems, and 
spills. 
 
Communities who adopt the management strategies listed above can do much to change 
the projected impervious surface figures listed in Table 7.  The projected impervious 
surface percentages assume that development will occur at the densities allowed in the 
code, and that the development design will be of the conventional type, without low 
impact design, buffers, BMPs, or other management strategies mentioned in the above 
list.  Therefore, there is much room to change these future imperviousness figures if 
communities enact changes to their ordinances to reduce imperviousness, both by land 
use planning and by design standards. 
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Planning and Zoning Techniques for Addressing Impervious Surfaces 
 
Communities across the country have adopted planning policies and ordinances to 
address imperviousness.  Table 8 lists planning initiatives, zoning provisions, and 
nonregulatory measures (such as acquisition of land) that communities have adopted.  
The Table is organized by the watershed-based categories described previously.   
 
Table 8. Techniques for Reducing Imperviousness. 
 
1. Watershed Planning.   
Technique Description Utility Example 
Watershed-
based 
planning & 
zoning 

Use subwatershed 
boundaries as basis for 
planning 

Can be used to relocate 
development out of 
sensitive subwatersheds. 

Columbia, MO is adopting an ordinance 
that includes impervious cover caps based 
on watershed designation.  

Wake County, NC established impervious 
cover targets for subwatersheds based on 
categorizing them in “sensitive”, 
“impacted”, or “non-supporting.”  
(Correspondence, 2003) 

 
Overlay 
zoning 

Superimposes additional 
requirements on specific 
mapped areas 

Can require or allow 
protective site designs in 
specific areas. 

Some communities in Maine have an 
overlay zone limiting imperviousness to 
5%, where only 5-acre lot development is 
allowed.  Applied over small, very 
ecologically sensitive areas (Arnold & 
Gibbons, 1996). 
 
Homer, AK, has an overlay zone where 
imperviousness is limited to 4.6% 
(Correspondence, 2003) 

Impervious 
overlay 
zoning 

Specific overlay zoning that 
limits total imperviousness 
within mapped areas 

Can protect subwatershed at 
both watershed and site 
level 

Durham, NC requires different 
imperviousness limits in different areas of 
the City  (Warbach, 1998). 
 
Prince Georges County, MD limits 
imperviousness in different districts (5% 
in Open Space District to 30% in higher 
density residential district) (Warbach, 
1998). 
 
Lahonton Region (Lake Tahoe), CA 
limits imperviousness in different districts 
(ranging from 1 – 30%) based on their 
development capabilities (e.g. erosion 
hazard, proximity to stream, etc.). 
 
Raleigh, NC limits imperviousness to a 
range of 6 – 12% in primary and 
secondary “watershed protection areas.” 
 
New Castle County and the City of 
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Newark, DE have adopted Water 
Resource Protection Area (WRPA) 
ordinances. The WRPAs are overlay 
zoning districts that limit imperviousness 
of new development.  The impervious 
limit depends on the district, with more 
sensitive areas having as low as 10% 
limits.  The ordinance contains 
stormwater credits that allow increases in 
imperviousness if certain stormwater 
management techniques are employed. 
(Kauffman, et. al., 2000). 
 

Floating 
zones 

Applies special zoning 
district without specifying 
exact location 

Allows land owner to apply 
to special district 

Ann Arbor Township’s Open Space 
Preservation District 

Incentive 
zoning 

Provide incentives to 
encourage watershed-
friendly development 

Can encourage development 
within a particular 
subwatershed or protect 
open space in exchange for 
a density bonus. 

 

Performance 
zoning 

Specifies certain 
requirements within certain 
zoning districts 

Can require additional 
protections within certain 
subwatersheds. 

 

Conventional 
zoning 

Each zoning district is 
assigned an impervious 
surface limit. 

Does not require additional 
ordinance adoption, just a 
change in current zoning 
code. 

Lower Merion Township, MD ordinance 
puts imperviousness limits on each 
category of land use, although none of the 
limits are under 20%.  Sanibel, Florida, 
has districts ranging from 1% (in very 
sensitive vegetation areas) to 35% 
(multifamily). This may also encourage 
sprawl by encouraging leapfrog 
development (Warbach, 1998). 
 

Urban growth 
boundary/ 
public service 
area 

Establishes boundary within 
which development is 
encouraged, outside of 
which development is 
curtailed. 

Encourages the use of 
imperviousness more 
efficiently and can result in 
keeping impervious surface 
levels below 10% outside of 
urban area. 

Durham, NC has an Urban Growth Area, 
within which it allows each development 
to have higher imperviousness (up to 
24%), and outside of which it limits 
imperviousness (6 – 12%)(Warbach, 
1998). 

Large lot 
zoning 

Zones land at very low 
densities 

May decrease 
imperviousness on site-by-
site basis, but may have 
adverse impact on regional 
or watershed-wide 
imperviousness 

 

Transit 
Oriented 
Development 

Development is encouraged 
near transit nodes like bus 
stops or rail stations 

Reduces automobile-related 
imperviousness, places 
development in a compact, 
land-efficient design that 
reduces imperviousness 
regionally. 

 

Traditional 
Neighbor-
hood 

Uses traditional 
neighborhood designs, with 
small lots, short setbacks, 

Reduces automobile-related 
imperviousness, places 
development in a compact, 
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Development 
(“New 
Urbanism”) 

pedestrian-oriented design, 
etc. 

land-efficient design that 
reduces imperviousness 
regionally and per-person  

Infill/comm.-
unity 
redevelop-
ment 

Encourage new 
development and 
redevelopment within 
existing developed areas 

Effective in keeping 
regional imperviousness low 
by concentrating 
imperviousness in smaller 
areas. 

New Jersey is beginning a program that 
requires new developments to provide 
infiltration to predevelopment amounts, 
but development in urban areas is exempt 
(The Record, 2002).   

Capital 
improvements 
Planning 

Communities can use their 
capital improvements plans 
(in which the community 
decides where to fund 
expensive infrastructure like 
roads, sewers, and water 
lines) to funnel development 
to areas more suitable to 
growth. 

  

Transfer of 
development 
rights 

Transfers potential 
development from a 
“sending area” (sensitive 
subwatersheds) to a 
“receiving area” 
(nonsupporting 
subwatersheds) 

Use in conjunction with 
watershed-based zoning to 
preserve open spaces in 
sensitive sheds and 
encourage development in 
areas capable of 
accommodating increasing 
densities 

 

 
2. Protect Sensitive Areas.   
Technique Description Utility Example 
Land 
acquisition 

Land is bought outright by 
community or other entity 

 Washtenaw County natural areas 
program, funding by a millage 

Conservation 
easements 

Development restrictions 
are placed on portions of the 
property, usually 
environmentally sensitive 
areas like floodplains, 
wetlands, stream corridors, 
etc. 

Protects sensitive areas 
without having to purchase 
land outright. 

Washtenaw County natural areas 
program, funding by a millage 

Purchase of 
development 
rights 

Community or other entity 
purchases the development 
rights of a property (or 
portion of property), 
restricting use of property 
but allowing owner to 
maintain residential or 
recreational use. 

Protects sensitive areas or 
preserves farmland (which 
has very low 
imperviousness) without 
having to purchase land 
outright. 

Peninsular Township and Kent County 
have PDR ordinances and programs 
funded through millages. 

Regulate land 
alteration 

   

Setback from 
water 
pollution 
hazards 

   

Protection of 
open space in 
open space 
subdivisions 
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Landowner 
stewardship 

   

Public sector 
stewardship 

   

 
 
 
3. Establish Wide Forested Buffer.   
Technique Description Utility Example 
Setback and 
buffer 
requirements 

Development must be set 
back a certain distance from 
waterway, and a natural 
vegetative buffer strip must 
be maintained 

 Ann Arbor Township natural features 
setback ordinance 
 
New Jersey is beginning a program that a 
300 foot buffer on most waterways (The 
Record, 2002) 
 

 
4. Better site design.   
Technique Description Utility Example 
Open space 
residential 
subdivisions 

Houses are grouped onto 
smaller lots to preserve open 
space and reduce roads 
widths and lengths.  Density 
is kept the same as 
underlying zoning. 

Can reduce impervious 
surface by up to 10 – 50% 
30% and preserve between 
30 - 80% of the site as open 
space. 

Ann Arbor Township’s Open Space 
Preservation District 

Green parking 
lots 

Parking space size and 
required number of space is 
reduced to reduce 
impervious surface. 

Can significantly reduce 
impervious surface without 
inconveniencing workers, 
customers, and residents. 

Ann Arbor City’s or Township’s Parking 
Standards 

Flexible street 
widths 

Change codes to allow 
narrower roads to match 
actual road usage. 

Since roads make up 
majority of impervious 
surface, this can have 
profound impact on 
imperviousness. 

Ann Arbor Township’s Private Road 
Ordinance 

Rooftop 
runoff 
management 

Change codes to redirect 
rooftop runoff over pervious 
surfaces. 

This can decrease annual 
runoff volume from a site 
by up to 50% 

 

Combinations 
of the above 

  An ordinance from Highpoint, NC, gives 
points for development standards which 
reduce imperviousness levels.  
Development must receive certain score 
to be approved (HRWC). 
 
Santa Monica, CA requires developers to 
submit Urban Runoff Mitigation Plans 
that reduce projected runoff for each 
project by 20%(Warbach, 1998). 
 
Prince George’s County, MD requires 
development to mimic predevelopment 
hydrology through innovative site design 
(Warbach, 1998). 
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5. Erosion and sediment control 
Technique Description Utility Example 
Soil and 
Sedimentation 
Control 
Ordinance 

New developments must 
have an approved soil and 
sedimentation control plan.  
Often done at county level. 

 Washtenaw County Soil Erosion and 
Sedimentation Control Regulation. 

  
 
6. Treat Stormwater   
Technique Description Utility Example 
Stormwater 
Ordinance 

Ordinance requires a 
stormwater management 
plan and contains 
stormwater control criteria 
the plan must follow.  Also 
requires maintenance of the 
stormwater system. 

 Washtenaw or Livingston County Drain 
Office Stormwater Rules.  Many 
communities have adopted these rules, 
and Ann Arbor Township is developing 
an ordinance requiring plans. 
 
New Jersey is beginning a program that 
requires new developments to provide 
infiltration to predevelopment amounts, 
but development in urban areas is exempt 
(The Record, 2002).   

Stormwater 
utilities 

Some communities have 
adopted stormwater utility 
fees to fund stormwater 
treatment.  Often based on 
amount of impervious 
surface created. 

Provides incentive to reduce 
imperviousness in site 
design.  May also encourage 
sprawl, because developers 
may respond by buying 
larger parcels to build the 
same sized building in order 
to keep the imperviousness 
levels down.  This could be 
dealt with by waiving or 
reducing fees for infill 
development, or 
development that occurs in 
areas the community is 
targeting for development 
(Arnold & Gibbons, 1996; 
Minnesotans for an Energy-
Efficient Economy, 1999). 

Kansas City, Missouri, Kitsap County, 
Washington, throughout Florida, City of 
Ann Arbor. 

 
 
 



38 
Draft, 3/16/2004 

Figures, Tables and Appendices: 
 
Figure 1. The Water Cycle (Developed). 
Figure 2. The Water Cycle After Development. 
Figure 3. Dispersed Versus Concentrated Development at the Regional Scale. 
Figure 4. 1995 Imperviousness of Tributary Subbasins within the Huron River 
Watershed.   
Figure 5. and their Projected Imperviousness Based on Master Plans.   
Figure 6. Pilot Communities.   
Figure 7. Pilot Subwatersheds and their Current Imperviousness 
Figure 8. Three Illustrations of Imperviousness Capacity.   
Figure 9. Pilot Subwatersheds and their Future Imperviousness. 
 
Table 1. Percentage of Impervious Surface Devoted to Transportation in Various 
Land Uses.   
Table 2. Impervious Surface Coefficients. 
Table 3. Subwatershed Categories and Remaining Imperviousness Capacity. 
Table 4. Imperviousness Coefficients for Various Zoning Classifications. 
Table 5. Projected Imperviousness Based on Zoning. 
Table 6. Common Residential Densities that Relate to Impervious Capacity. 
Table 7. Current, Projected, and Target Imperviousness. 
Table 8. Techniques for Reducing Imperviousness. 
 
 
 
 
Appendix A. Templates for stream categories:  From Center for Watershed Protection 
(http://www.stormwatercenter.net/ - fact sheets – land planning – resource protection 
templates.)  
 
Appendix B. Addressing Imperviousness in Plans, Site Design and Land Use 
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Appendix A. Templates for stream categories
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Appendix B. Addressing Imperviousness in Plans, Site Design and Land Use 
Regulations. 
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Appendix C.  Sample Ordinance Language to Implement Impervious Surface and 
Gravel Road Capacity Limitations.   
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Appendix D.  Sample Plan Language to Provide the Basis for Implementation of 
Impervious Surface and Gravel Road Capacity Limitations.   

 
 


