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Executive Summary 
 
Impervious Cover (IC) can be defined as having two components: “the 
rooftops under which we live work, and shop, and the transport system 
(roads, driveways, and parking lots) that get us from place to place” 
(Schueler, 1994).  IC impacts stream ecosystems by increasing the proportion 
of stormwater runoff discharged from the watershed directly to the stream as 
compared with the proportion that infiltrates back into the ground or is 
detained in wetland systems.  Negative effects of increased runoff to streams 
include hydrologic, structural habitat, and water quality impacts. The Center 
for Watershed Protection has developed an “Impervious Cover Model” (ICM) 
which predicts the quality and character of a stream based on the 
percentage of IC in the watershed.  The ICM contains three categories: (0-
11% IC= Sensitive; 11-25% = Impacted; 25+% = Degraded) (Schueler, 1994).  
 
As part of the development of a watershed management plan for Phase 2 
stormwater regulations, an analysis was conducted to estimate the existing 
and potential future percentage of IC in the Paint Creek and Stony Creek 
subwatersheds.  Four tasks were undertaken: (1) catchments within the Paint 
Creek subwatershed were delineated to provide a closer look at the impact 
of IC on small watershed areas (2)the existing IC was estimated using Color 
Infrared Photography from the year 2000, (3) the potential future IC was 
estimated using community land use plans and estimated imperviousness 
coefficients associated with planned land uses, and (4) an alternative 
potential future IC was estimated, using IC reduction factors that may be 
gained by implementing “Better Site Design” practices.   
 
The existing IC in the Paint Creek in 2000 was estimated to be 6%, and in 
Stony Creek 7.25%, placing both in the “Sensitive” category of the ICM.  The 
IC was unevenly distributed within the subwatersheds, tending to 
concentrate along the commercial corridors and in more densely developed 
areas. Catchments within Paint Creek had imperviousness values as low as 
3% in the less developed areas and as high as 9% in more developed areas. 
 
The potential future IC of the Paint Creek was estimated to be 12% under 
conventional development techniques, pushing the watershed into the 
“Impacted” category of the ICM.  The potential future IC of the Stony Creek 
was estimated to be 11% under conventional development techniques, 
pushing the watershed into the “Impacted” category of the ICM.  The 
analysis demonstrated that “Better Site Design” measures could lower the 
potential future watershed IC to by 2-3%, with significant savings in some 
areas and catchments. 
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The following conclusions may be made based on this analysis: 
 

1. Overall, the Paint and Stony Creek Subwatersheds were “Sensitive” 
stream systems based on the ICM in the year 2000 (6% IC and 7.25% IC, 
respectively).  

 
2. Because of the uneven development pattern across the 

subwatersheds, some areas will remain “Sensitive” while others will 
become “Impacted”.  It is not expected that any areas will become 
“Non-supporting”. 

 
3. “Better Site Design” measures, while not significantly reducing IC for 

either subwatershed as a whole, have the potential to make significant 
reductions in IC in catchments and local areas. 
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Overview of Impervious Cover 
Impervious Cover (IC) derives from human development and has a 
variety of damaging effects on streams.  The Center for Watershed 
Protection has developed an “IC Model” (ICM) that can serve as a 
framework for watershed managers to use in evaluating the existing and 
potential future extent of stream degradation due to IC in the watershed.  

What is Impervious Cover? 
The following definition (Schueler, 1994) succinctly characterizes IC: 
 

“Impervious Cover represents the imprint of land development on 
the landscape. It is composed of two primary components: the 
rooftops under which we live, work and shop, and the transport 
system (roads, driveways, and parking lots) that we use to get from 
one roof to another.”  

How Does Impervious Cover Impact Stream Ecosystems? 
 
A preponderance of evidence has shown that the amount of IC in a 
watershed has a direct influence on the integrity of the hydrology, 
physical structure, water quality, and biology of the streams and rivers in 
that watershed (Center for Watershed Protection, 2003).  IC impacts 
stream ecosystems by increasing the volume of stormwater runoff discharged 
from the watershed to the stream.  Hydrologic impacts including disruption 
of natural water balance, increased flood peaks, increased stormwater 
runoff, more frequent flooding, increased bank full flows, and lower dry 
weather flow.  Structural habitat impacts include  stream widening & 
erosion, reduced fish passage, degradation of habitat structure, 
decreased channel stability, loss of pool-riffle structure, fragmentation of 
riparian tree canopy, and decreased substrate quality. Water quality 
impacts include increased stream temperature, pollutants, and risk of 
beach closure. 
 

The Impervious Cover Model (ICM) 
 
The IC Model (ICM) creates a framework that classifies the quality of 
streams and rivers based on the percentage of IC in their watersheds 
(Schueler, 1994).  The framework classifies streams as sensitive (0-11% IC), 
impacted (11-25% IC), and non-supporting (>25%) (Figure 1).  Each of 
these classifications represents a gradient tending toward increasing 
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levels of degradation as more IC is added to the watershed.  Specific 
signs of degradation are offered for each IC category (Table 1).  
 

 
Figure 1. The IC Model (Schueler, 1994) 

Table 1. Stream attributes according to the IC Model (Schueler, 1994) 

Sensitive Stream  Impacted Stream  Non-Supporting Stream  
0-10%  11-25%  >25%   

�High quality, stable flow 
regime 

� Signs of degradation, flow 
regime destabilizes  

�Low quality; stream is essentially a 
conduit for conveying stormwater  

�Stable channels are in 
stable equilibrium 

�Altered stream geometry  �Severely eroded and incised stream 
channel  

�Excellent habitat 
structure  

� Degraded physical habitat in 
the stream 

� Structure needed to sustain fish is 
diminished or eliminated 

�Excellent water quality  �Water quality degraded; 
contact recreation becomes 
an issue  

� Water contact recreation is no 
longer possible � 

�Diverse communities of 
both fish and aquatic 
insects  

� Many sensitive fish and 
aquatic insects disappearing 
from the stream 

� Stream cannot support any but the 
most tolerant of life forms  

�Do not experience 
frequent flooding 

�Flooding becomes a more 
serious problem  

�Flooding becomes a serious 
problem requiring drastic engineering 
solutions 
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Tasks of Analysis 
This analysis was conducted as a part of the development of a 
subwatershed management plan for the Stony and Paint Creek 
subwatersheds, both tributary to the Clinton River in Oakland County. The 
purpose of the analysis was to evaluate the existing and potential future 
IC in the subwatershed in order to understand existing conditions and 
potential future conditions as a basis for goal-setting.   
 
Four tasks were undertaken: 

Delineate catchments  
• This was accomplished within the Paint Creek Subwatershed 

(only a subwatershed-wide analysis was conducted for Stony 
Creek).  

Estimate Impervious Cover or the watersheds for year 2000  
• This was accomplished using Color-Infrared photography for 

the year 2000. A land use estimate method was used to 
estimate IC for areas of the Stony creek watershed in 
Macomb County. 

Estimate potential future Impervious Cover at “buildout”  
• This was accomplished using community master plans and a 

buildout assessment methodology. 

Estimate the extent of potential reductions in Impervious Cover 
• This was accomplished using strategies through 

implementation of “Better Site Design” (Center for Watershed 
Protection, 1998).  
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Methods 
Combinations of automated and manual GIS functions were used to 
delineate catchments and to develop estimates of existing and future IC. 

Catchment Delineation 
In order to report IC conditions with a level of detail useful for watershed 
planning, a sub-drainage area delineation was undertaken for Paint 
Creek using ESRI ArcHydro tools (Maidment, 2002) and a 20-foot resolution 
topography model.  This delineation resulted in the identification of 12 
sub-drainage areas, or catchments, within the Paint Creek subwatershed. 
A detailed technical instruction of the methodology utilized to create the 
delineation is available on the CD-ROM accompanying the Arc Hydro: 
GIS for Water Resources manual.  
 

 
Figure 2. Catchments in the Paint Creek Subwatershed. 

Existing Impervious Cover 
Existing IC was estimated using a semi-automated analysis of 2000 color-
infrared photography.  An algorithm was developed using ERDAS software 
to classify the photography into 4 categories: vegetative cover, 
nonvegetative cover, wetlands, and water.  Wetlands and water were 
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derived directly from stereo-compiled Oakland County GIS coverages.  In 
addition, buffered Oakland county road centerlines were used to “burn 
in” all roads. The nonvegetative class was then manually interpreted to 
segregate IC from bare soil.  Bare soil classes consisted of development 
sites, cultivated lands, and gravel pits.  IC areas consisted of paved areas 
and rooftops.   Gravel roads were included in the IC class. Pixel class 
summaries were generated for each catchment, and total acres of IC as 
well as percent of IC were generated.   
 
Because the CIR photography did not extend into Macomb County, 
SEMCOG 2000 land use was used to estimate IC in these communities.  
Estimates of percent IC for these land use classes were used to generate 
IC acres for each community. 

Potential Future Impervious Cover  
In order to generate estimates of IC percentages for Oakland County’s 
parcel-based land use model, pixel summaries for each land use 
classification over the entire geographic area were calculated.  These 
numbers were then used to calculate potential IC (Table 2).   
Table 2. 2001 Oakland County land use classes and associated % IC values 

Land Use Classification Estimated % IC 
Water 0 
Agricultural 1.1 
Vacant 2 
Recreation and Conservation 2.9 
Single Family, 10 acres or greater 3 
Single Family, 5 to 9.9 acres 5.4 
Single Family, 2.5 to 4.9 acres 7.9 
Extractive 9.6 
Transportation, Utility, and 
Communication 10.7 
Single Family, 1 to 2.4 acres 12.5 
Single Family, 14,000 to 43,559 sq. ft 23.6 
Public/Institutional 28 
Railroad ROW 30 
Single Family Units w/ one parent parcel 31.8 
Industrial 32.5 
Single Family, 8,000 to 13,999 sq. ft. 35 
Single Family, Less than 8,000 sq. ft. 41.6 
Multiple Family 42.8 
Mobile Home 46.1 
Road ROW 47.8 
Commercial/Office 52.2 
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Potential future land use was estimated by combining several datasets 
into one.  The datasets used for the Oakland County portion included 
Oakland County 2002 Land Use, Oakland County Composite Master Plan, 
and Oakland County Hydrography.  The datasets used for the Macomb 
portion included SEMCOG 2000 Land Use, Macomb County Composite 
Master Plan, and the National Wetlands Inventory. Each polygon in this 
combined dataset contained the following attributes: 
 

• Existing Land Use (based on Oakland/Macomb 2000/2001land use) 
• Future Land Use (the planned land use based on 

Oakland/Macomb Composite Master Plan) 
• Municipality (the community name) 
• Area (geographic area in square feet) 
• Buildable (a state denoting whether the land represented by the 

polygon can be built on 
 

The “Buildable” field contained the following possible values: 
 

1. Buildable – Areas that are not any of the below; developable areas 
2. Water – Land area classified as water by the OC Hydrography 
3. Wetland – Land area classified as “swamp/marsh” by the OC 

Hydrography 
4. Committed Land Use – Land areas in a use other than Single Family 

or Vacant, Agricultural, or Extractive* 
5. Built-out – Single family parcels that are developed to their fullest 

potential** 
 
*   Land areas that were in any use other than single family or vacant were 

assumed to remain in that use.   
 
** The “Built-out” areas were determined by manually selecting parcels by 

comparing the planned and existing parcel-size and by visually 
identifying parcels that almost certainly will not be split.   

 
To estimate total potential future IC, the future additional IC acres and the 
year 2000 IC acres were totaled for each catchment and the watershed.  
 

Incorporating Better Site Design Reduction Factors 
 
Potential reductions in IC were estimated by using reduction factors.  
These factors can be achieved through the use of “Better Site Design” 
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techniques (Better Site Design Handbook (1998).  The following reduction 
factors were used (Huron River Watershed Council, 1999): 
 

• Reduction of 20% for utilizing residential open-space development 
(attributed to reduced road length) 

• Reduction of 14% for utilizing road width reduction in residential 
development 

• Reduction of 20% for reduced parking in commercial and industrial 
development 
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Results  

Year 2000 Impervious Cover - Stony Creek 
The total watershed estimated IC for 2000 was 7.25%, which places the 
Stony Creek watershed within the “Sensitive” category of the ICM.  
Individual community estimates were also made ().   
 
Table 3. Year 2001 IC Estimates for Stony Creek Watershed Communities 

NAME Acres 
Year 2001 

% IC 
Year 2001 
IC Acres 

ADDISON TOWNSHIP 16570.1 5.0 835.5 
BRUCE TOWNSHIP 1308.1 27.0 353.2 
VILLAGE OF LAKE ORION 8.0 36.6 2.9 
VILLAGE OF LEONARD 455.5 8.0 36.3 
OAKLAND TOWNSHIP 13677.6 5.1 700.4 
ORION TOWNSHIP 742.9 19.3 143.5 
OXFORD TOWNSHIP 4461.7 9.7 433.5 
CITY OF ROCHESTER 621.5 22.9 142.5 
CITY OF ROCHESTER HILLS 1425.1 15.4 218.8 
SHELBY TOWNSHIP 26.6 11.3 3.0 

WASHINGTON TOWNSHIP 7916.3 7.0 554.1 

TOTAL FOR WATERSHED 47213.5 7.3 3423.8 
 
The highest individual community percentages of IC in the Stony Creek 
watershed were attributed to the Village of Lake Orion (36.6%), Bruce 
Township (27%), the City of Rochester (22.9%), and the City of Rochester 
Hills (15.4%). The lowest percentages of IC were attributed to Addison 
Township (5%) and Oakland Township (5.1 %), however these two 
communities also had the greatest amount of IC acreage, a byproduct of 
having the largest land area in the watershed.  Addison Township 
comprises 35 % of the watershed and had 835.5 acres of IC in 2001, while 
Oakland Township comprises 29% of the watershed and had 700.4 acres 
of IC in 2001. 
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Figure 3. % IC and IC Acres by Community for Stony Creek Watershed 
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Year 2000 Impervious Cover - Paint Creek 
The total watershed estimated IC for Paint Creek in the year 2000 was 6%, 
which places it within the “Sensitive” category of the ICM.  Individual 
catchment estimates were also made (Figure 3, Table 3).   
 

 
Figure 4. Paint Creek Subwatershed Catchment IC- Year 2000 

Impervious Cover Model 
Classifications

% IMPERVIOUS
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11-25%

25+%

Map Created on June 21, 2005
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Table 4. Year 2000 Landcover Estimates for Paint Creek Subwatershed Catchments 

Catchment Name % Impervious 
Upper Paint Creek West Branch 5.2 
Paint Creek Direct Drainage 7.6 
Sargent Creek 4.0 
Scenic Hollow 1.7 
Unnamed Tributary- Southern Oakland Township 6.0 
Bear Creek 3.1 
Silver Bell Creek 3.0 
Gallagher Creek 6.8 
Trout Creek 9.3 
Unnamed Tributary- Northern Oakland Township 4.8 
Trout Creek North Branch 7.1 
Upper Paint Creek East Branch 5.2 

 
Catchment IC ranged from 3% to 9.3%. Of the 12 catchments, all were 
classified as “Sensitive”.  Impervious surfaces are largely concentrated 
along road corridors and in higher density residential areas.  Trout Creek 
had the highest IC measured, and Silver Bell creek had he lowest.  
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Potential Future Development- Stony Creek 
 
Based on existing land use planning policy, the potential future IC 
percentage of the entire Stony Creek watershed was estimated to be 
12.5%, which places Stony Creek Watershed in the lower end of the 
“Impacted” category of the ICM.  Oakland Township has the greatest 
potential to add IC acres within the watershed, potentially adding 1,781 
additional acres of IC and bringing the Stony Creek watershed area of 
the township from 5.1% IC to 13.1% IC.  Other large estimated potential 
increases include Addison Township (adding 1,417 IC acres to bring the 
percentage from 5% to 8.6 %), Washington Township (adding 353 IC acres 
to bring the percentage from 7% to 11.5%), and the City of Rochester Hills 
(adding 139 IC acres to bring the percentage from 15.4 to 25.1).  
 
Estimated potential reductions in IC using “Better Site Design” methods did 
not drive the overall watershed percentage below 11%.  A savings of only 
1 % watershed wide was attained, reducing the watershed-wide IC from 
12.4% to 11.4%. 
 
 
Table 5. Year 2000 and Potential Future IC Estimates of Communities in the Stony Creek 
Watershed 

NAME Acres 
Year 2000 

%  IC 
Year 2000 IC 

Acres 

Potential 
Additional IC 
Acres (CD) 

Potential 
Future IC 

Acres (CD) 
Potential % IC 

Acres (CD) 

Potential 
Additional IC 
Acres (BSD) 

Potential 
Total IC 
Acres 
(BSD) 

Potential % 
IC (BSD) 

ADDISON TOWNSHIP 16570.1 5.0 835.5 581.7 1417.2 8.6 477.9 1313.5 7.9 

BRUCE TOWNSHIP 1308.1 27.0 353.2 58.7 411.9 31.5 47.0 400.2 30.6 

VILLAGE OF LAKE 
ORION 8.0 36.6 2.9 0.6 3.6 44.7 0.5 3.4 43.1 

VILLAGE OF LEONARD 455.5 8.0 36.3 52.7 89.0 19.5 42.2 78.5 17.2 

OAKLAND TOWNSHIP 13677.6 5.1 700.4 1086.8 1787.1 13.1 869.4 1569.8 11.5 

ORION TOWNSHIP 742.9 19.3 143.5 23.8 167.2 22.5 19.0 162.5 21.9 

OXFORD TOWNSHIP 4461.7 9.7 433.5 134.1 567.6 12.7 107.5 540.9 12.1 

CITY OF ROCHESTER 621.5 22.9 142.5 13.0 155.5 25.0 10.4 152.9 24.6 

CITY OF ROCHESTER 
HILLS 1425.1 15.4 218.8 139.2 358.0 25.1 111.5 330.3 23.2 

SHELBY TOWNSHIP 26.6 11.3 3.0 0.7 3.7 13.9 0.5 3.6 13.4 

WASHINGTON 
TOWNSHIP 7916.3 7.0 554.1 353.3 907.5 11.5 282.7 836.8 10.6 
TOTAL 47213.5 7.3 3423.8 2444.5 5868.4 12.4 1968.6 5392.4 11.4 

 CD = Conventional Development 
BSD = Better Site Design 
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Year 2000 and Potential Future Impervous Surface Using 
Conventional Development and Better Site Design
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Figure 5. Year 2000 and Potential Future % IC Estimates of Communities in the Stony Creek 
Watershed 

 

Potential Future Development- Paint Creek 
 
Based on the existing development status of land and community master 
plans, the potential future IC at buildout was mapped and summarized for 
each catchment and for the entire subwatershed for conventional site 
development and using Better Site Design, Figure 6.   Using conventional 
design, we expect the total subwatershed IC at buildout to reach 12%; 
with Better Site Design that may be reduced to 11%; placing the 
subwatershed in the lower end of the “Impacted: category of the ICM. 
 
Only 2 of the 12 catchments will remain in the “Sensitive” category of the 
ICM under either conventional or better site design scenarios; all others will 
enter the “Impacted” category to varying degrees. 
 
The highest % IC at buildout expected is in an unnamed tributary in 
northern Oakland Township (17.2%), Gallagher Creek (15.3%), and Trout 
Creek (14.7%). Potentially the greatest impacts of using Better Site Design 
will be in the unnamed tributary in northern Oakland Township (a 
reduction of 2.5%), in Bear Creek (a reduction of 2.1%), in Silver Bell Creek 
(a reduction of 1.9%),, and in Gallagher Creek(a reduction of 1.7%). 
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Figure 6. Future IC the Paint Creek Subwatershed (Conventional Development) 
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Figure 7. Future IC the Paint Creek Subwatershed (Better Site Design)
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Table 6. Year 2000 and Future IC in the Paint Creek Subwatershed 

Catchment 
Name 

% 
Impervious 

Buildout % 
Impervious 

(Conventional 
Development) 

Buildout % 
Impervious 
(Better Site 

Design) 

Change 
(Conventional 
Development) 

Change 
(Better 

Site 
Design) 

BSD 
Savings

Upper Paint 
Creek West 
Branch 5.2 8.8 8.1 3.6 2.9 0.7 
Paint Creek 
Direct Drainage 7.6 13.2 12.1 5.6 4.5 1.1 
Sargent Creek  4 6.3 5.8 2.3 1.8 0.5 
Scenic Hollow 1.7 3.5 3.1 1.8 1.4 0.4 
Unnamed 
Tributary- 
Southern 
Oakland 
Township 6 11.2 10.2 5.2 4.2 1 
Bear Creek 3.1 13.9 11.8 10.8 8.7 2.1 
Silver Bell Creek 3 12.9 11 9.9 8 1.9 
Gallagher Creek 6.8 15.3 13.6 8.5 6.8 1.7 
Trout Creek 9.3 14.7 13.6 5.4 4.3 1.1 
Unnamed 
Tributary- 
Northern 
Oakland 
Township 4.8 17.2 14.7 12.4 9.9 2.5 
Trout Creek 
North Branch 7.1 11.6 10.7 4.5 3.6 0.9 
Upper Paint 
Creek East 
Branch 5.2 13 11.5 7.8 6.3 1.5 
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Potential Errors in the Analysis 
 
The accuracy of the future IC estimates depends upon two factors; the 
accuracy of the IC estimates for each land class (discussed in the next 
section) and the accuracy of the methodology in estimating potential 
development areas.   

Potential Development Methodology 
 
Community master plan data was combined with wetlands and water 
features to remove “unbuildable” land areas.  The remaining land was 
then evaluated to determine if the land was in a “committed use” using 
GIS data sources.  Committed uses were generally parks and schools. 
Finally, the remaining land was evaluated to determine whether it was 
“built-out” to its fullest potential, thereby not likely to be developed.  Any 
error in the databases or manual or automated processing could affect 
the outcome of the analysis. Redevelopment was not considered in the 
analysis.   

Error in Estimating IC for Land Use Classes 
 
Because the master plan data was parcel specific, IC estimates were 
generated for each land use classification by generating average pixel 
summaries of imperviousness for each parcel in Oakland County’s parcel-
specific 2001 land use data.  The actual percentage of IC on any 
particular parcel within a land use classification may vary widely from the 
average value. This variation likely introduced error into the potential IC 
analysis; therefore the future imperviousness values represent average 
imperviousness conditions and should only be used as a general guide for 
projecting future conditions.   This analysis does not purport to make a 
highly accurate forecast of future conditions, but rather provides an 
indication of future trends. 
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Conclusions  
 
The following conclusions may be made based on this analysis: 
 

4. Overall, the Paint and Stony Creek Subwatersheds were “Sensitive” 
stream systems based on the ICM in the year 2000 (6% IC and 7.25% IC, 
respectively).  

 
5. Because of the uneven development pattern across the 

subwatersheds, some areas will remain “Sensitive” while others will 
become “Impacted”.  It is not expected that any areas will become 
“Non-supporting”. 

 
6. “Better Site Design” measures, while not significantly reducing IC for 

either subwatershed as a whole, have the potential to make significant 
reductions in IC in catchments and local areas. 
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