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CHAPTER 2 – CHARACTERIZING LAND USE DYNAMICS 

Introduction 

Watershed land use is the single most determining factor of aquatic ecosystem 

integrity.  As such, discerning the complexities of the biotic community structure and 

pollutant concentrations in Baird Creek first requires a detailed understanding of past, 

present, and future land use.  Not only is it important to determine which uses compose 

the watershed landscape, but also to quantify the rate of change over time.  Watersheds 

that are rapidly transitioning between uses frequently impose greater stresses on stream 

ecosystems as changes in hydrologic conditions outpace the ability of the stream to adjust 

(Schueler 1996).   

The intensity of urbanization within a watershed can be determined through land use 

analysis and quantification of percent impervious cover (Thornton et al. 1999).  As 

discussed in Chapter 1, several studies have directly linked increases in impervious 

surfaces to degradation of stream quality, with drastic declines in biotic diversity at 

coverage of only 10% of the watershed area.  Average percentages of impervious cover 

for various land uses have been established from national studies (Table 1.2); however, 

these figures should be verified for accuracy in describing regional or local conditions 

(Arnold and Gibbons 1996).  When possible, the impervious cover of the transportation 

network should be determined separately from parcels to avoid underestimation due to 

larger widths of collector and arterial streets (Schueler 1996). 

Most research on the impacts of land use and impervious cover has specifically 

targeted stabilized watersheds absent of active construction activities (Schueler 1996).  
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However, the period during development can drastically alter streams due to rapidly 

changing hydrology, construction site erosion, and soil compaction.  Documenting the 

amount of land under construction in the watershed may better explain stream conditions 

during and after urbanization (Booth 1991).  Although few studies have addressed the 

transition period, early research prior to mandated erosion control practices showed an 

increase in observed stream sediment concentrations from 2,000 ppm in agricultural 

watersheds to a range of 3,000 to 150,000 ppm in streams draining areas under 

construction (Wolman and Schick 1967).  A more recent study in the State of 

Washington by Nelson and Booth found that construction activities remained the highest 

sediment yielding land cover on a unit-area basis despite erosion control practices (2002).  

An evaluation of two construction sites less than five acres in size in Dane County, 

Wisconsin, also showed sediment loads ten times higher during active construction than 

before or after development (Owens et al. 2000). 

Development of the Baird Creek watershed within the Green Bay City limits is 

required to follow the City’s Stormwater Management and Subdivision and Platting 

Ordinances.  These ordinances set standards for maintaining pre-development hydrology, 

protecting water quality, and developing erosion control plans.  Despite the protections 

offered by the ordinances, stormwater management and erosion control practices are only 

effective if properly installed and maintained.  As indicated by the Baird Creek 

Watershed Stewardship Assessment, the City of Green Bay currently does not have 

enough available staff time to adequately conduct stormwater inspections of construction 

sites (Lake Michigan Forum 2004). 
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Several detention facilities have been constructed in the Baird Creek watershed 

during the past five years, including a large basin on the corner of Huron Road and Sitka 

Street.  However, land in the adjacent Christa McAuliffe Park Ravine tributary was 

developed before the stormwater ordinance took effect, and a large private pond 

displaced the only potential location for a City detention facility.  Therefore, stormwater 

flows unchecked into this tributary of the creek. 

This chapter presents the characterization of land use dynamics in the Baird Creek 

watershed between 2000 and 2005, and analyzes future land use as proposed by the City 

of Green Bay Smart Growth 2022 Plan.  Specific attention is given to estimating 

impervious cover and quantifying the area of the watershed actively under construction. 

Methodology 

Establishing Watershed Boundaries 

Two separate sources of watershed boundary GIS layers for the Baird Creek basin 

were acquired from the City of Green Bay Engineering Division of the Department of 

Public Works and the Brown County Planning Department.  On comparison of these data 

sources, it was noted that the boundary limits substantially differed from each other (Plate 

2.1).  On further analysis of aerial photography, USGS topographic maps, WDNR 

hydrology data, and City contour information, it was determined that the City watershed 

layer was more correct for the area located within the City limits (including subwatershed 

delineations), but the County layer more accurately depicted the boundary in the 
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Humboldt and Eaton Townships (Figure 1.1).  Using the above data sources for guidance, 

the City watershed boundary was corrected outside the city limits using ArcGIS 8.3 

software (ESRI, Inc. 2002).  This revised boundary layer was then divided into the North 

Branch, South Branch, and USGS Superior Road monitoring station watersheds based on 

Year 2000 aerial photography, USGS topographic maps, and City of Green Bay storm 

sewer layers.  Further delineation was conducted to determine the boundaries for the 

Christa McAuliffe Park Ravine and Huron-Sitka Detention Pond Ravine subwatersheds.  

The final map of Baird Creek subwatershed boundaries for the Year 2000 is shown in 

Plate 2.2. 

Once watershed boundaries were delineated for the Year 2000, these boundaries 

were examined to determine alterations caused by subsequent construction activities.  

Installation of storm sewers with new subdivision development significantly changed 

watershed boundaries in the Huron Road area, including those for the South Branch, the 

Christa McAuliffe Park Ravine subwatershed, and the Huron-Sitka Detention Pond 

Ravine subwatershed.  Affected boundaries were modified to more accurately depict 

2004 watershed limits using topographic data and the storm sewer GIS layer.  Plate 2.3 

displays the final 2004 Baird Creek subwatershed boundaries. 

Changes in Land Use 

Three procedures were used to quantify the rate of land use change within the Baird 

Creek watershed.  First, three vehicular “windshield surveys” were conducted in August 

2003, May 2004, and February 2005.  During these surveys, detailed parcel-by-parcel  
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Resources 2002).  For purposes of calculating impervious cover for the 2022 Smart 

Growth Plan, all areas zoned “Single Family Residential” were assumed to be platted as 

1/4 to 1/3-acre parcels, the average lot size calculated for existing urban residential 

development in the watershed.  Parcels for the proposed “Neotraditional Neighborhood” 

category were assumed to contain a mix of 15% commercial, 25% multi-family 

residential, and 60% single family residential uses. 

Results and Discussion 

Baird Creek watershed land use maps for 2000, 2004, and 2022 are displayed as 

Plates 2.4, 2.5, and 2.6, respectively.  Tables 2.3 through 2.8 show the percentage of 

various land uses represented in each subwatershed for 2000, 2003, 2004, 2005, and 

2022. 

As shown on Plate 2.5, the majority of development between 2000 and 2005 was 

located in the South Branch watershed and watershed of the main channel downstream of 

the confluence.  In the South Branch watershed, the total percentage of single family 

residential development increased by 1.2%, with an additional 3.1% under construction.  

Similarly, single family residential within the watershed below the confluence increased 

by 5.7%, with an additional 4.2% under construction in 2005.  By contrast, single family 

residential within the North Branch watershed increased by 0.4% between 2000 and 

2005, with only an additional 0.1% under construction in 2005.  Growth within the 

Christa McAuliffe Park Ravine subwatershed was especially dramatic, as single family 

residential land use increased from 2.3% to 23.6% of the watershed from 2000 to 2005,  
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* Assumes 2004 land use outside Green Bay City limits. 

Table 2.3.  Percentage of watershed land use for the Baird Creek USGS station in 2000, 
2003, 2004, 2005, and projected 2022.   

Land Use 2000         
Aerials

August       
2003*

May         
2004

February 
2005* 

2022 Smart 
Growth Plan*

Single Family Residential 7.4% 8.0% 8.0% 8.2% 13.7%
Single Family - Under Construction 0.1% 0.7% 0.8% 0.7% 0.0%
Two Family Residential 0.0% 0.1% 0.1% 0.1% 0.1%
Two Family - Under Construction 0.0% 0.0% 0.0% 0.0% 0.0%
Multi-Family Residential 0.1% 0.1% 0.1% 0.1% 1.7%
Multi-Family - Under Construction 0.0% 0.1% 0.1% 0.1% 0.0%
Residential - Mixed Use / Traditional 0.0% 0.0% 0.0% 0.0% 0.9%
Commercial 0.5% 0.5% 0.5% 0.5% 1.0%
Commercial - Under Construction 0.0% 0.0% 0.0% 0.0% 0.0%
Commerical - Business Park 0.0% 0.0% 0.0% 0.0% 1.6%
Industrial 0.1% 0.1% 0.1% 0.1% 0.1%
Roads 4.0% 4.2% 4.2% 4.2% 6.8%
Roads - Under Construction 0.0% 0.1% 0.2% 0.2% 0.0%
Railroad 0.3% 0.3% 0.3% 0.3% 0.3%
Utilities 0.0% 0.0% 0.0% 0.0% 0.0%
Institutional 0.2% 0.2% 0.2% 0.2% 0.6%
Parks and Recreation 2.7% 2.8% 2.8% 2.8% 4.8%
Fallow Fields / Derelict Property 1.3% 1.3% 1.3% 1.5% 0.9%
Agriculture 65.5% 64.0% 63.7% 63.5% 53.5%
Water Features 0.1% 0.1% 0.1% 0.1% 0.1%
Woodlands and Wetlands 9.2% 9.2% 9.2% 9.2% 6.7%
Undeveloped Open Space 8.2% 8.2% 8.2% 8.2% 7.1%
Disturbed Open Space (Unplatted) 0.0% 0.0% 0.1% 0.0% 0.0%

Total Area (hectare) 5450.9 5449.5 5449.5 5449.5 5449.5
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with an additional 8.1% under construction.  Over this same time period, agricultural land 

use in the subwatershed disappeared, despite making up almost half the land area in 2000. 

The North Branch watershed remained in primarily agricultural land use in 2005,          

6.1 hectares of which was used for animal husbandry.  These feedlots may be substantial 

sources of phosphorus exported from the watershed.  Seasonal differences in phosphorus 

export may also be due to large wetland complexes in the headwaters of both the North 

and South Branches of Baird Creek.  According to a study conducted on wetlands 

draining agricultural areas in east-central Illinois, decomposition of standing litter in 

wetlands resulted in export of organic phosphorus during the winter and early spring 

when vegetation was dormant, while phosphorus was removed from inflowing water 

during the growing season (Kovacic et al. 2000). 

Under the projections of the Green Bay Smart Growth 2022 Plan, urban land uses 

will grow to a substantial proportion of the Baird Creek watershed over the next 15 years.  

Above the USGS Station at Superior Road, the total watershed area in urban land uses 

(excluding parks and recreation) will increase from 12.4% of the watershed in 2000 to 

26.5% in 2022.  In the North Branch watershed, urban uses will expand from 12.7% in 

2000 to 18.5% in 2022.  However, urbanization will be most intense in the South Branch 

watershed, which shows an increase from 14.3% to 62.5% in urban land uses over the 

next 15 years. 

The amount of land under active construction was recorded for each subwatershed 

(Table 2.9).  Construction activities increased in every watershed except the North 

Branch over the study period.  The annual rate of land use change in 2003 to 2005 was 

approximately 1% for the entire watershed upstream of the USGS Station, 4% for the 
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South Branch, and 0.1% for the North Branch.  The highest amounts of construction 

during the 2004 water quality study were in the Christa McAuliffe Park and Huron-Sitka 

Detention Basin Ravine watersheds, where approximately 20% of the landscape was 

disturbed. 

Results characterizing the percent impervious cover for each subwatershed of Baird 

Creek are listed in Table 2.10.  The amount of impervious surfacing increased in all the 

watersheds from 2000 to 2005, except the North Branch which remained steady at 5.4 to 

5.5% of total land area.  As of February 2005, both the Christa McAuliffe Park Ravine 

and Huron-Sitka Detention Basin Ravine tributaries exceeded the 10% impervious cover 

Watershed 2000         
Aerials

August       
2003

May         
2004

February 
2005

USGS Station at Superior Road 0.2% 1.0% 1.2% 1.0%
North Branch 0.1% 0.1% 0.1% 0.1%
South Branch 0.2% 3.9% 4.5% 4.3%
Main channel below confluence 1.6% 7.6% 9.7% 7.5%
Christa McAuliffe Park Ravine 5.8% 18.1% 20.4% 13.8%
Huron-Sitka Detention Basin Ravine 0.7% 19.3% 22.4% 18.3%

Table 2.9.  Percentage of each watershed under active construction, 2000-2005.

Watershed 2000         
Aerials

August       
2003

May         
2004

February 
2005

2022 Smart 
Growth Plan

USGS Station at Superior Road 5.6% 6.1% 6.1% 6.1% 11.8%
North Branch 5.4% 5.5% 5.5% 5.5% 8.0%
South Branch 6.8% 8.1% 8.2% 8.2% 29.5%
Main Channel Below Confluence 5.6% 10.3% 11.0% 11.1% 24.6%
Christa McAuliffe Park Ravine 5.6% 18.2% 19.8% 20.0% 24.5%
Huron-Sitka Detention Basin Ravine 11.3% 17.1% 17.8% 17.9% 30.2%

Table 2.10.   Estimated percentage of impervious cover in each subwatershed of Baird 
Creek.  Note:  2022 impervious cover estimates assume 2004 land use 
outside the Green Bay City limits.   
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threshold for stream degradation established by previous research, with 20.0% and 17.9% 

cover, respectively.  Looking ahead to the projections of the City of Green Bay 2022 

Smart Growth Plan, every watershed except the North Branch is predicted to exceed the 

10% impervious cover threshold, including 11.8% for the main channel of Baird Creek at 

the USGS Station on Superior Road.  Considering that these estimates assume 2004 land 

use outside the City limits of Green Bay, the North Branch could also rise from the 

predicted 8.0% cover to above 10% with development in Humboldt or Eaton townships.  

However, much of the impervious cover within the North Branch watershed is 

disconnected by open ditches and wetlands, as opposed to the storm sewer networks of 

the other subwatersheds.  Therefore, the impacts of this impervious cover may not 

conform to the 10% degradation threshold.  

Conclusions 

The Baird Creek watershed is rapidly transitioning from primarily agricultural to 

urban land use.  By 2022, over 25% of the watershed upstream of Superior Road and over 

60% of the South Branch watershed will be in urban development.  As of 2005, the 

majority of the urbanization has occurred in the South Branch and the watershed 

downstream of the confluence.  The rate of land use change within the entire USGS 

Station watershed was approximately 1% under construction per year from 2003 to 2005.  

The North Branch and South Branch watersheds experienced 0.1% and 4% annual rates 

of construction, respectively.   
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According to established research, the rapid land use change indicates that Baird 

Creek is a watershed in peril.  Several studies have shown that as impervious cover 

increases above 10% of the watershed area, streams begin to show signs of stress; when 

impervious cover exceeds 25%, streams become highly unstable and non-supporting of 

aquatic life (Schueler and Holland 2000a).  Under these guidelines, the Christa McAuliffe 

Park Ravine and Huron-Sitka Detention Basin Ravine watersheds are already 

approaching the “non-supporting” designation at 20.0% and 17.9% cover in February 

2005, respectively.  The results for impervious cover under the Green Bay Smart Growth 

Plan show that not only will these two tributaries fall into this classification, but the 

South Branch will also reach 29.5% imperviousness by 2022.   

 Protecting the aquatic ecosystem of Baird Creek under changing land use will 

require addressing the design of impervious surfaces within the watershed.  Research 

suggests that rewriting municipal subdivision ordinances to specify lot size, frontage, and 

setback maximums instead of minimums could reduce the overall amount of 

imperviousness and its effects on stream ecology.  For example, reducing lot size from 1-

acre to ½-acre parcels, lot frontage from 70-feet to 50-feet, and front setback from 40-feet 

to 25-feet decreases the impervious cover in residential neighborhoods by 30% (Stone 

2004).  Street design is also crucial, as blanket design criteria under many ordinances 

result in travel lanes which are the same width as on interstate highways and on-street 

parking that provides as many as 4.5 to 6.5 parking spaces per residence (Prince George’s 

County Maryland 1999).  Eliminating underutilized parking spaces on one side of the 

street can reduce overall impervious by as much as 25%.  Opportunities also exist to 

decrease a watershed’s effective impervious area by disconnecting rooftops and parking 
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lots with rain gardens and other methods of depressional storage.  Including design 

techniques such as these in future developments could lessen the impacts of the proposed 

2022 Smart Growth Plan on Baird Creek. 


