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To: Marvin Hora, Minnesota Pollution Control Agency 

Mark Tomasek, Minnesota Pollution Control Agency 

Doug Hall, Minnesota Pollution Control Agency 

From: Jeffrey Lee and Keith Pilgrim 

Subject: Detailed Assessment of Phosphorus Sources to Minnesota Watersheds – Urban 
Runoff  

Date: December 22, 2003 

Project: 23/62-853 URBN 008 

c: Greg Wilson 

Henry Runke     
 

The purpose of this memorandum is to provide a discussion of urban land use runoff as a source of 
phosphorus to Minnesota watersheds.  This discussion is based on a review of the available literature, 
monitoring data and the results of phosphorus loading computations done for each of Minnesota’s 
major watershed basins as part of this study.  This memorandum is intended to: 

• Provide an overview and introduction to this source of phosphorus 
• Describe the results of the literature search and review of available monitoring data 
• Discuss the characteristics of each watershed basin as it pertains to this source of phosphorus 
• Describe the methodology used to complete the phosphorus loading computations and 

assessments for this study 
• Discuss the results of the phosphorus loading computations and assessments 
• Discuss the uncertainty of the phosphorus loading computations and assessment 
• Provide recommendations for future refinements to phosphorus loading estimates and 

methods for reducing error terms 
• Provide recommendations for lowering phosphorus export from this source 

 

Technical Memorandum 
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Overview and Introduction to Urban Runoff Sources of Phosphorus 

The conversion of land areas to urban land uses leads to changes in watershed hydrology and 

pollutant load rates.  The areal increase in impervious surfaces in urban areas over undeveloped rural 

and natural land uses leads to greater surface water runoff volumes.  The increased runoff coupled 

with human activities increases the types of pollutants and delivery rate of these pollutants to surface 

waters.  The impacts of the increased runoff volumes and pollutant mass to downstream waters often 

leads to declines in water quality and ecological function. 

 

Urban land uses have higher percentages of impervious surfaces than natural land cover.  The road 

and street infrastructure, parking lots and buildings all increase the area of hard surfaces.  These 

impermeable surfaces shed water as surface runoff, lowering the infiltration and evapotranspiration 

components of the hydrologic cycle.  Up to 90% of the annual precipitation may become surface 

runoff in high density urban environments (Center for Watershed Protection, 2003). This water is 

generally directed to storm sewers and other conveyance systems to rapidly move the large volumes 

to receiving waters and prevent flooding. 

 

The intense human use in urban watersheds leads to a larger range of pollutants and large quantities 

of these pollutants when compared to natural vegetative land cover.  Human activities related to 

automobiles, industrial uses, and the prevalence of turf grass as a groundcover provides a ready 

supply of pollutants.  The storm water conveyance systems promote the rapid movement of water to 

receiving waters, increasing the efficiency of runoff water at entraining and removing pollutants from 

the landscape.  The result is that urban landscapes generate a larger volume of surface runoff that 

transports a larger load of pollutants compared to pre-development conditions.  This increase in 

runoff volumes reduces the infiltration volume and thus reduces stream base flows and shallow 

groundwater levels. 

 

This resulting urban stormwater runoff channels large quantities of pollutants and water to lakes, 

streams and wetlands where the impact on ecological function is nearly always negative.  The 

increased loading of nutrients, especially phosphorus, leads to eutrophication of lakes and wetlands, 

as well as stream systems.  The resulting eutrophication leads to increased algal growth, decreased 

water clarity and loss of recreational uses, as well as human health concerns, increased periphyton 
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growth and increased treatment costs for industrial uses of water.  Remediation of the resulting water 

quality problems is costly and many times may not fully restore water to the pre-impacted conditions. 

Results of Literature Search and Review of Available Monitoring Data 

Initially, the literature review efforts attempted to document urban runoff studies within each of the 

basins in Minnesota, but it became readily apparent that the quality and quantity of the data available 

was insufficient for the use of quantifying basin-specific data for this assessment.  See Table 1 for a 

listing and summary of the initial 31 data sets reviewed for this assessment.  The need to quantify 

phosphorus loadings across basins with regard to three different hydrologic conditions (low, average 

and high flow conditions) required that a method be developed to model phosphorus loadings with 

regard to land use and hydrologic conditions. The scientific literature was thus reviewed to determine 

the hydrologic regimes, nutrient cycling mechanisms and phosphorus loading factors for each of the 

land use categories included in the Urban Runoff category.  Phosphorus monitoring results for urban 

watersheds, the hydrologic and nutrient export relationships related to the urban land uses, runoff 

modeling techniques, and methods for assessing variability in stormwater modeling results were the 

main areas of investigation of the review.   

Stormwater Runoff Monitoring 

The variability in storm water runoff data is inherent in studies of this type, and storm water runoff data 

should always be subject to scrutiny to insure that the variability is not beyond the expected range.  One 

recurring point noted during this review of the literature was agreement by all authors that runoff data is 

log-normally distributed and highly variable (Bannerman, 1983).  In an attempt to determine the range of 

phosphorus concentrations in urban runoff, we reviewed summary data provided by investigators and 

wherever possible examined the site specific data from previous or ongoing monitoring studies.  The 

monitoring data presented in Table 1 is a combination of flow-weighted mean concentrations, event mean 

concentrations, expressed as median geometric mean or arithmetic mean.  The inconsistency in data 

reporting limited the use of many of the data sets found during the literature review process.   

 

From all of the available published and unpublished urban runoff total phosphorus data that were 

assessed in the development of estimates of phosphorus concentrations in urban storm water runoff, 

only a limited number of data sets were used.  The elimination of data from consideration was based 

upon information from various investigators related to bias and accuracy of load estimates (Schwartz 

and Naiman, 1999; Marsalek, 1991; Marsalek, 1990). Schwartz and Naiman (1999) reviewed the 
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Location Concentration Source of data Notes:
Nokomis/Hiawatha watersheds

Hiawatha watersheds - 1996 0.510 Wenck/MCWD, 1998  

Minnehaha Creek 1997 Wenck/MCWD, 1998
Storm event flows 0.380 [average] of overflows from MC to L.Nokomis following rain events
Storm event flows 0.690  July 1, 1997 storm

Minneapolis NPDES report (92 only) City of Minneapolis, 1992
Ave. EMC w/o Jimmy's 0.417

White Bear Lake storm sewer FWMC 0.242 Schuler, 1998 arithmetic mean of annual FWMC for 12 years (1985-96)

Metropolitan Area 208 Study 0.560 Oberts, 1983 median flow-weighted mean concentration

Plymouth, MN 0.258 Barten, 1994 5 samples - July - Oct 1993

TCMA - NURP site data USGS, 1982 (from Brach, 1989) mean FWMC values
Yates watershed 0.630
Iverson watershed 0.620

Wisconsin storm-sewer samples 0.290 Bannerman et al , 1996 EMC median; n=204
0.450 EMC mean; n=204

Madison, WI Bannerman, et al,  1992 storm sewer outfalls - urban areas
geometric mean 0.660 cv = 0.70
arithmetic mean 0.860 cv = 0.70

Michigan NPDES residential sites 0.380 Cave and Roesner, 1994 mean EMC 1992-93; n=34

Marquette, MI 0.290 Steuer et al , 1997 geometric mean

Minneapolis/St. Paul NPDES Monitoring
Lake Harriet Parkway at W. 44th St., Minneapolis,MN0.541 MPRB 2002. May-October 2001
Luella St. at Orange Ave, St. Paul, MN 0.652 May-October 2001
Vandalia St.-350 feet south of Capp Rd.,St. Paul, MN 0.255 May-October 2001
Charles Ave-Mackubin to Arundel St., St. Paul, MN 0.377 May-October 2001
E. 29th St. at 31st Ave. S., Minneapolis, MN 0.525 May-October 2001

Souix Falls SD Niehus, 1997
Site 1, Sioux Falls, SD 0.217 June 1995-July 1996
Site 2, Sioux Falls, SD 0.613 June 1995-July 1996
Site 3, Sioux Falls, SD 0.114 June 1995-July 1996

Fish Lake Watershed - Eagan MN City of Eagan, 1995
I-2 inlet to Fish Lake Watershed, Eagan, MN 0.235 All Year 1993
I-3, Eagan, Fish Lake Watershed, MN 0.371 All Year 1993

Lake Harriet watershed, Minneapolis MPRB unpublished
Lake Harriet Parkway at W. 44th St., Minneapolis, MN0.934 April-October 1995
Lake Harriet Parkway at W. 44th St., Minneapolis, MN0.635 June-November 1996
Lake Harriet Parkway at W. 44th St., Minneapolis, MN0.466 June-August 1997
Lake Harriet Parkway at W. 44th St., Minneapolis, MN0.366 May-October 2002

Minneapolis/St. Paul NPDES Monitoring MPRB 2003a
Luella St. at Orange Ave, St. Paul, MN 0.344 May-October 2002
Vandalia St.-350 feet south of Capp Rd.,St. Paul, MN 0.278 May-October 2002
Charles Ave-Mackubin to Arundel St., St. Paul, MN 0.391 May-October 2002
E. 29th St. at 31st Ave. S., St. Paul, MN 0.305 May-October 2002

Tanners Lake Watershed, Maplewood, MN Barr 1993
G1AB, Tanners Lake Watershed, Maplewood, MN 0.240 All Year 1989
G4A, Tanners Lake Watershed, Maplewood, MN 0.410 All Year 1989
G3, Tanners Lake Watershed, Maplewood, MN 0.340 All Year 1989

Minneapolis Chain of Lakes CWP project Barr 1992
LH1, Lake Harriet, Minneapolis, MN 0.224 April-October 1990-1991
LH8, Lake Harriet, Minneapolis, MN 0.213 April-October 1990-1991
LC15, Lake Calhoun, Minneapolis, MN 0.211 April-October 1990-1991
LC17, Lake Calhoun, Minneapolis,MN 0.179 April-October 1990-1991
LC20, Lake Calhoun, Minneapolis, MN 0.255 April-October 1990-1991
LC22, Lake Calhoun, Minneapolis, MN 0.224 April-October 1990-1991
LC26, Lake Calhoun, Minneapolis, MN 0.230 April-October 1990-1991
LI31, Lake of the Isles, Minneapolis, MN 0.232 April-October 1990-1991
CD36, Cedar Lake, Minneapolis, MN 0.211 April-October 1990-1991
CD37, Cedar Lake, Minneapolis, MN 0.173 April-October 1990-1991

TCMA golf course study Barten 1995
Baker Golf Course, Minneapolis, MN 0.479 April-October 1994
Meadowbrook Golf Course, Minneapolis, MN 0.892 April-October 1994
Woodhill Golf Course, Minneapolis, MN 0.476 April-October 1994

Plymouth MN TRPD unpublished
Three Rivers Park District 0.341 July-November 2001
Three Rivers Park District 0.195 April-October 2002
Three Rivers Park District 0.377 July-November 2001
Three Rivers Park District 0.254 April-October 2002
Three Rivers Park District 0.244 July-November 2001
Three Rivers Park District 0.219 April-October 2002
Three Rivers Park District 0.213 July-November 2001
Three Rivers Park District 0.249 April-October 2002
Three Rivers Park District 0.329 July-November 2001
Three Rivers Park District 0.290 April-October 2002

Tanners Lake Watershed, Maplewood, MN Barr 2003
G1AB Inlet (Dennys) to Tanners Lake, Oakdale, MN 0.232 May-September 2002
G4A Inlet (Glenbrook) to Tanners Lake, Maplewood, MN0.308 May-September 2002
G3 Inlet to Tanners Lake, Maplewood, MN 0.202 May-September 2002

Superior, WI USGS 1996
Urban Undeveloped Lot, Superior, WI 0.065 May-September 1996
Urban Undeveloped Lot, Superior, WI 0.115 July-September 1995
Golf Course, Superior, WI 0.247 June-October 1996

Madison WI Waschbusch, etal 1999
Monroe Neighborhood, Madison, WI 0.640 May-October 1994
Harper Neighborhood, Madison, WI 0.930 June-October 1995

Woodbury MN RWMWD unpublished 
PFS Study Site, East Pond, Woodbury, MN 0.398 May-September 2001
PFS Study Site, East Pond, Woodbury, MN 0.332 May-September 2002
PFS Study Site, West Pond, Woodbury, MN 0.446 May-September 2001
PFS Study Site, West Pond, Woodbury, MN 0.322 May-September 2002

Minneapolis/St. Paul NPDES Monitoring MPRB unpublished
Lake Harriet Parkway at W. 44th St., Minneapolis, MN0.588 March-September 2003
Luella St. at Orange Ave, St. Paul, MN 0.539 May-September 2003
Vandalia St.-350 feet south of Capp Rd.,St. Paul, MN 0.296 May-September 2003
Charles Ave-Mackubin to Arundel St., St. Paul, MN 0.426 May-September 2003

St. Paul MN Ramsey County Public Works, unpublished
Como Lake Rain Water Garden, St. Paul, MN 0.253 April-September 2002

Hennepin County
Storm Sewer at Torah School, St. Louis Park, MN 0.930 July-November 1989
Storm Sewer at Torah School, St. Louis Park, MN 0.470 April-October 1990

Keller Lake watershed RWMWD unpublished
Keller Lake Parkway and HWY 36, St. Paul, MN 0.316 June-October 2002

Canadian Cities
Sarnia, ON 0.299

Sault Ste. Marie, ON 0.309
Windsor, ON 0.231

Marsalek, 1991
Toronto, ON

warm weather 0.280
cold weather 0.230

Pitt and McLean, 1986
Sault Ste. Marie, ON 0.246

Marsalek, 1990

Summary statistics Mean Standard deviation
0.379 0.195

*All values listed are for either mixed use urban watershed or urban residential, as provided by the author(s).

Table 1.  Storm event runoff total phosphorus concentrations (concentrations - mg P/L).*
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level and cause of uncertainty in planning level estimates of pollutant loads.  They defined planning 

level estimates as methods that make use of an annual runoff volume and a representative pollutant 

concentration to estimate annual loads.  The use of planning level estimates is widespread, but the 

authors note that very little work has been completed to measure the accuracy or confidence of these 

estimates.  Schwartz and Naiman (1999) noted that errors in planning level pollutant loads have been 

reported to be in the range of 50 – 300%.  Schwartz and Naiman (1999) suggest using the mean 

concentration as the representative concentration introduces significant bias into the annual load 

estimates and report that the use of flow-weighted mean concentration (FWMC) provides an 

unbiased estimate of annual load.  They further note that the use of arithmetic means for event 

concentrations can yield a range of bias from -40% to 40%.  

 

Data collected in the literature review, chosen for inclusion in the database, had to meet the following 

criteria:  

1) phosphorus data was collected for the duration of individual storm events and was reported 

as Event Mean Concentration, (EMC) 

2) numerous samples had to be collected at the same monitoring location throughout a given 

year,  

3) land use was either reported in adequate detail or land use could be determined using 

ArcView with delineated watersheds and USGS National Land Cover Data (NLCD), and 

4) a large fraction of the runoff generated from a monitored watershed was not routed 

through storm water treatment BMPs such as detention ponds.  

 

With regard to criteria #4, the urban runoff dataset is intended to represent the concentration of 

phosphorus in untreated urban runoff.  For a majority of the datasets (71 percent), the annual average 

total phosphorus concentration reported was weighted by the volume of runoff produced for each 

storm event (i.e. flow weighted mean concentration), the remainder of the annual total phosphorus 

concentrations reported were arithmetic averages.  One study (Niehus, 1997) did not meet criterion 

#2 but was included in the dataset because of limited runoff data for small urban areas and the need 

to represent less populated urban areas in the dataset.  All of the data included in this dataset are 

presented in Table 2.  Precipitation data that is shown in Table 2 was gathered from the rain gage 

nearest to the monitoring site.  Rain gage data was provided by the State Climatology Office 

Climatology Working Group web page. 
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Table 2. Dataset of flow-weighted annual total phosphorus concentration in urban runoff.

Location % LIR %CIT %RG %HIR % Impervious
Watershed 
Size (ac)

Total 
Precipitation 

for Monitoring 
Year (in)

Monitoring Year Sampling Period

Flow Weighted 
TP 

Concentration 
(ug/L)

Reference2

Lake Harriet Parkway at W. 44th St., Minneapolis,MN 100 0 0 0 32 143 36 2001 May-October 541 1
Luella St. at Orange Ave, St. Paul, MN 100 0 0 0 32 95 34 2001 May-October 652 1
Vandalia St.-350 feet south of Capp Rd.,St. Paul, MN 0 100 0 0 57 80 34 2001 May-October 255 1
Charles Ave-Mackubin to Arundel St., St. Paul, MN 60 40 0 0 42 63 34 2001 May-October 377 1
E. 29th St. at 31st Ave. S., Minneapolis, MN 50 45 5 0 43 100 36 2001 May-October 525 1
Site 1, Sioux Falls, SD 30 70 0 0 50 145 23 1995 to 1996 June 1995-July 1996 217 2
Site 2, Sioux Falls, SD 0 96 0 0 55 695 23 1995 to 1996 June 1995-July 1996 613 2
Site 3, Sioux Falls, SD 76 0 18 0 30 328 23 1995 to 1996 June 1995-July 1996 114 2
I-2 inlet to Fish Lake Watershed, Eagan, MN 80 20 0 0 37 124 34 1993 All Year 235 3
I-3, Eagan, Fish Lake Watershed, MN 100 0 0 0 32 40 34 1993 All Year 371 3
Lake Harriet Parkway at W. 44th St., Minneapolis, MN 100 0 0 0 32 143 26 1995 April-October 934 4
Lake Harriet Parkway at W. 44th St., Minneapolis, MN 100 0 0 0 32 143 26 1996 June-November 635 4
Lake Harriet Parkway at W. 44th St., Minneapolis, MN 100 0 0 0 32 143 34 1997 June-August 466 4
Lake Harriet Parkway at W. 44th St., Minneapolis, MN 100 0 0 0 32 143 39 2002 May-October 366 5
Luella St. at Orange Ave, St. Paul, MN 100 0 0 0 32 95 42 2002 May-October 344 5
Vandalia St.-350 feet south of Capp Rd.,St. Paul, MN 0 100 0 0 57 80 42 2002 May-October 278 5
Charles Ave-Mackubin to Arundel St., St. Paul, MN 60 40 0 0 42 63 42 2002 May-October 391 5
E. 29th St. at 31st Ave. S., St. Paul, MN 50 45 5 0 43 100 42 2002 May-October 305 5
G1AB, Tanners Lake Watershed, Maplewood, MN 0 82 18 0 53 65 27 1989 All Year 240 6
G4A, Tanners Lake Watershed, Maplewood, MN 0 83 17 0 53 43 27 1989 All Year 410 6
G3, Tanners Lake Watershed, Maplewood, MN 41 11 48 0 35 1354 27 1989 All Year 340 6
LH1, Lake Harriet, Minneapolis, MN 100 0 0 0 32 142 36 1991 April-October 224 7
LH8, Lake Harriet, Minneapolis, MN 82 18 0 0 37 50 36 1991 April-October 213 7
LC15, Lake Calhoun, Minneapolis, MN 81 12 7 0 35 232 36 1991 April-October 211 7
LC17, Lake Calhoun, Minneapolis,MN 26 42 25 0 40 1385 36 1991 April-October 179 7
LC20, Lake Calhoun, Minneapolis, MN 34 31 0 27 40 146 36 1991 April-October 255 7
LC22, Lake Calhoun, Minneapolis, MN 69 31 0 0 40 177 36 1991 April-October 224 7
LC26, Lake Calhoun, Minneapolis, MN 27 41 0 27 43 46 36 1991 April-October 230 7
LI31, Lake of the Isles, Minneapolis, MN 79 21 0 0 37 229 36 1991 April-October 232 7
CD36, Cedar Lake, Minneapolis, MN 100 0 0 0 32 115 36 1991 April-October 211 7
CD37, Cedar Lake, Minneapolis, MN 64 17 15 0 35 1714 36 1991 April-October 173 7
Baker Golf Course, Minneapolis, MN 0 0 100 0 32 47 30 1994 April-October 479 8
Meadowbrook Golf Course, Minneapolis, MN 0 0 100 0 32 94 30 1994 April-October 892 8
Woodhill Golf Course, Minneapolis, MN 0 0 100 0 32 31 30 1994 April-October 476 8
Three Rivers Park District 100 0 0 0 32 14 36 2001 July-November 341 9
Three Rivers Park District 100 0 0 0 32 14 41 2002 April-October 195 9
Three Rivers Park District 100 0 0 0 32 9 36 2001 July-November 377 9
Three Rivers Park District 100 0 0 0 32 9 41 2002 April-October 254 9
Three Rivers Park District 100 0 0 0 32 12 36 2001 July-November 244 9
Three Rivers Park District 100 0 0 0 32 12 41 2002 April-October 219 9
Three Rivers Park District 100 0 0 0 32 17 36 2001 July-November 213 9
Three Rivers Park District 100 0 0 0 32 17 41 2002 April-October 249 9
Three Rivers Park District 100 0 0 0 32 14 36 2001 July-November 329 9
Three Rivers Park District 100 0 0 0 32 14 41 2002 April-October 290 9
G1AB Inlet (Dennys) to Tanners Lake, Oakdale, MN 0 80 20 0 52 65 42 2002 May-September 232 10
G4A Inlet (Glenbrook) to Tanners Lake, Maplewood, MN 85 0 15 0 32 74 42 2002 May-September 308 10
G3 Inlet to Tanners Lake, Maplewood, MN 49 19 25 0 35 1368 42 2002 May-September 202 10
Urban Undeveloped Lot, Superior, WI 0 0 100 0 32 76 40 1996 May-September 65 11
Urban Undeveloped Lot, Superior, WI 0 0 100 0 32 76 32 1995 July-September 115 11
Golf Course, Superior, WI 0 0 100 0 32 12 40 1996 June-October 247 11
Monroe Neighborhood, Madison, WI 97 0 0 0 31 232 36 1994 May-October 640 12
Harper Neighborhood, Madison, WI 100 0 0 0 32 41 33.6 1995 June-October 930 12
PFS Study Site, East Pond, Woodbury, MN 100 0 0 0 32 21 36.0 2001 May-September 398 13
PFS Study Site, East Pond, Woodbury, MN 100 0 0 0 32 21 41.0 2002 May-September 332 13
PFS Study Site, West Pond, Woodbury, MN 100 0 0 0 32 15 36.0 2001 May-September 446 13
PFS Study Site, West Pond, Woodbury, MN 100 0 0 0 32 15 41.0 2002 May-September 322 13
Lake Harriet Parkway at W. 44th St., Minneapolis, MN 100 0 0 0 32 143 30.8 2003 March-September 588 14
Luella St. at Orange Ave, St. Paul, MN 100 0 0 0 32 95 26.8 2003 May-September 539 14
Vandalia St.-350 feet south of Capp Rd.,St. Paul, MN 0 100 0 0 57 80 26.8 2003 May-September 296 14
Charles Ave-Mackubin to Arundel St., St. Paul, MN 60 40 0 0 42 63 26.8 2003 May-September 426 14
Como Lake Rain Water Garden, St. Paul, MN 100 0 0 0 32 5 26.8 2002 April-September 253 15
Storm Sewer at Torah School, St. Louis Park, MN 100 0 0 0 32 31 26.8 1989 July-November 930 16
Storm Sewer at Torah School, St. Louis Park, MN 100 0 0 0 32 31 38.25 1990 April-October 470 16
Keller Lake Parkway and HWY 36, St. Paul, MN 27 53 20 0 45 53 42 2002 June-October 316 17

61
1 LIR= Low Intensity Residential, CIT= Commercial, Industrial, Transportation, RG= Urban Recreation Grasses, HIR=High Intensity Residential
2 References
 1)Minneapolis Park and Recreation Board, 2002.  National Pollutants Discharge Elimination System (NPDES) Monitoring
2)Niehus, C.A. 1997. Characterization of stormwater runoff in Sioux Falls, South Dakota, 1995-1996. USGS Water-Resources Investigations Report 97-4070.
3)City of Eagan. 1995.  Diagnostic/feasibility study of Fish Lake, Eagan, MN.

Landuse1

9)Three River Park District, unpublished data
10) Barr Engineering. 2003. Tanners Lake CIP Performance Evaluation.  Prepared for Ramsey-Washington Metro Watershed District.

4) Minneapolis Park and Recreation Board, 1997.  Unpublished Data.
5)Minneapolis Park and Recreation Board, 2003a. National Pollutants Discharge Elimination System (NPDES) Monitoring

7)Barr Engineering. 1992.  Minneapolis chain of lakes clean water partnership project. Prepared for Minneapolis Park and Recreation Board.

December 22, 2003

15) Ramsey County Public Works. 2003. Unpublished data.
16) Hennepin Conservation District. 1991.  Toxic and hazardous substances in urban runoff.  February 1991.
17) Ramsey Washington Metro Watershed District. 2003.  Unpublished data.

6)Barr Engineering. 1993.  Diagnostic/feasibility study of water quality problems and restorative measures for Tanner's Lake.  Prepared for the Ramsey Washington Metro Watershed District.

12) Waschbusch, R.J., etal. 1999.  Sources of phosphorus in stormwater and street dirt from two urban residential basins in Madison, Wisconsin. 1994-95.  USGS Water-Resources Investigation Report 99-4021.
11) USGS. 1996. Water resources data Wisconsin Water Year 1996. U.S. Geological Survey Water-Data Report WI-96-1.

13) Ramsey Washington Metro Watershed District.  Unpublished Data.
14) Minneapolis Park and Recreation Board, 2003b.  Unpublished monitoring data for the 2003 NPDES permit. 

8)Barten, J. 1995. Quantity and quality of runoff from four golf courses in the twin cities metropolitan area. Suburban Hennepin Regional Park District.
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Hydrologic and nutrient export relationships 

Driver and Tasker (1990) found that, in developing linear regression equations for the estimation of 

storm water loads, the total storm rainfall, and total contributory drainage area were the most 

significant factors, while impervious area, land-use and mean annual climatic characteristics were 

also significant.   

 

The high level of correlation between land use type and effective impervious area has also been noted 

by many investigators (Schueler, 1987; Driver and Tasker, 1990; Beaulac and Rechkow, 1982).  

Likewise nutrient loadings increase with increasing impervious surface area, most likely due to the 

ease of washoff and transport in curb and gutter systems and on other hard surfaces (Brezonik, et al, 

2002; Schueler, 1994).  Higher impervious percentage watersheds yield lower phosphorus 

concentrations, but the larger volume of water leads to the higher phosphorus loading rates 

(Bannerman, et al, 1992; Swenson, 1998; Beaulac and Rechkow, 1982).  Schwartz and Naiman 

(1999) propose that in small watersheds the pollutant and buildup functions may dominate the 

pollutant delivery patterns.  Thus precipitation patterns can move the pollutant delivery between 

supply-limited and transport-limited conditions depending upon rainfall amounts.  These conditions 

make the correlation of flow and concentration difficult.  This transition between supply-limited 

conditions and transport-limited is also helpful in explaining the observed concentration and loading 

differences with annual rainfall amounts.  Walker (1992) found similar relationships for runoff data 

for the Vadnais Lake watershed and noted that antecedent flow conditions are important, with high 

loads in years following drought. The regression analysis preformed for this assessment supports this 

theory, in that during wet years the phosphorus storm FWMC are lower and the annual loadings are 

higher. 

Clesceri, et al, (1986) report that years (and seasons) that are wetter or dryer than average, or 

generally abnormal, can cause large deviations in the annual export rate. They suggest that more 

accurate loading estimates can be calculated if export rates used were determined from watersheds 

having similar watershed characteristics or at least from the same regions.  Beaulac and Rechkow 

(1982) also suggest that there is wide variability in loading estimates due to watershed characteristics 

that influence runoff rates, pollutant sources and delivery.  US EPA (1997) and Brezonik, et al 

(2002) provide information on the use of regression analysis for evaluating non-point source 

pollutant loads.  Brezonik et al (2002) presented Walker’s (1987) regression relationship between 
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phosphorus export and percent urban cover, and the regression relationships between percent urban 

and percent impervious surface from Twin Cities watershed studies.   

Runoff modeling techniques  

Marsalek (1991) noted that the simplest methods for estimating annual loads is made by applying 

monitoring data expressed as annual unit loads to unmonitored watersheds, with the use of summary 

statistics from larger data bases, regression models and simulation models being progressively more 

complex.  He felt that the best load estimates would be obtained through runoff sampling programs, 

and that the correlation between runoff volumes and event mean concentrations were critical to the 

accuracy of the estimates.   

 

Export coefficients are commonly reported according to land use and are developed during a given 

year under a particular hydrologic condition, such as a wet year (Beaulac and Reckhow, 1982: 

Reckhow, et al, 1980; Panuska and Lillie, 1995; Clesceri, et al, 1986a; Clesceri, et al, 1986b; 

McFarland and Hauck, 2001).  In some cases the export coefficient is adjusted to reflect a normal 

climatic year. The most common approach to estimating loads is based upon Schueler’s (1987) 

regression of rainfall runoff volume and percentage imperviousness of a watershed combined with a 

flow-weighted mean concentration.   The equation is widely used for loading estimates and is used in 

this assessment to determine runoff coefficient based upon impervious fraction: 

 

Runoff coefficient (Rv) = 0.05 + 0.009 (I) 

 

 where I = the percentage of site imperviousness. 

 

Using the direct average method, the pollutant load is calculated by multiplying runoff volume with 

the pollutant concentration to obtain a mass load (Marsalek, 1990). The phosphorus export 

coefficients used for urban areas assume 100% of phosphorus transported from land will reach 

surface water due to developed conditions. The mass per unit area derived from the pollutant can be 

used to calculate the areal loading rate or export coefficient.   
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The phosphorous export coefficient is part of the total phosphorous loading equation:   

 

L is total phosphorus loading from land (in kilograms per year), m is number of land use types, ci 

is the phosphorus export coefficient for land use i (in kilograms per hectare per year), and Ai is 

area of land use i (in hectares).   

 

Over large watershed areas, the phosphorus export may not be proportional to watershed area and 

some attenuation of phosphorus occurs, especially in natural plant communities that have low runoff 

rates (Soranno, et al, 1996).  Panuska and Lillie (1995) report that watershed phosphorus export rates 

are highly variable and are affected by many factors.  Among the factors sited are watershed size, 

land use, soil types, annual rainfall and the drainage system efficiency. 

Walker (1986) developed the FLUX program for the US Army Corps of Engineers (ACOE) to 

estimate watershed loads from monitoring data sets.  The FLUX program allows for the estimation of 

tributary loadings from sample concentration data and continuous flow records. Five estimation 

methods are available and potential errors in estimates are quantified.  This software is widely used 

where both flow and concentration data are available.  FLUX was used by the Minneapolis Chain of 

Lakes Clean Water Partnership (and many other monitoring efforts) to estimate annual loads (MPRB, 

1993).  This data was examined and used in the development of the regression equations (see 

Approach and Methodology for Phosphorus Loading Computations section) and was used in the 

assessment of loading variability and uncertainty analysis undertaken for this assessment (see 

Phosphorus. Loading Variability and Uncertainty section). 

 

McFarland and Hauck (2001) used a multiple regression approach to determine nutrient export 

coefficients for the Bosque River.  They advise that the use of regression analysis using measured 

flows and water quality data for heterogeneous land uses allows the estimation of loads that represent 

average conditions accurately.  

Methods for Assessing Variability  

Schwartz and Naiman (1999) reviewed bias in planning level estimates of pollutant loads.  They 

defined planning level estimates as methods that make use of an annual runoff volume and a 
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representative pollutant concentration (literature derived or monitoring-based measure of central 

tendency) to estimate annual loads.  The use of planning level estimates is widespread, but the 

authors note that very little work has been completed to measure the accuracy or confidence of these 

estimates.  They noted that errors in planning level pollutant loads have been reported to be in the 

range of 50 – 300%.  Schwartz and Naiman (1999) suggest using the mean event concentration as the 

representative concentration introduces significant bias into the annual load estimates and report that 

the use of flow-weighted mean concentration (FWMC) provides an unbiased estimate of annual load.  

They further note that the use of arithmetic means for EMCs can yield a range of bias from -40% to 

40%.  
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Watershed Basin Characteristics    

For the purposes of defining and quantifying the phosphorus loads to Minnesota basins, the land uses 

within incorporated areas were classified and enumerated using the USGS National Land Cover Data 

(NLCD).  Figure 1 shows the locations of the incorporated areas included in this assessment in 

relation to the basin boundaries. The National Land Cover Data Set for the Conterminous United 

States is derived from the Landsat thematic mapper data system (Vogelmann, 2001).  The NLDC 

cover classes included in the land uses within incorporated areas assessed are: 

� Urban Developed Areas 

o Low intensity residential  

o High intensity residential 

o Commercial/Industrial/Transportation 

� Deciduous Forest 

� Evergreen Forest 

� Mixed Forest 

� Shrubland 

� Grasslands/Herbaceous 

� Urban / Recreational Grasses  

� Agricultural lands 

o Pasture/Hay  

o Row Crops 

o Small Grains 

� Other  

o Quarries/Strip Mines/Gravel Pits  

o Transitional (new development) 

 

Tables 3 and 4 provide an overview of the basin characteristics and basin hydrology for each of the 

ten basins. 

 

Tables 5 and 6 present an overview of the land cover distribution within incorporated areas across the 

Minnesota basins.  Table 5 provides a breakout of all the land cover classes found in the incorporated 

area boundaries, while Table 6 provides a detailed breakdown of only the urban land cover classes 

assessed for phosphorus loads.










