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Some of the information is preliminary or provisional and is subject to revision. It is being provided to meet the need for timely best science. The information has not received final approval by the U.S. Geological Survey (USGS) and is provided on the condition that neither the USGS nor 
the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.

Learning Objectives

• Understand the data sources used to develop the field investigation 
database

• Describe the order that volume, TSS, and TP were evaluated in.
• Identify when the resulting parameter files will be implemented for 

WinSLAMM Modelling

The information has not received final approval by the U.S. Geological Survey (USGS) and is provided on the condition that neither the USGS nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.
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Compile Data:  1993-Present

Data from Urban 
Storm Water 

Research Studies

Field Investigation 
Wisconsin-Urban 

Database (WIUDB)

The information has not received final approval by the U.S. Geological Survey (USGS) and is provided on the condition that neither the USGS nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.The information has not received final approval by the U.S. Geological Survey (USGS) and is provided on the condition that neither the USGS nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.

Structure Data in WIUDB

7,500 Sample 
Records 

9,300 Event 
Variables

8,200 Rainfall 
Parameters

230 Development 
Characteristics

Sites Rainfall

EMC*Volume

Unique-IDs

*Event Mean Concentration

The information has not received final approval by the U.S. Geological Survey (USGS) and is provided on the condition that neither the USGS nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.
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Measured Source Area Sites
ValidationCalibrationSource Area

97Parking Lots

23Flat Roofs

12Pitched Roofs

41Asphalt Streets

32Asphalt Highways

22Concrete Highways

01High Traffic Pervious Soils

01Silt Pervious Soils

01Clay Pervious Soils

The information has not received final approval by the U.S. Geological Survey (USGS) and is provided on the condition that neither the USGS nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.

Calibrate and Validate Sequentially

Runoff Volumes Total Suspended 
Solids (TSS)

Phosphorus
and other 
pollutants

The information has not received final approval by the U.S. Geological Survey (USGS) and is provided on the condition that neither the USGS nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.
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Small Storm Hydrology

Runoff = Rainfall – Initial Loss (Ia) – Post Runoff Loss (F)

Losses vary by 
surface type

The information has not received final approval by the U.S. Geological Survey (USGS) and is provided on the condition that neither the USGS nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.

Develop Rv Equations
Accumulative Rain (P) = Rainfall (in.) – Rainfall before Runoff (in.)

• Initial Loss (pre-runoff)  
depression storage, interception, evaporation, sorption to dirt

• Post-Runoff Loss (F) = 
• F=bP + a(1-e-gP)  variable or
• F=a(1-e-gP) constant loss 
Infiltration, storm intensity or duration
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Equations are not 
specific to 

WinSLAMM and may 
be used for other 

models

The information has not received final approval by the U.S. Geological Survey (USGS) and is provided on the condition that neither the USGS nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.
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Volume Calibration and Validation
Volume Equations based on 
Source Area Sites 
Validated by landuses sites

R2PBAISValidati
on

R2PBAISCali
brat
ion

Source Area

.87-47.8127Parking Lots

.95-12.95-13Flat Roofs

.8911.8902Pitched Roofs

.92264.90-61Asphalt Streets

.84133.8-162Asphalt Highways

.84-152.84-22Concrete 
Highways

.84-150.84-21High Traffic 
Pervious

----0.58-31Silt Pervious soils

.59-532.55-81Clay Pervious soils

The information has not received final approval by the U.S. Geological Survey (USGS) and is provided on the condition that neither the USGS nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.

Runoff Volumes Based on Small Storm 
Hydrology
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Smooth textured streets

Intermediate textured streets

Rough textured streets

High Traffic Urban Paved Areas

The information has not received final approval by the U.S. Geological Survey (USGS) and is provided on the condition that neither the USGS nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.
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Runoff Volume Comparison-Medium 
Density Residential
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The information has not received final approval by the U.S. Geological Survey (USGS) and is provided on the condition that neither the USGS nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.

Total Suspended Solids
• No obvious patterns when regressing TSS 

by rainfall
• Predictive variables tested in stepwise 

regressions
• Rainfall Depth
• Rainfall Intensity
• Peak of 5, 10, 15, 30, 60 minute
• Dry Days
• Event Duration
• Seasonality

• Did not result in statistically acceptable 
equations

• Re-evaluated for rainfall ranges or ‘bins’

The information has not received final approval by the U.S. Geological Survey (USGS) and is provided on the condition that neither the USGS nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.
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Predicted TSS Using Exponential One-Phase 
Equations for Parking Lots 

All TSS 
Rainfall Ranges

• 0-<0.23 

• 0.23-<0.41 

• 0.41-<0.6

• 0.6-<0.79

• 0.79-<6.0
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Parking Lot TSS Equation = -28.4*Ln(Rain)+82.1

R2=.94

The information has not received final approval by the U.S. Geological Survey (USGS) and is provided on the condition that neither the USGS nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.

PBIAS % 6.3

Results from WinSLAMM
3.22.82.421.61.20.980.790.590.390.20.120.080.04Rain (in)
495357626977838997109128142154173Conc. Eq

Paved Parking PSC 

TSS 
Concentration 
varies by rainfall

Outliers omitted 
as runoff spills 
between 
drainage areas 
during heavy 
rains

The information has not received final approval by the U.S. Geological Survey (USGS) and is provided on the condition that neither the USGS nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.
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Additional Source Areas
NotesR2TSS Concentration EquationSource Area

Calibrated with Source Area0.8433.6 Ln Rain + 192Industrial Paved

Calibrated with Landuses (Asphalt)0.8224.7 ln(Rain)+82.8Unpaved Parking

Calibrated with Source Area0.89-5.6*Ln(Rain)+9.7Flat Roofs

Calibrated with Landuses0.439.6*Ln(Rain)+48.7Pitched Roofs

Calibrated with Source Area0.7915.3*Ln(Rain)+123Driveways

Calibrated with Source Area0.8126.7*Ln(Rain)+119Pervious Soils

Calibrated with Source Area0.69-185*Ln(Rain)+242High Traffic Urban 
Pervious Soils
• A total of 11 equations. Overlaps the 6 landuses
• TSS Concentration from streets calculated using build-up/wash off approach to better model street 

cleaning benefits
• Three street equations developed asphalt street, asphalt highways, concrete highways used to fill in 

sources areas without equations

The information has not received final approval by the U.S. Geological Survey (USGS) and is provided on the condition that neither the USGS nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.

The information has not received final approval by the U.S. Geological Survey (USGS) and is provided on the condition that neither the USGS nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.
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Asphalt Street
ValidatedCalibratedStats

36216Count

28.9104.7Rain (in.)

26-6PBAIS

.92.90R2

31Number of 
sites
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The information has not received final approval by the U.S. Geological Survey (USGS) and is provided on the condition that neither the USGS nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.

PBIAS %  -24

WinSLAMM Streets on Asphalt Roadways

The information has not received final approval by the U.S. Geological Survey (USGS) and is provided on the condition that neither the USGS nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.
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Mixed Landuse
PBIAS 24%
Used streets not HTU

The information has not received final approval by the U.S. Geological Survey (USGS) and is provided on the condition that neither the USGS nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.

PBIAS % 1
With streets

Residential Landuse

The information has not received final approval by the U.S. Geological Survey (USGS) and is provided on the condition that neither the USGS nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.
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Driveway Golf Lawn
Parking 

Lot
Roof-
Flat

Roof-
Pitched Streets Wooded
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Mean Minimum/Maximum

WoodedStreets
Roof-

PitchedRoof-FlatParking LotLawnGolfDrivewayStatistic
6149386144556572566Count
7.211.91.60.72.011.94.83.12Maximum

0.720.240.110.040.111.110.270.36Median
1.260.490.170.080.181.720.930.52Mean
0.500.260.110.040.120.410.440.33Geometric mean

TOTAL PHOSPHORUS - SOURCE AREAS

The information has not received final approval by the U.S. Geological Survey (USGS) and is provided on the condition that neither the USGS nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.

Driveway Golf Lawn
Parking 
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Mean Minimum/Maximum

WoodedStreets
Roof-

PitchedRoof-FlatParking LotLawnGolfDrivewayStatistic
6149386144556572566Count

5.279.90.50.31.1310.93.30.05Maximum
0.240.060.040.010.030.590.060.09Median
0.480.190.070.030.051.060.430.22Mean
0.120.060.040.020.030.330.080.10Geometric mean

DISSOLVE PHOSPHORUS - SOURCE AREAS

The information has not received final approval by the U.S. Geological Survey (USGS) and is provided on the condition that neither the USGS nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.
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Commercial Freeway Industrial Institutional Park Residential
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ResidentialParkInstitutionalIndustrialFreewayCommercialStatistic
112773874133476Count
11.02.30.600.90.88.6Maximum
0.430.590.120.290.150.29Median
0.710.990.160.330.180.47Mean

0.470.760.120.280.150.28Geometric mean

TOTAL PHOSPHORUS - LANDUSES

The information has not received final approval by the U.S. Geological Survey (USGS) and is provided on the condition that neither the USGS nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.

Equations using the equivalent-sample-size method
PARKING LOT 
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The information has not received final approval by the U.S. Geological Survey (USGS) and is provided on the condition that neither the USGS nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.
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Calibration of WinSLAMM

The information has not received final approval by the U.S. Geological Survey (USGS) and is provided on the condition that neither the USGS nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.

Generate New Parameter Files

Runoff 
Coefficient File

(.rsvx)

Particulate Solids 
Concentration File

(.pscx)

Pollutant 
Probability 

Distribution File
(.ppdx)

Use equations to determine entries rather than have a 
constant value across storms

Street Delivery File
(.std)

The information has not received final approval by the U.S. Geological Survey (USGS) and is provided on the condition that neither the USGS nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.
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Urban Landuse Nomenclature

Residential

Medium Density Residential No Alleys

Pitched 
Roof

Paved 
Driveway

Rough 
Street

Multi-Family Residential

Flat Roof Paved 
Parking Lot

Landuse Category

Standard 
Landuse

Source Areas

The information has not received final approval by the U.S. Geological Survey (USGS) and is provided on the condition that neither the USGS nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.

Runoff Coefficients-Connected Impervious
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WI_SL06 Dec06 Directly Connected
Impervious Areas

WI_SL06 Dec06 Directly Connected
Unpaved Areas

WI_USGS_2025_EQrsv Directly
Connected Impervious Areas

WI_USGS_2025_EQrsv Directly
Connected Unpaved Areas

No change to 
Directly Connected 

Impervious Area-
Insufficient Data to 

Calibrate

The information has not received final approval by the U.S. Geological Survey (USGS) and is provided on the condition that neither the USGS nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.
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Volumetric Runoff Coefficient Roofs and Streets
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Connected Flat Roofs
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WI_SL06 Dec06 Smooth
Textured Streets

WI_SL06 Dec06
Intermediate Textured
Streets

WI_SL06 Dec06 Rough
Textured Streets

WI_SL06 Dec06 High
Traffic Urban Paved Areas

WI_USGS_2025_EQrsv
Smooth Textured Streets

WI_USGS_2025_EQrsv
Intermediate Textured
Streets

WI_USGS_2025_EQrsv
Rough Textured Streets

The information has not received final approval by the U.S. Geological Survey (USGS) and is provided on the condition that neither the USGS nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.

Particulate Solids Concentration
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Rain, in inches

v.10.1 WI_AVG01 Residential 1 Roofs

v.10.1 WI_AVG01 Residential 6 Paved
Sideways and Walks

v.10.1 WI_AVG01 Residential 11 Other
Directly Connected Impervious Areas

WI_USGS_2025_EQ Residential 1 Roofs

WI_USGS_2025_EQ Residential 6 Paved
Sideways and Walks

WI_USGS_2025_EQ Residential 11 Other
Directly Connected Impervious Areas

The information has not received final approval by the U.S. Geological Survey (USGS) and is provided on the condition that neither the USGS nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.
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Runoff Coefficients Pervious Soils
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WI_SL06 Dec06 Pervious Areas - Sandy
Soils

WI_SL06 Dec06 Pervious Areas - Silty
Soils

WI_SL06 Dec06 Pervious Areas - Clayey
Soils

WI_USGS_2025_EQrsv Pervious Areas -
Sandy Soils

WI_USGS_2025_EQrsv Pervious Areas -
Silty Soils

WI_USGS_2025_EQrsv Pervious Areas -
Clayey Soils

No change to 
Pervious Areas –

Sandy Soils-
Insufficient Data to 

Calibrate

The information has not received final approval by the U.S. Geological Survey (USGS) and is provided on the condition that neither the USGS nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.

Particulate Solids Concentration
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Rain, in inches

v.10.1 WI_AVG01 Residential 7 Large
Landscaped Areas

v.10.1 WI_AVG01 Residential 8 Small
Landscaped Areas

v.10.1 WI_AVG01 Residential 9
Undeveloped Areas

WI_USGS_2025_EQ Residential 7 Large
Landscaped Areas

WI_USGS_2025_EQ Residential 8 Small
Landscaped Areas

WI_USGS_2025_EQ Residential 9
Undeveloped Areas Undeveloped

Developed

The information has not received final approval by the U.S. Geological Survey (USGS) and is provided on the condition that neither the USGS nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.
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Runoff Coefficients-High Traffic Urban
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WI_SL06 Dec06 High Traffic Urban
Pervious Areas

WI_USGS_2025_EQrsv High Traffic Urban
Pervious Areas

WI_SL06 Dec06 High Traffic Urban Paved
Areas

WI_USGS_2025_EQrsv High Traffic Urban
Paved Areas

The information has not received final approval by the U.S. Geological Survey (USGS) and is provided on the condition that neither the USGS nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.

Particulate Solids Concentration
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v.10.1 WI_AVG01 Freeways 13 Paved Land
and Shoulder Areas

v.10.1 WI_AVG01 Freeways 7 Large
Landscaped Areas

v.10.1 WI_AVG01 Freeways 10 Other
Pervious Areas

v.10.1 WI_AVG01 Freeways 11 Other
Directly Connected Impervious Areas

v.10.1 WI_AVG01 Freeways 12 Other
Partially Connected Impervious Areas

WI_USGS_2025_EQ Freeways 13 Paved
Land and Shoulder Areas

WI_USGS_2025_EQ Freeways 7 Large
Landscaped Areas

WI_USGS_2025_EQ Freeways 10 Other
Pervious Areas

The information has not received final approval by the U.S. Geological Survey (USGS) and is provided on the condition that neither the USGS nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.
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Evaluating the Net Effect

Individual 
Source 
Areas 

Standard 
landuses

BMP efficiency

The information has not received final approval by the U.S. Geological Survey (USGS) and is provided on the condition that neither the USGS nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.

Individual Source Areas-Volume
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Model volumes, in cubic feet

Volume comparing 2006 vs 2021 without practices

Volume (CF) 2021 Volume (CF) 2006

The information has not received final approval by the U.S. Geological Survey (USGS) and is provided on the condition that neither the USGS nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.
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Individual Source Areas-TSS
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The information has not received final approval by the U.S. Geological Survey (USGS) and is provided on the condition that neither the USGS nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.
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The information has not received final approval by the U.S. Geological Survey (USGS) and is provided on the condition that neither the USGS nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.
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Individual Source – With Controls Volume
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Bar values are percent  difference in volume per BMP

The information has not received final approval by the U.S. Geological Survey (USGS) and is provided on the condition that neither the USGS nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.

Individual Source – With Controls TSS
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The information has not received final approval by the U.S. Geological Survey (USGS) and is provided on the condition that neither the USGS nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.
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Individual Source – With Controls TP
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The information has not received final approval by the U.S. Geological Survey (USGS) and is provided on the condition that neither the USGS nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.
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The information has not received final approval by the U.S. Geological Survey (USGS) and is provided on the condition that neither the USGS nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.
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Municipal-No Controls TSS
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The information has not received final approval by the U.S. Geological Survey (USGS) and is provided on the condition that neither the USGS nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.
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The information has not received final approval by the U.S. Geological Survey (USGS) and is provided on the condition that neither the USGS nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.
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Municipal-With Controls TSS
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The information has not received final approval by the U.S. Geological Survey (USGS) and is provided on the condition that neither the USGS nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.
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The information has not received final approval by the U.S. Geological Survey (USGS) and is provided on the condition that neither the USGS nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.
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Implementation

• Release new parameter files with WinSLAMM v. 10.5.1 
• Use new parameter files with WinSLAMM v. 10.5.1 and later versions
• Use old parameter files with earlier versions
• Use same version and inputs for no-controls and with controls
• Rollout not expected to include requirement to revise municipal 

modeling
• Do not use other device to represent BMPs in series.

The information has not received final approval by the U.S. Geological Survey (USGS) and is provided on the condition that neither the USGS nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.

Next Steps

• Release of WinSLAMM 10.5.1 packaged with new parameter files by 
PV and Associates

• Publication of USGS report by Judy Horwatich along with source data
• Incorporation of seasonality in future versions of WinSLAMM

The information has not received final approval by the U.S. Geological Survey (USGS) and is provided on the condition that neither the USGS nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.
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Judy Horwatich, USGS
jahorwat@usgs.gov

Amy Minser, WDNR
amy.minser@wisconsin.gov

Subscribe for DNR 
Email Updates

The information has not received final approval by the U.S. Geological Survey (USGS) and is provided on the condition that neither the USGS nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.
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