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Background:  MS4 and TMDL Requirements

• MS4
• 20% TSS Reduction by 2008

• 40% TSS Reduction by 2013 (Subsequently Rescinded)

• Total Maximum Daily Load (TMDL)

TMDL Basin EPA Approval TSS Range TP Range

Rock River 9/2011

Lower Fox River 5/2012

Menomonee, KK, & 

Milwaukee Rivers

3/2018 48 to 88% 14 to 88%

Wisconsin River 4/2019 NA 68.6 to 81.3%

Upper Fox and Wolf 

Rivers

2/2020 20 to 80 % 44 to 83%

NE Lakeshore Pending



Background:  MS4/TMDL Compliance Options

MS4 Must 1st Achieve The Following To 

Participate in Water Quality Trading and 

Yahara WINs Watershed Adaptive 

Management Programs

Water Quality Trading:  20% TSS Reduction 

in Each Reach 

Yahara WINs WAM:  40% TSS and 27% TP 

Reduction in Each Reach

TP Leaf Credit 

Analysis



Background:  Street Trees and Leaf Collection

• USGS Study
• Madison (2013-2018)

• City of Madison
• 2014 Leaf Bagging Pilot Project

• WDNR TP Credit Guidance 

Document (2018)

• USGS Studies
• Fond du Lac and Oshkosh (2018 

and 2019)

• March 27, 2020 Presentation

Leaf leaches phosphorus into water

Leaves in street create opportunity for phosphorus runoff



TP Credit Requirements

• Tree Density Eligibility
• Basins with <17% TP Reduction

• Land use MDRNA (2-6 units/acre)

• Curb and gutter drainage

• 17% canopy over street (1 mature tree/80 lf curb)

• Leaf Collection Program Eligibility
• Municipal ordinance prohibiting leaf placement in streets

• Policy allowing piles or bags of leaves in terrace for 

collection.

• Leaf collection occurs 4 times within October-November

• Street sweeping within 24 hours of leaf collection

• No leaves are left in the street overnight.



TP Credit Analysis Process

GIS:  

Terrace 

Trees  

Layer

Confirm Eligibility 

for Tree Density

Document Leaf 

Collection 

Programs

Optimize 

Watersheds to 

Maximize 

Credit

GIS:  

WinSLAMM 

Watersheds, 

Landuse, and 

Curb & 

Gutter

• No leaves in street ordinance

• Leaves in terrace/bags policy

• Leaf Collection 4X in Oct./Nov.

• Street Sweep Within 24 hrs

• No leaves in street overnight

• Basins w/ <17% TP 

Reduction

• MDRNA Land Use

• Curb and Gutter Drainage

• 1 Mature Tree / 80 lf Curb
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Iterative Process



TP Credit Analysis Process:  Initial Basin Eligibility <17%

Whitewater, WI



TP Credit Analysis Process:  Initial Basin Eligibility

Whitewater, WI



TP Credit Analysis Process:  Optimized Eligibility

Whitewater, WI



TP Credit Analysis Process:  Initial Credit Calculations

Basin
Basin 

Area (ac)
MDR 

Area (ac)
# Trees/ 

80 lf
1 Tree/ 
"X" lf

Baseline 
TP, lbs/yr

Existing TP 
Reduction

Max. Credit 
(17%)

Percentage 
Difference

Maximum 
Potential TP (lbs) 

removed
TP (lbs) 

removed
67-01 92.90 75.43 0.64 126.58 73.01 11.8% 17.0% 5.2% 3.80 0.00
67-04 301.12 226.07 0.64 125.65 218.81 5.3% 17.0% 11.7% 25.60 0.00
67-09 9.20 1.87 0.00 - 1.81 0.0% 17.0% 17.0% 0.31 0.00
67-16 30.65 3.36 0.36 220.95 3.25 11.0% 17.0% 6.0% 0.19 0.00
67-10 17.30 2.38 0.00 - 2.30 7.8% 17.0% 9.2% 0.21 0.00
67-20 40.37 10.45 0.65 128.12 10.11 7.8% 17.0% 9.2% 0.93 0.00
67-22 50.27 29.86 1.39 53.97 28.90 5.2% 17.0% 11.8% 3.41 3.41
67-24 7.72 0.19 0.00 - 0.19 2.4% 17.0% 14.6% 0.03 0.00
67-25 21.16 17.01 0.80 99.76 16.46 5.2% 17.0% 11.8% 1.94 0.00
67-26 8.29 7.47 0.86 92.71 7.23 5.2% 17.0% 11.8% 0.85 0.00
67-27 5.35 5.11 0.66 121.05 4.95 2.2% 17.0% 14.8% 0.73 0.00
67-28 14.71 1.52 0.00 0.00 1.47 4.9% 17.0% 12.1% 0.18 0.00
67-50 13.58 0.38 1.45 55.05 0.37 5.7% 17.0% 11.3% 0.04 0.04
67-51 16.25 2.95 1.52 52.55 2.86 9.5% 17.0% 7.5% 0.21 0.21

Total TP: 38.44 lbs 3.67 lbs



TP Credit Analysis Process:  Example Optimization

Whitewater, WI



TP Credit Analysis Process:  Example Optimization

Whitewater, WI



TP Credit Analysis Process:  
Monona



TP Credit Analysis Results



TP Credit Analysis Results

Municipality

Draft 
Maximum TP 

Credit
(prior to 
analysis)

Draft TP 
Credit

(Original)

WDNR-Approved 
TP Credit

(With Optimized 
Basins)

Difference between 
Original and 

Optimized Basins

Value of TP Credit 
Analysis:  $/lb TP 

(20 Year NPW)

Stoughton 66.0 4.9 37.7 +32.8 lbs $29/lb

Whitewater 77.1 8.3 19.1 +10.8 lbs $60/lb

Monona 23.3 1.8 13.0 +11.2 lbs $74/lb

Rothschild 9.8 1.4 9.0 (Pending) +7.6 lbs $99/lb

Constructed BMPs Cost Range:  $1,000 to $10,000/lb TP NPW (Avg. $3,000)



TP Credit Analysis 
Results



Analysis Challenges-Leaf Collection Program 
Eligibility

Municipality Stoughton Whitewater Monona Rothschild

Leaf Collection 4X 
in Oct./Nov.

• Weekly from Mid-
Oct to End Nov.

• Equivalent to 7 
Collections

• 1X Late Oct.
• 2 to 3X by Nov. 

15

• Every 10 to 12 days 
in Oct/Nov

• Equivalent to 4 to 6 
Collections

Late Sept. to 
Early Nov

Street Sweeping 
Within 24 Hours of 
Collection

• Vacuum Collection 
Leaving Minimal 
Residue

• No Sweeper Follows

• Sweep 2X in 
October

• Sweep 2X in 
November

• Vacuum Collection 
Leaving Minimal 
Residue

• Sweeper Follows

TBD

No Leaves in Street 
Overnight

• Ordinance prohibits 
• Part of Protocol

• Combination of 
ordinance 
prohibiting and 
bagged leaves

• Ordinance prohibits 
• Part of Protocol

TBD

Leaf Storage 
Location

Terrace Bags on Terrace Terrace TBD

Pick up Method Vacuum Truck Load Bags In Truck Vacuum Truck TBD

WDNR has been flexible with eligibility interpretations.  If municipality’s  

operations meet the intent of the requirements, WDNR has granted approval 

for the existing program or with tweaks to the existing programs. 



Analysis Challenges-Leaf Collection Program Details

Leaf Vacuum

City of Monona

• Ordinances

• Public Announcements / Schedule

• Leaf Collection Program Narrative

• Photos Documenting 

Collection/Sweeping

City of Stoughton calendar

Ordinance

Whitewater

City of Monona Narrative



Analysis Challenges-Leaf Collection Method

Street Sweeper

City of Whitewater
Leaf Vacuum

City of Stoughton
Leaf Vacuum

City of Monona



Analysis Challenges-Regional Differences/Timing

September 28, 2019

2019 Fall Foliage 
Maps

October 26, 2019



Analysis Challenges-Regional Differences/Timing



Future Evolution of TP Leaf Credit

• Additional Credit for Weekly Sweeping

• Expand Eligible Land Uses (Single Family and 

Multifamily Residential

• Impact of Leaf Collection on Downstream Wet Ponds

• Percent Street Tree Canopy vs Terrace Trees

• MS4 Leaf Management Study Advisory Group through 

League of Municipalities

• Interest in Continued Research

• Focus of Additional Research

• Willingness of Communities to

Contribute $



Lessons Learned

• Manage expectations.

• Iterations are necessary to maximize eligible areas/credit.

• Collaborate with WDNR to explain municipality’s programs.

• Provide complete submittal to WDNR.

• Desktop Analysis more cost-effective than constructed BMPs.

• Use as tool to target future tree planting areas to increase 

eligible area.

• An MS4 can internally trade TP Leaf Credit from upstream 

reach to downstream reach using a 1:1 trade ratio without 

formal water quality trading agreement.



Questions
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