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Pilot Study – Leaf Collection Management

• Agricultural and urban sources 
of phosphorus are targeted in 
the Adaptive Management 
plan for Rock River TMDL

• Leaf collection identified as 
reasonable measure to reduce 
Total P delivered to lakes

• What percent reduction in 
nutrients can MS4s expect by 
collecting leaves?

• Are some leaf collection 
practices better than others?

Source: Rock River Coalition



Study Basin
Source Area Control Test

Area (ac.) 15.9 3.0

Streets 17% 19%

Driveways 6% 4%

Roofs 17% 19%

Sidewalks 5% 3%

Lawns/Open 55% 54%

Other Impervious <1% 0%

Tree Cover 45% 68%

Control Test
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“Escalated” Leaf Management in Test Basin

Weekly collection of leaf piles followed by high-efficiency street cleaning
October – November 2015



“Escalated” Leaf Management

In addition to municipal efforts, USGS field 
crews would clear all organic debris from 
street surface prior to rain event
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Seasonal Total Phosphorus Yield as a Percent 
of the 2015 Annual Yield (winter excluded)
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Seasonal Phosphorus Partitioning

Charts show the range of dissolved P as a percent of total P 
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Leaf collection may be one of only a few options to 
reduce dissolved phosphorus since structural controls do 
not effectively remove the dissolved fraction. 



Paired Basin Results for Nutrient Load (Log), in grams



Percent Reduction in Nutrient Load - 2015

Parameter Spring Summer Fall

Total Phosphorus -45 -36 -84
Total Nitrogen -52 -- -74

Dissolved Phosphorus -51 -- -83
Dissolved Nitrogen -44 -- -71

--, no statistical change



Next Steps…

• Evaluate commonly used 
municipal leaf collection 
programs
- Vacuum mulching
- Bagging
- Transfer
- Frequency

• Develop semi-quantitative 
method to predict phosphorus 
load in stormwater based on 
estimate of leaf mass on streets



Leaf Collection Benefits can be Highly Parameterized 

Water-Quality 
Benefit

Vacuum 
Mulching

Street 
Cleaning

Mechanical 
broom

Vacuum-assist

Frequency

Weekly

Monthly

Curbs

Yes

No

Land Use

Residential

Commercial

Other

Tree Canopy

Low

Medium

High

Tree Species

Bagging Transfer Other



Estimating Phosphorus Load from Leaf Mass on Streets

Develop method to rapidly assess 
the potential benefit of different leaf 
collection practices without the time 
and cost of water-quality 
monitoring



Survey of Test and Control Sites in Madison

Test Site : 

• Clean Streets Once/Week 
with Vacuum Street 
Cleaner

Control Site: 

• Pickup Every 20 Days 
By Pushing into 
Garbage Truck



Estimating Phosphorus Load from Leaf Mass on Streets

Category
Average Net Weight, lbs. 

(80 ft frontage)
Lbs. of Leaves Per 

Foot of curb

1 5  0.05

2 10 0.13

3 16  0.20

4 25 0.35

1 2 3 4



Estimating Phosphorus Load from Leaf Mass on Streets

Dorney (1986)

Category
Average Net 
Weight, lbs. 

(80 ft frontage)

Lbs. of Leaves 
Per Foot of 

curb

Leachable P 
per foot of 

curb (g)

1 5  0.05 0.004

2 10 0.13 0.01

3 16  0.20 0.015

4 25 0.35 0.026

Average = 0.076 g/lb



Estimating Phosphorus Load from Leaf Mass on Streets

Address Frontage (ft) 10/25/2016 lbs/ft lbs/frontage P (g)
4817 Sher 241 1 0.05 12.05 0.9

4737 (Sherwood) Hilltop 178 0 0 0 0
4737 Sher 178 1 0.05 8.9 0.7

4734 (Odana) Hilltop 151 0 0 0 0
4809 Sher 150 1 0.05 7.5 0.6

602 Tokay (Hilltop) 146 0 0 0 0
602 Hilltop 146 1 0.05 7.3 0.6

4725 Tokay Blvd 137 0 0 0 0
4725 (Tokay) Hilltop 137 0 0 0 0

4801 (Sherwood) Hilltop 134 0 0 0 0
4801 Sher 134 1 0.05 6.7 0.5

4810 Odana 127 0 0 0 0
610 Hill 124 1 0.05 6.2 0.5

610 (Hilltop) Woodburn 124 2 0.13 16.12 1.2
4830  Sherwood 121 1 0.05 6.05 0.5

4818 Sher 120 1 0.05 6 0.5
4824 Sher 120 2 0.13 15.6 1.2



Comparison of Unit Loads Between Test and Control 
Areas – Mg of P per Ft of Curb
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Survey Dates Rain Date

Leachable Phosphorus , mg/ft. of 
curb

Test Area Control Area

10/4 10/5 0.5 1.5

10/6 Before Swept 1.7 2.8

10/6 10/7 0.5 2.8

10/11 10/12 3.9 5.2

10/15 10/16 2.3 4.2

10/18 5.1 5.3

10/25 10/26 3.2 4.4

10/28 0.5 4.5

11/2 11/2 2.8 4.5

11/8 4.2 0.7

11/17 0.5 2.0

11/22 11/23 1.0 1.8

11/22 11/28 1.0 1.8

11/30 0 0

Leachable P for Rainfalls 15.2 mg/ft 26.2 mg/ft

Collection and Cleaning:

• Weekly = 15.2 mg/ft
• 20 Days = 26.2 mg/ft

Percent Change = 42%

Leachable P in mg/ft
of Curb - Test and 
Control Site



How Could Leaf Collection Program Relate to 
Phosphorus Reduction for Entire City?

• Weekly Collection and Street Cleaning = 42%
• Residential Land Use with High Tree Canopy = 60% reduction
• Annual Phosphorus Contribution in Fall = 50%

Phosphorus Credit = 42% X 60% X 50% = 13 %



Funding provided by:

Selbig, W.R., 2016, Evaluation of leaf removal as 
a means to reduce nutrient concentrations and 
loads in urban stormwater, Science of the Total 
Environment, 571, pp. 124 – 133. 

Questions


	Developing a Framework to Advance Statewide Phosphorus Reduction Credits for Leaf Collection
	Pilot Study – Leaf Collection Management
	Slide Number 3
	Slide Number 4
	“Escalated” Leaf Management in Test Basin
	“Escalated” Leaf Management
	Slide Number 7
	Seasonal Total Phosphorus Yield as a Percent of the 2015 Annual Yield (winter excluded)
	Seasonal Phosphorus Partitioning
	Paired Basin Results for Nutrient Load (Log), in grams
	Percent Reduction in Nutrient Load - 2015
	Slide Number 12
	Leaf Collection Benefits can be Highly Parameterized 
	Estimating Phosphorus Load from Leaf Mass on Streets
	Survey of Test and Control Sites in Madison
	Estimating Phosphorus Load from Leaf Mass on Streets
	Estimating Phosphorus Load from Leaf Mass on Streets
	Estimating Phosphorus Load from Leaf Mass on Streets
	Comparison of Unit Loads Between Test and Control Areas – Mg of P per Ft of Curb
	Slide Number 20
	Slide Number 21
	Slide Number 22

