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Nine study catchments were monitored in three Wisc

Study Objectives

* Determine if removal of leaf litter
results in a detectable change in end-of-
pipe nutrient load

e Evaluate common methods of leaf
collection and street cleaning
technologies and frequencies used by

Oshkosh Wisconsin MS4s
¢

d
Fond du L

4
Madison
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Mean total phosphorus concentration during the calibration period compared to the treatment
period in which there was weekly leaf collection and/or street cleaning
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Evaluation of Leaf Collection and Street Cleaning
Technology and Frequency

7 ”
T2-R1
Leaf Collection Method and Frequency Street Cleaning Method and Frequency
T = Transfer R = Regenerative-air
V = Vacuum-mulch M = Mechanical Broom
1 = Weekly 1 = Weekly

2 = Bi-weekly 2 = Bi-weekly
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Take Home Message...

Important Factors For
Phosphorus
Reduction

Relative importance for phosphorus reduction >

A A /




MS4 Phosphorus
Reduction Credit for
Leaf Collection and
Street Cleaning

* Wisconsin, Minnesota, and New Hampshire have developed
phosphorus reduction credits to MS4s with qualifying street cleaning

programs

Clean Sweep

Recommendations for New and Updated
Credits for Street Cleaning in New Hampshire

Technical Memorandum

September 1, 2022

(‘ PRE P @ ‘ Stormwater Center

BUREAU OF WATERSHED MANAGEMENT
PROGRAM GUIDANCE

WATERSHED MANAGEMENT TEAM
Storm Water Runoff Management Program

Wisconsin Department of Natural Resources
101 S. Webster Street, P.O. Box 7921
Madison, W1 53707-7921

Interim Municipal Phosphorus Reduction Credit for Leaf
Management Programs

Draft Update 07-22-2020
EGAD Number:

This document is intended solely as guidonce and does not contain any mandatory requirements except where

statute or referenced. Any mode by the Department
of Naturol Resources in any matter addressed by this guidonce will be made by applying the governing stotutes and
odministrative rules to the relevant focts

APPROVED:

Brian Weigel, Dircctor Date
Burcau of Watershed Management
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How best to incorporate into models?

Regression models

Measured TDP (g) - Adjusted
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Predictive models of phosphorus concentration and load in stormwater i
runoff from small uwrban residential watersheds in fall season
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* Department of Bislogical Systems Engineering, University of Wisconsin, 460 Henry Mall, Madison, 53706, Unired States
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ARTICLE INFO ABSTRACT

Keywords:
Phosphoruz

Muliple linear regression
Stormwater management
Urban street rees

Leaf management

Urban street trees are a key part of public green infrastructure in many cities, however, leaf litter on strees is a
critical biogenic source of phosphorus (P) in urban stormwater runoff during Fall. This study identified mass of
street leaf litter (Mi..f) and antecedent dry days (ADD) as the top two explanatory parameters that have sig-
nificant predictive power of event end-ofpipe P concentrations through multiple linear regression (MLR)
analysis. My and volume of runoff {Vol) were the top two key explanatory parameters of event end-of pipe P

loads. Two-predictor MLR models were developed with these explanatory parameters using a 40-storm dataset
derived from six small urban residental watersheds in Wisconsin, USA, and evaluated using storms specific to
each study basin. The MLR model validation results indicared sensitivity to storm composition in the datasets.
Our analysis shows selected parameters can be used by environmental managers to facilitate end-of pipe P
prediction in urban areas. This information can be used to reduce the amount of P in stermwater runoff by
adjusting the timing and frequency of municipal leaf collection and street cleaning programs in urban areas.

1. Introduction

Urban stormwater runoff with excessive amounts of nutrients has
significant potential to cause water quality degradation, such as eutro-
phication, in receiving waters (Novoiny et al., zonik et al.,
"002, Francey et al., 2010; May et al., 2013; Melcher and Hm burgh,

017). To mitigate adverse lmpact" and meet water quality targets and
shu]d'u'ds set by regulatory authorities (e.g.. Total Maximum Daily Load
determined by U.S. Environmental Protection Agency under the U.S.
Clean Water Act), an effective stormwater quality management plan is
needed (Settle et al., 2007; Yang and Lusk, 2018). A best management

practice is stormwater source control, or managing stormwater runoff as
its source and preventing nutrients from entering the stormwater
drainage system (Clar et al., 2004; Martin et al., 2007; Landsman and
Davis, 2018).

A key nutrient affecting stormwater quality is phospherus (P), which
is a major contributor to eutrophication in freshwaters (Settle et al.,
2007). In urban residential watersheds, multiple P sources that vary
temporally and spatially contribute to end-of-pipe P in stormwater
(Smil, 2000; Yang and Toor, 2017). Potential P sources in stormwater

runoff include street leaf litter, pet/animal wastes, atmospheric depo-
sition, near-street open lawns/turfgrass, and soil fertilizer (Jassby
1994; Migon and Sandroni, 1999; Brezonik and Stadelma
Némery et al., 2005; Hobbie et al., 2017).

Street leaf litter has been identified as an important P source, espe-
cially in fall seasons, in urban residential watersheds (Dorney, 1986;
Schreeg et al., 2013; Selbig, 2016; Janke et al., 2017). During a storm
event, soluble P from leaf litter is extracted and transported by storm-
water to the watershed outlet through the drainage system, thereby
contributing to end-of-pipe P concentration and load (Allizon et al.,
1998; Schreeg et al., 2013; Janke et al., 2017). Because of the paucity of
in-depth knowledge on the complex generation and transpert mecha-
nisms underlying P in stormwater runoff and the influence of rainfall, as
well as various watershed characteristics (Brezonik and Stadelmann,
2002; et al, 2013; Li et al., 2015), statistical approaches have
shown advantages for quantifying end-of-pipe P concentration and load
(Adams and Papa, 2001; Li et al., 2015). The data needed for estab-
lishing statistical models can be collected through stormwater quality
monitoring programs. Compiling and analyzing monitored data to
develop statistical regression models that predict end-of-pipe P
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Leachable phosphorus from senesced green ash and Norway maple L)

leaves in urban watersheds
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HIGHLIGHTS

GRAPHICAL ABSTRACT

« Treeleaf litter is a source of phosphorus
(P) in urban stormwater runoff.

« Leaflitter P release varies with species,
degree of fragmentation and age.

« Norway Maple leaf litter released more
dissolved P than Green Ash

« Equations were developed to predict
time-variable P release from leaflitter.
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Keywords:

Street trees

Dissolved P

Nutrient leaching dynamics
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In urban watersheds, street tree leaf litter is a critical biogenic source of phosphorus (P) in stormwater runoff.
Stormwater extracts P from leaf litter and transports it, through the storm sewer network, to a receiving
waterbody potentially causing downstream eutrophication. The goal of this study is tounderstand Pleaching dy-
namics of two prevalent tree species (Norway maple (Acer platanoides) and green ash (Fraxinus pennsylvanica))
in three urban residential watersheds in Madison, Wisconsin, USA. Leaf litter was collected from the three basins
during Fall 2017 and 2018. Laboratory experiments showed an initial rapid total dissolved phosphorus (TDP) re-
lease that gradually plateaued over a 48-hour period. The total TDP released from Norway maple (210 mgg™")
was greater than fromgreen ash (1.60mgg™"). Within the same species, increased fragmentation of leaves led to
more rapid initial TDP release, but not greater total TDP release. Increased aging of senescent leaves decreased
total TDP release. Incubation temperature and volume of water in contact with leaves may not be critical factors
affecting TDP leaching dynamics. Predictive equations were derived to characterize time-variable TDP release of
both Norway maple and green ash leaves, Potential TDP release from leaf litter estimated using these equations
was compared with field-measured end-of-pipe TDP loads in one of the study watersheds. Our results indicate
that preventing leaf litter from accumulating in streets is an important stormwater quality control measure.

© 2020 Elsevier B.V. All rights reserved.
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ARTICLE INFO ABSTRACT
Handling Editor: Wendy Chen Integrating tree species diversity into urban forest management can help create resilient tree populations. In this
study, the abundance of trees within families, genern, and species levels was determined through a system
Keywords:

»

WISCONSIN

UNIVERSITY OF WISCONSIN-MADISON

Management

o Midwest Region

Tree Diversity
Urban Foresty

Places'

N)

Acer platanoides 34

Species

e Acer saccharinum 37
Fraxinus pennsylvanica 2l
Gleditsia triacanthos 48
Acer rubrum 25
Acer saccharum 17
Tilia cordata i
Celtis occidentalis 12
Quercus palustris 7

Fraxinus americana 9

2
Mean® g
0.6
0.7
0.5
0.3
0.3
0.1
0.1
0.1
0.1

0.1

:

p

P release (mg P/g leaf)

4.00

3.50

3.00

2.50

2.00

1.50

1.00

0.50

0.00

Cluéter

1
A Cluster

\ 2 Cluster

.

$
I i ‘ .
o B e e L] B e e e
SiM NM GA RM HL  SuM LL LP CP

Species

Cluster
4

@DRP
& TKP




Active Layers

@ Selected v

@ Selected Park Trees v
I @ ROW Trees A~

@ Trees

@ Stump

@ Vacant

O TeD
I @ Park Trees v
‘ @ ~Parks [shapefile] v

Inactive Layers

Selected Layers (0) v

i Q@ e ¢ KQ

0

Welcome, Guest

A 0 [0 ¥

nmunity
i School

Fessert View
GON Chad

O Verane

City of Madison, WI

(3]

]

Map - +
Nelson Rd
>
[x]
(] 8
=
. Luhe
1 Meng
Wddieton
hutemond
Blooming
Grove
Drumlins
Natural... =
3 3
% 2
% =
oy 2
ﬂl g |
or
€
)
Lyt o
e
K
e

|
RO
%

(:.uf.y.w- EB@m Tom, Garmin, SaleGraph, GeaTechnalogies, Inc, METWNASA LUSGS, EBA, NPS
wsoAMsE s

8 Broadhead St
Miles arland 4%




Welcome to the i-Tree Stormwater Credit Calculator!

The i-Tree Stormwater Credit Calculator is designed to help you estimate the reduced pollutant loading and
stormwater runoff from a tree planting project. The goal of this calculator is to provide an accessible, accurate, and

% i-Tree Stormwater Credits Home

i-Iree.

consistent basis to inform stormwater credits for trees.

Users enter the following information:

Species

Diameter at breast height (in)

Impervious cover (%)

Soil type

Land use

Number of years to project tree growth

The number of trees with each configuration

The following information is calculated for all trees in the project:

Annual and average daily reduction in pollutant loading
Annual and average daily reduction in stormwater runoff volume
Nutrient (P) content in annual leaf drop

Status Feedback =

i-Iree

Stormwater Credits

O Get Started

Use of this tool indicates
acceptance of the EULA.




How does leat management influence
downstream BMP performance?

By reducing phosphorus at its
source, do other BMPs gain or
lose efficiency?

......
_______

* Wet ponds
* Are models “double-dipping”?

L T

https://images.app.goo.gl/tk68gkIxcPYCKe2x5
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wrselbig@usgs.gov

Publications:

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.
http://dx.doi.org/10.1016/}.scitotenv.2016.07.003

Selbig, W.R., Buer, N., Bannerman, R.T,, and Gaebler, P. 2020, Reducing Leaf Litter Contributions of
Phosphorus and Nitrogen to Urban Stormwater through Municipal Leaf Collection and Street
Cleaning Practices, USGS Scientific Investigations Report 5109, 17 p.,
https://doi.org/10.3133/sir20205109
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* Wisconsin DNR .
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City of Madison * Fund for Lake Michigan
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