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Trees as Green Infrastructure

Cost effective alternative/supplement to gray infrastructure

Trees provide natural stormwater management

Brings ecological services back into the city

* Trees remove pollutants from the air

* Improves resiliency, attracts investment and increases property
values

* Trees cool the surrounding environment

Solutions ’5.‘%

Naturally

Institute

A Division of The Davey Toee Expers Company

Arborguard
Tree Specialists



., |STORMWATER

THE JOURNAL FOR SURFACE WATER QUALITY PRQF.ESSIO"ALS OR SUHF cE WATEH QUALITY PROFESBK’NA‘-S |

| Tampa Tackles
Flooding

» Tradional gray
Urban Forest ™ [EEEtye
How trees affect stormwater runoff 0}'
¥

\

pryY &)
HTORMINATE RS
reTENTIoN W

LWaLE i
No' TREES, p R2\ED Ei‘:‘_ﬁaaﬂo?

i Vot
OFFICIAL JOURNAL

b -. _
% v
k |
=
B
OF THE INTERNATIONAL — ! =

e kAl T EROSION CONTROL ot (VAT 0>
" ¥ LAVEST AN ASSOCIATION ! 2
o , o b, Restoring Benthic Communibes
e FREnOss T Greening San Francisco
e BMPs for Impesmeable Sols

DAM STABILIZATION CAPPING LANDFILLS PROTECTING INLETS

by

BNtz 11580 O D v A 1]
f//

“

7/~ ___Compost

A The Sustainable Solutlbn

7

',4
’

N
N

Solutions
i, B

Arborguard
Tree Specialists

DAVEY§m
Institute

A Division of The Davey Toee Expers Company
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GREEN STORMWATER
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Ecosystem services provided by urban trees

Air pollutant reduction
O,, NO,, SO,, PM,,

CO, sequestration
Energy savings
» & avoided
i emissions
due to shading

Stormwater runoff reduction
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I-Tree: Putting US Forest Service science into
the hands of users.

* Benefits-based approach

* Based on peer-reviewed research
* Technical support provided

* Continuously improved

A 12 year collaborative effort

e 184,000 users globally

www.itreetools.org
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Geared to showing the benefits provided by trees:

— Carbon Dioxide storage and sequestration

— Air Pollution removal

— Storm Water management
Depending on the i-Tree application, up to six hydrologic
variables may be estimated: -

1. Potential Evaporation
Potential Evapotranspiration
Evaporation
Transpiration

I...

Infiltration

Precipitation Interception et Daveloned  Green Infrestructure

s W

6. Avoided Runoff

Estimations are highly dependent on the leaf area of various
species.
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i-Tree Design
design.itreetools.org

Firetox

g i-Tree Benefit Calculator

Web application peesmESS s
(any web browser) % i-Tree ™ ~ammmtiess | oo matoon €8 pasnens

Forgot Username or Password? Register

Overall Benefits | Stormwater Energy Air Quality Carbon Dioxide
Homeowner / Fracipitation Your selected trees will intercept 6,307 gallons of stormwater

Canopy Interception this year.
and Evaporation p
Transpiration

Parcel IeVeI ‘tOOI Tkl 8 ; Urban stormwater runoff (or "non-point source pollution") washes

chemicals {oil, gasoline, salts, etc.) and litter from surfaces such as
roadways and parking lots into streams, wetlands, rivers, and
oceans. The more impervious the surface (e.g., concrete, asphalt,
rooftops), the more quickly pollutants are washed into our community
waterways. Drinking water, aquatic life, and the health of our entire

Easy to use . . \ ecosystem can be adversely affected by this process.
.

Trees act as mini-reservoirs, controlling runoff at the source. Trees
reduce runoff by:

# Intercepting and holding rain on leaves, branches, and bark

i_Tree Design v6.0* - ’ # Increasing infiltration and storage of rainwater through the

tree's root system
# Reducing soil erosion by slowing rainfall before it strikes the soil

‘ y
| | Y Foots Take Up Soil
Moisture, Increasing
- - Runoff Storage
Infiltration Potential

i-Iree

Design

Enter a street address below to get started:

-or-

Load Previously Saved Project
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iI-Ire€ Trees Evaluated: 1

i-Tree Design v6.0
Tree Benefit Report - 05/07/2018
3560 Stapp Dr, Tucker, GA 30084, USA

Total Projected Benefits (2018-2038) - Over

the next 20 years, based on forecasted tree

B Stormyvvater B Air Guality
O coz W Tatal

growth, i-Tree Design projects total benefits worth

$1,026: 1,100
= $826 of stormwater runoff savings by 1,000
intercepting 83,476 gallons of rainfall & 900
* $19 of air quality improvement savings by & 8009
. ; : S 700
absorbing and intercepting pollutants such as S oo d
ozone, sulfur dioxide, nitrogen dioxide, and -t =00 4
particulate matter; reducing energy production é 400 4
needs; and lowering air temperature 2 3004
* $180 of savings by reducing 10,203 Ibs. of S 200
atmospheric carbon dioxide through CO2 100 1
sequestration and decreased energy production o- y ' ' ' ' J
2018 2021 2024 2027 2030 2033 2037

needs and emissions

W Stormeevater Bl A Qualty B CO2

§13.44

$0.30 §4.08

Figure 2. Annual tree benefits for 2018

ear

Figure 1. Tree benefit forecast for 20 years

Current Year - For 2018, i-Tree Design estimates
annual tree benefits of $17.91:
* $13.44 of stormwater runoff savings by
intercepting 1,358 gallons of rainfall
+ $0.39 of air quality improvement savings
*= $4 08 of carbon dioxide reduction savings
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Individual Tree Benefits
. Benefits
Tree L:.?—:;I Condition LCS)(::JLC;ErteO Current Future Pr$j(;etcatled Total to
Year (2018) | Year (2038) (2018-2038) Date

1. Loblolly pine 10 | Excellent | N/A $13.46 $89.51 $860 $56

2. Loblolly pine 10 | Excellent |N/A $13.46 $89.51 $860 $56

3. Loblolly pine 10 | Excellent |N/A $13.46 $89.51 $860 $56

4. Loblolly pine 10 | Excellent | N/A $13.46 $89.51 $860 $56

5. Loblolly pine 10 | Excellent | N/A $13.46 $89.51 $860 $56

Total $67.30( $447.55 $4,302 $279

Individual Tree Benefits
. Benefits
Tree [:IBni)'l Condition Lgct::lut::c::rteo Current Future Prﬁ’.{f’t‘:led Total to
Year (2018) | Year (2038) (2018-2038) Date

1. Willow oak 10 | Excellent [N/A $17.91 $98.42 $1,026 $74

2. Willow oak 10 | Excellent | N/A $17.91 $98.42 $1,026 $74

3. Willow oak 10 | Excellent | N/A $17.91 $98.42 $1,026 $74

4. Willow oak 10 | Excellent | N/A $17.91 $98.42 $1,026 $74

5. Willow oak 10 | Excellent | N/A $17.91 $98.42 $1,026 $74

Total $89.55 $492.10 $5,129 $372
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For Example,
The Urban Forest in United States Cities :

‘*Annually, sequesters an estimated 5460
million in Carbon

s*Annually, removes pollutants with this
ecological service valued at 53.8 billion
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Nationally, urban forests are
declining, with approximately four
million city trees being lost
annually

Concurrently, the average city gains
approximately 2.8% of impervious
surface
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“The mortality rate for urban trees is
very high, with studies suggesting that

40% to 60% of (newly planted) urban
trees die within the first 10 years”

Bryant Scharenbroch
Director, The Morton Arboretum Soil Science Laboratory

Erik Ness, Digital Library News, December 11, 2015
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An estimated 80% of urban
tree problems can be
attributed to a poor soil
environment
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pH of 6.0 to 7.0 is favorable for

most plant growth
An important effect of pH on tree

growth is the availability of

essential nutrients
At certain pH levels, nutrients may

be made insoluble
* In alkaline soils iron and
manganese may be unavailable
In acidic soils aluminum will

become soluble

S‘%ﬁ%@“”
Arborguard

Tree Specialists

- §395398|835)3 e
' &
1 »
—
—
4+ S——
’ ’
4
A0 3% 44 45 S0 S5 &% &5 70 75 KD As W0
A OC g
DAVEY%W
Institute

A Division of The Davey Toee Expers Company



The Anthropocene Era

 The Era of human influence

* Humans as geologic agents, i.e., we can effect millions of years
of geologic change in days

 Man as the sixth soil forming factor

Anthrosols, the 13t soil order

Presents severe challenges to new tree establishment in these

severely modified soil environments
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Wood
sorrel

Oak tree
Lordsand Dog violet Organic debris
ladies Grasses and builds up Rock
-7 o— small shrubs fragments
Miljpede + .o, Moss and
| Honey v e Al =
O horizon Lrungus [ e Mol [
Leaf litter ;

A horizon

LSS
X
’

Topsoil U {
oS- -
_ P25 ke s O
B horizo = W Bedrock
2
Subsoil 2\ 7 Immature soil

A Division of The Davey Toee Expers Company

S N A -ty v ' Régolith
B 0 LR 5 S <o S5 Young soil
C horizo r Y Pselle corpion .
Parent T - Mite
material i Nematode
Root system
Red Earth Actinomycetes
ungus
Mature soil . Ba terfa 9
© 2007 Thamson Higher Education Springtail Fig. 3-23,p. 68
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Healthy, biologically active soils
are the single most important
factor for tree growth
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N2
Nitrogen in atmosphere

Ingestion Ingestion

Protein in Protein in Protein in
plants herbivores carpivores ¥

p’

Ammonia and
Nitrate absorbed
by plant roots

Protein in dead organic matter
Nitrogenous wastes
(urea, uric acid, ammonia)

Denitrifying
bacteria

Nitrogen-fixing NH3 ! ~NO3
bacteria Ammonia Nitrate

Nitrifying

P il
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Rhizosphere

.
o

«— Root
hair

Vascular
Tissue
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Establishment of Soil Microbiology

Fi
melhwrk | /' / Rain
0 UICIT WOrRS sunlight Plant wilts from ‘ / Ly
moisture stress.  Rain and sprinklers
gplatter and erode
\ \R Mulch keeps sunlight Moisture is lost A nMulched soil.’
Raln from reaching the soil to evaporation.
minimising evaporation.
Mulch Mulched bed  Bare soil / /

s

0‘ \

Soil

.»M

| As an organ ic
mulch breaks down. it releases

» 1]

nutrients that plants use.

<"'§‘°0 o0 o9 §

Weed seeds germinate
when exposed to light,
but stay dormant under mulch.

T

Heat builds up.

Benefits of Composted Wood Mulch

* Reduce evapotranspiration

» Insulates soil from temperature extremes

« Adds soil microorganisms and macroinvertebrates
* Improves soil physical properties
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Gypsum as a Soil Amendment

o Gypsum forms soluble complexes with Al3*
Al**is highly toxic to CaSO, + A ——b  AI(SO,)* +Ca?
most plant roots Corn Root Density (ft/1000 in®)

50 100 150 200
0 T T T

«— Fescue grownin - - r

limestone __~ limestone + gypsum

nutrient solution | " ™
Depth 16 /

containing soluble Al** (inches) | /
(7 P

Al** Concentration (ppm) o Modified from Farina & Channon, SSSAJ(1988)

Figure 2-7. Effects of aluminum (AF*) on growth of fescue. : :
: e e ) i Figure 2-10. Soluble aluminum (AF*) is toxic to plants
(Illustration adopted from Buckman and Brady (1969) and Gypsum can react with AP*, thus removing it from the soil
kindly provided by Dr. Jerry Bigham, The Ohio State solution and greatly reducing its toxic effects on plant roots
University.) (Illustration kindly provided by Dr. Jerry Bigham, The Ohio
: State University.)

* Gypsum is one of the earliest forms of fertilizers, in use for more than 250 years in
the United States

* Gypsum can improve physical and chemical properties of soil

e Currently a large amount of flue gas desulfurization (FGD) gypsum is produced
from coal fired electric generating plants that is suitable as a soil amendment
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The Management of Tree Root Systems in
Urban and Suburban Settings: A Review of Soil
Influence on Root Growth

Gary W. Watson, Angela M. Hewitt, Melissa Custic, and Marvin Lo

siand rees in the BHIl Environment
& & e }"1‘ oy f b : -~
[ { 3 3 . .

SpREre

.

Biochemistry di

: S atihe
OrgSoil—Plonf Interface
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David Dechant LEED® AP, SITES® AP

ISA Board Certified Master Arborist
ISA Certifled Municipal Specialist
ISA Qualified Tree Risk Assessor

Arborguard Tree Specialists
ddechant@arborguard.com
404-354-2638
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