Relationship of Tree Species Diversity and Water Quality

2014 ISA Annual International Conference and Trade Show
Milwaukee, WI
Presented by: L. Peter MacDonagh, PLA, FASLA, ISA, LEED AP, RHS

Lake Calhoun, Chain of Lakes, Minneapolis, MN



Relationship of Tree Species Diversity and Water Quality

Overview: Correlation of Tree Canopy Loss and Water Quality

*Potential Value of Trees
*Challenges Realizing Potential Value
*Canopy Loss
Lack of Species Diversity
*Changes in Hydrology
*Building Resiliency in Our Urban Tree Canopy
*Correlation of Canopy Loss and Water Quality
*Lake Calhoun
*How Resiliency in Urban Tree Canopy can Positively Impact Water Quality
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Image from iTree

There are many benefits of trees to stormwater management. The big three are:
Interception

Infiltration

Evapotranspiration
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The benefits of LARGE trees and stormwater are
well documented, but the average lifespan for

downtown urban street trees is 13 years
from Skiera, B.; Moll, G. (1992) The Sad State of City Trees. Am. Forests. March/April, 61-64.

The potential of large trees is never realized.
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Source: Adapted trom McPherson et al 2006
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DeepRoot
Investment vs.

Returns for Healthy -
Urban Trees: <Pruning

X : *Pests and Diseases
Lifecycle Cost Analysis Infrastructure Repair
eIrrigation
*Cleanup
eLiability and Legal
*Administration
*Bioretention Maintenance

i-Tree Inputs

Benefits

*Energy Savings

*CO2 Storage

*Air Quality

*Stormwater
eAesthetic/Other
*Stormwater Bioretion
*Stormwater Utility Fee Credit

Prepared by: The Kestrel Design Group, Inc.

Investment vs. Returns for Healthy Urban Trees. Why planting a tree correctly matters.
*Net cost of 13-year tree: $3,094
*Net benefit of a 50 year tree: $25,427

*1,000,000 trees planted incorrectly = $3,094,000,000 net loss

KestrelDesignGroup
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Since 1977, a total of
63,700 EIm trees have been
removed in the boulevards
of Minneapolis

In addition, almost 300,000
elm trees have been
removed from the entire

£ ¢ City, with an average DBH
e ‘ ¢ of >30 inches.

In the Late 1800s, American EIm made up 90% of the boulevard trees in Minneapolis
* 1963: First Dutch EIm Disease Detected in Trees

* 1977: 31,000 ElIm Trees Removed

* 1978: 20,000 EIm Trees Removed

e 2004: 10,000 EIm Trees Removed

* 2005-2015: 2,700 Elm Trees Removed, on average

http://princetonamericanelm.blogspot.com/



http://www.minneapolisparks.org/graphics/caring/forest/EAB/EABTapeAndSign.JPG
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Emerald Ash Borer and anticipated impacts on water quality

*i-Tree report shows that 21% of all Minneapolis canopy is made up of ash trees

*Over 200,000 public and private ash trees

40,000 of which are on public property

*Stopped planting ash in 2006

*2014 Canopy Removal and Replacement Plan has been developed

*The City of Minneapolis has approved a tax levy for the work required in the anticipated $9 million dollar
project (Star Tribune, December 2013)

http://www.nyis.info/images/StandingDeaAshStPaulMN.jpg
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Distribution of Tree Canopy Species in Minneapolis (%)
Minneapolis Municipal Tree Resource, 2005, McPherson et. al.
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Large Other

2.6%
Red Maple

Basswood 1.2%

16%

Canopy loss is coupled with the ongoing challenge for urban species diversity
*The current mix of urban tree canopy shows that 54.5% of the City is made up of 3 genera of deciduous trees: Ulmus,

Fraxinus, and Acer.

KestrelDesignGroup



Relationship of Tree Species Diversity and Water Quality

Monthly Rainfall

Average By Month This Yea

2014 To Date

See how total rainfall so far this year compares to average
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Figure 2.16: Percentage Change in Very Heavy Precipitation

Caption: The map shows percent increases in the amount of precipitation falling in very
heavy events (defined as the heaviest 1% of all daily events) from 1958 to 2011 for each
region. There are clear trends toward a greater amount of very heavy precipitation for
the nation as a whole, and particularly in the Northeast and Midwest.

(Figure source: updated from (Karl et al. 2009) with data from NCDC)

Source: National Climate Assessment Draft January 2013;
http://ncadac.globalchange.gov/download/NCAJan11-2013-publicreviewdraft-chap2-
climate.pdf

Now we have a loss of canopy and lack of species diversity, coupled with broad, long-term hydrologic

changes

*The average annual rainfall for Minneapolis is 32.16 inches.
*In 2014, between January and June, Minneapolis has already received 27.26 inches of rain.




Source: The Kestrel Design Group
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How do we begin to build resiliency into our urban tree
canopy so that the potential of trees can be realized?

2013

REF. LINE

2009

2010 2011 2012 v 2013

Height: 12.5’ Height: 14.0’ Height: 14.5’ Height: 16.5’
Canopy Diameter: 5.6 Canopy Diameter: 5.4’ Canopy Diameter: 7.4’ Canopy Diameter: 11.0°

Overview of Yearly Growth:
2010-2013: 4’ taller, 5.4’ wider
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http://urbanext.illinois.edu/soil/less_pIn/color/il.htm
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Typical Loam Soil Profile

Build resiliency by rebuilding the soil so that the potential for trees and soils to work together for
comprehensive stormwater treatment is possible.



Source: www.deeproot.com
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HOW MUCH SOIL TO GROW A BIG TREE?

canopy  trunk diameter
diameter  (DBH)

39 24"

36

32

27

21

PROJECTED MATURE TREE SIZE
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SOIL VOLUME (FT?)

RATIO OF TREE SIZE TO SOIL VOLUME

Soil volumes depicted in this chart is based on the amount of roots loam soil can support with optimum compaction for
root growth.

Several studies’* have calculated a relationship between tree growth and soil volume. Below is an example from one such
study, and its soil volume methodology.

Crown projection (drip line area) Water loss

X

= Volume of w ed by tree daily (water los: = Volume of by the tree , eriod of

This soil volume methodology indicates that every 1 ft* to 3 ft® of soil results in 1 ft? of projected tree canopy diameter. Field
observations indicate that trees that share soil may need less soil volume per tree. For example, 25-year old street trees
sharing soil in Charlotte, North Carolina, with 700 ft? of soil per tree have grown an average of 16" DBH (diameter at breast
height) and have a 98% survival rate. 25-year old trees sharing soil in Bethesda, Maryland with 600 ft° soil per tree have
grown 14°-20* DBH and continue to flourish.

Due to compaction
and poor planning the average lifespan of an urban tree is 13 years.

A

'climat'e
regulation:

STORMWATER STORAGE

The line on the graph is based on 20% soil water holding capacity in a bioretention soil mix. This is a conservative estimate
based on bioretention research’ and soil water properties.?
Total soil porosity

d capacity of

ww.deeproot.com
Deep Root Partners, LP 530 Washington Street, San Francisco, CA 94111.0 2011 DeepRoat Partners LP, All ights reserved. Printed in the U'S 1/11

O

utilities: Locate underground
utilities away from root
systems. Trenching can
cause irreé)arable damage

to roots. Employ tunneling

or trenchless technologies

to promote non-destructive
installation and inspection of
utility infrastructure.

Image Credit 2

planter size: For continuous
planters, allow six feet minimum
width for minor streets and
eight feet minimum width for
major streets. For tree wells,
theominimum area should be 5'
x 10"

soils: Avoid compaction of soils
during construction. Ideal soils
for the planting area are sandy
loam for good drainage or
structural soils if located under
streets or sidewalks.

n

compaction zone

Image from LID-Low Impact Development-a design manual for urban areas

Build resiliency by providing rootable soil volume to build resilience in the landscape.

*1 square unit of projected canopy needs 2 cubic units of rootable soil

*The big 3 of stormwater management by trees: interception, infiltration, evapotranspiration
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Proper Pruning Techniques

-~

Diagram from
Modern Arboriculture
Courtesy of Dr. Alex Shigo =

Undercut (do this first)
Second cut

Final cut (at A & B)
Edge of branch collar
Branch collar

Branch bark ridge

+= |Correct pruning cuts should be made as close
-|as possible to the branch collar. Do not injure

http://www.grofflandscapedesign.com/wp-content/uploads/2013/02/Nursery-1-1000x527.jpg

http://www.texasvictorygarden.com/wp-content/uploads/2012/11/pruning-Ig-limb.jpg

http://www.kidcyber.com.au/topics/soil.htm
Image from heartlandtreealliance.org

_|behind the branch bark ridge.

Build resiliency by increasing species diversity in an urban setting and prevent re-repeating the past.
This can be achieved by:

*providing rootable soil volume

*choosing the right species for the right site and soil conditions
*provide proper planting

*directing stormwater to these trees

*proper maintenance



http://caseytrees.org/resources/publications/treereportcard/2012web/

Exploring the Correlation of Tree Canopy Loss with Decrease in Water Clarity

KestrelDesignGroup



Minneapolis Urban Tree Canopy (UTC)
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Minneapolis is 58.4 square miles (37,376 acres), 6% of which is water.
This equates to 3.504 square miles (2,242 acres) of water.
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Focus on data from Lake Calhoun, the largest, deepest lake in the Chain of Lakes system -
At 87 feet deep, 401 Acres

http://www.panoramio.com/photo/18205519
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Measuring Water Clarity with a Secchi Disk

N

|

<LIGHT PENETRATION

http://www.pca.state.mn.us/index.php/water/water-types-and-programs/surface-water/lakes/citizen-

lake-monitoring-program/index.html

Clear Lake

http://progressivealaska.blogspot.com/2010/09/late-august-early-september-lake.html

Using water clarity as a proxy for water quality

Water transparency is a quick and easy measurement that tells a lot about a lake's water quality

* Itindicates the amount of light penetration into a lake.

* It provides an indirect measure of the amount of suspended material in the water, which in many cases is an indication
of the amount of algae in the water.
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A study completed by Mississippi Headwaters Board and Bemidji University (Krysel, Charles, et al,
2003) found that:

* In Minnesota, if lakes experienced a one-meter change in water clarity, the expected property price changes for these
lakes are in the tens of thousands to millions of dollars.
* Homebuyers are influenced by water clarity when making purchases and are willing to pay more for a better

environment
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Lake Calhoun Lake Clarity Depth Over Time
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There is a correlation to loss of tree canopy and water clarity

Following the removal of Elm trees (during the late 1980s and early 1990s), there was a marked
decrease in water clarity depth in the Chain of Lakes, yet building development remained constant
throughout the contributing sub-watershed around Lake Calhoun.



http://water.epa.gov/polwaste/nps/success319/mn_chain.cfm

Relationship of Tree Species Diversity and Water Quality

; i - Lake of the Iskes
Minneapolis

Chain of Lakes

Loke Colhoun
€3 Grit Chombers

Wetland and
Stormwnrer Fonds

e Shoreline Restaration
a Al Treatments

B Loke Sompling
0 Goose Removal

A Remedial Action Plan was created to restore water quality in chain of lakes IN ADDITION to tree
removal and replacement cost...

In 1990 citizens and interested groups formed the Minneapolis Chain of Lakes Clean Water Partnership (CWP) and started
one of the largest urban lake restoration projects in the United States. CWP established nutrient reduction goals for each

of the lakes in the chain, then set out to accomplish these goals through $12.4 million of rehabilitation actions.

Source: The Kestrel Design Group



Precipitation

Canopy Interception
and Evaporation

Transpiration

Impervious
Pervious
Surface

Evapotranspiration

N

Roots Take Up Soil
Moisture, Increasing
» Runoff Storage

Infiltration Potential

Image from iTree

Building resiliency in how we plant and manage trees allows for the potential of trees to be realized.

KestrelDesignGroup
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Contact Information:

peter@tkdg.net
www.tkdg.net
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