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Executive Summary

From June to August of 2025, DRG took inventéhuskegon’s public Calculating Tree Benefits

trees.

The benefits of Muskegon’s inventoried

Sites point data oftrees andnon-treesitesthat we collected during the  ¢rees presented in this plan are calculated

inventory. We assesgd and recorded location, tree and risk data.

‘Sites’referto anydata we collected as part of the inventgrincluding

tree- and nontrees.

e Also known as: inventoried trees, public trees, community
trees, assessed tree population, tree population ofinterest,
inventory data

Trees: existing sites that have a known species.
Norttrees Vacant (planting sites), stumps, and unknown/dead trees.

After the inventory, we compiled this Inventory Analysis &

Maintenance Strategy (IAMS). Here you will find data summarized by
species, size, defect, condition and maintenance. We also include the
estimated ecological benefits provided by Muskegon’s existing trees.

i-Tree is software used to calculate the ecological benefits
associated with inventoried trees. iTree reports values in US

usingi-Tree Eco

i-Tree is the industry recognized suite of
tools used to measure and quantify the
ecosystem benefits that trees provide.

i-Tree is a partnership between the USDA
Forest Service, The Davey Tree Expert
Company, the Arbor Day Foundation, the
International Society of Arboriculture,
Society of Municipal Arborists, Casey Tree
and SUNY College of Environmental
Science and Forestnyt was released in
2006,and its models are updated regularly
based on the latest science and research.

AIR POLLUTION
dollars for each category of environmental benefits: REMOVAL
stormwater and air pollution reduction and carbon 7.897 tons
sequestration. DI
Muskegon’s inventoried trees have an estimated replacement
value of over $60.7 million and provide $212,600 annually in ReplacementValue
stormwater, air quality, and carbon benefits each year. e TR
Funding and support for Muskegon’s public trees is crucial Avoided Stormwater Carbon Sequestration
for maximizing tree benefits, reducing tree care costs over Runoff 244.1 tons
. . . . 3.726 million gallons
time, and increasing the value ofthe urban forest. While - 005 $106,000

other municipal infrastructure loses value over time
(depreciates), the value of public trees increases
(appreciates).

In the final section we provide a sample budget and maintenance schedule (Table 7). High priority tree

removal and pruning make up a significant portion ofthe Year 1 budget. Tree maintenance costs will generally

decrease and become more stable in later years. We focus on a proactive tree maintenance strategy to

eliminate hazardous tree conditions as soon as possible and prevent minor tree defects from deteriorating.

Davey Resource Group, Inc.
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Inventory Analysis Summary

Inventoried Sites

Total Sites= 14436
**Stumps =198**
**Unknown / dead = 58*
TreeSites=14183

Stocking Level

Top 5 Inventoried Species

“Stocking level” refers to the ratio of sites in the
right-of-way (ROW) occupied by trees to the total| aj pollution Removal =7%3,600
street ROW sites suitable for tre€Ehis is not
applicable to Muskegon. We did not collect vacan
planting sites during this inventory.

Annual Benefits
Avoided Stormwater Runoff =38,000

Carbon Sequestration =196,000

Top 5 Inventoried Genera

Red maple 10.4 Maple 41.3
Norway maple 9.8 Oak 18.7
Silver maple 8.8 Elm 4.6
Freeman maple 8.6 Apple 3.1
Northern red oak 7.0 Pine 3.1

More than 10% ofone species in a tree population exceeds industry
recommendations.

More than 20% of one genus in a tree population exceeds
industry recommendations.

We excluded **non-tree sites** to calculate the percentages on this page.

Relative Age Distribution

We approximate the ages oftrees using their diameter in inches at
breast height (DBH). The relative ages oftrees in Muskegon:

e 27.9%young (0-8”). ndustry guidelines: 40%

e 22.6% established (9-17”). Industry guidelines: 30%
e 19.5% maturing (18-24”). Industry guidelines: 20%
e 29.9% mature (>24”). Industry guidelines: 10%

Infrastructure Conflicts
Ofthe 14,183 tree sites, we found and recorded:

e 16.7% with overhead utilities.

e 11.0% conflicting with overhead utilities, meaning the tree was:

o Incontact with communication lines

o 10’orless from electrical lines. This is the minimum
approach distance for working around power lines.

Growing Space

e 20.7% of'sites had nearby hardscape damage.

Pest Susceptibility

The following insects and diseases pose the greatest threat to
Muskegon’s urban forest (% oftree population at risk):

e Spotted lanterfly (70.8%)
e Fastern tent caterpillar (67.6%)
e Asian longhorned beetle (49.3%)

Condition
Ofthe 14,183 tree sites, there were:
e 24% in Good or Excellent condition.
e 15.2% in Fair condition.
e 1.4% in Critical condition.
e 1.2% Dead.
Defect Observations
Ofthe 14,183 tree sites:
e 34.2% had root, trunk or branch injury.
e 31.8% had no significant defects. “NONE”
e 13.6% had cavities or decay.
e 9.6% had poor structure.
e 2.6% had ‘serious decline’.
e 2.2% had mechanical damage.
e 1.24% had poor locations.
Davey Resource Group, Inc.
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Tree Removal

Trees designated for removal have defects that
cannot be costeffectively or practically
corrected. Many of thdrees in this categonhave
a large percentage of dead crown.

Recommended Maintenance

1386removals(total)
25High-Risk removals 574Low-Riskremovals

787 ModerateRisk
removals

198 stump grindings

Priority Pruning (Tree Cleans)

Priority pruning removes defects such as dead
and dying parts or broken and/or hanging
branches. Pruning the defective part(s) can lowe
risk associated with the tree while promoting
healthy growth.Also known as ‘cleaning prunes.

Total =3004 trees for priority pruning, including:
22 HighRisk trees to prune
1647Moderate-Risktrees to prune

Routine Pruning Cycle(Discretionary /
Routine pruning)

Over time, routine pruning of LowRisk trees can
minimize reactive maintenance, limit instances
of elevated risk, and provide the basis for a
robust risk management program.

Discretionary:7283trees/ five-year pruning cycles

Low-Risk trees to prune: 1335 / fiwgears

New Tree Planting

Planting new trees in areas that have poor
canopy continuity or sparse canopy is important
to ensure that tree benefits are distributed
evenly across the city.

Planting goal: 2:1 replacement to removal ratio

Young Tree Training(YTT)Cycle

Youngtrees may havébranch issueghat lead to
structural problems asthey age. Taining prunes
ensure healthy growthWe train young trees
from the ground with pole prunes or sheass.

Total =2565YTTs prescribed / thregear YYT cycle

= 855 training prunes per year

Routine Inspection & Inventory Updates

Routine inspections and inventory updates are
essentialfor finding potential issueswith trees.
Use aqualified arborist who is trained in the art
and science of planting, caring for, and
maintaining individual trees.

Total =12,851trees not recommended for removal

= 2570 inspections annually over fiwgars

Davey Resource Group, Inc.
Tree Inventory Analysis & Management Strategy
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Introduction

Muskegon is home to ove88,000residents benefiting from trees in their communitiluskegon’dDepartment
of Forestry/ Public Worksnanages all trees, stumps, and planting sitgsoughout the public rights-of-way
(ROW) andertain properties (parks,cemeteries,and ‘no-sell’ properties)

Between June and August of 2023RG collectediata on Muskegon’sirban forest todevelop this Tree
Inventory Analysis & Maintenance Stratedyis plan considers the diversity, distribution, and condition of
inventoried treesto systematicallymaintain and improveMuskegon’surban forest

The sections of this plan are as follows:
e Section 1Structure and Compositionsummarizes species, condition and sizeiafentoried trees
o Section Zunctions and Benefiteestimated value oEcologicalbenefits providedby the urban forest.
o Section 3Recommended Maintenancenaintenance schediihg & an estimatedfive-yearbudget.

Our goal with thisinventory Analysis & Maintenarn8&alegyis to helpMuskegonunderstand the current state
of its public trees, set goals, anticipate future needs, and focus on proactive maintenance.

The Urban Forest Program Continuum (showntbe next pagé outlines the steps to effectively and
sustainablycare forMuskegon’aurban forest. The continuum includeadditional plansto support
Muskegon’aurban forest,such as

o Urban Forest Management Plamhich establishes a detailed-3o 5-year work plan to address risk
and maintenance needs using current tree inventory data to streamleskegon’surban forest
management program.

o AnUrban Forest Master Plarngagesstakeholder and community members to provide a
comprehensive vision for the future of the City’s urban forest, with recommendations and a road map
of action steps to reaciMuskegon’surban forestry goals.

Davey Resource Group, Inc.
Tree Inventory Analysis & Management Strategy
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URBAN FOREST
PROGRAM CONTINUUM™

STAY ON TRACK FOR SUSTAINABLE GROWTH
Bslow are the steps that urban forest programs {ake to create ard maintain
tha healthisst and maost reslient urban forest possiole. Each companent
creates a strong foundation of strategic plarning, program
furding, and community suppart which reaults in thriving
wrban forests.

URBAN FORE ISTER PLAN
20-year Visio

Urban Tree Caflopy Analysis

Davey Resource Group, Inc.
Tree Inventory Analysis & Management Strategy
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Section 1: Structure and Composition

DR Arborists collected data on trees Trees & Stumps - Location Tvbes - Muskedon
and stumps alongstreet Rightof-Ways 12500 ps - ypes - g

(Rowsand throughout public 10508 B Streets Public Properties
propertiesin MuskegonWe

inventoried 144 36sites, with75% 10000

collected along the street ROW and
25% collectedon public property
(Figure 1). See AppendBfor detailed
information on the datacollection
methods used in this inventory 5000

7500

Number of Sites

Figure 1. $tesinventoried by DRG
Arborists, separatedby location and 2500

type. Stumps & Unknown / dead

trees are considered nontree sites. 198 47

They are not included in iTree’s Trees Stumps Unknawn /dead
estimated ecebenefits, nor in the
summary above.

3574

Figure 1. Sites inventoried by DRG Arborists, separated by location and -

The following figures show Muskegon’s inventoried tree population up against industry standards for species,
genus, and family diversity. These are called the 10%, 20%, and 30% rules respectively.

SpeciesGenus, andramily are terms used to group and nanoeganismsbased on shared characteristics. We
call this system taxonomy. Evetiying thinghas a taxonomic designatiorwhich arenamesin Latin.

Genus + specific epithg¢sometimes called ‘speciesy Taxonomic name (in Latin)

For exampleSugar maple (Acer saccharum):

Sapindacea—Family

Acer—Genus

saccharum—specific epithet

Families are larger and more broadly defined groups of organisms than a genus (plural: genera).

Family Names:

Fagaceae-Oak
Sapindaceae-maple
Pinaceae-spruce, pine
Fabaceae-Honey locust, Black locust...
Rosaceae-apple, pear, hawthorn

Davey Resource Group, Inc.
Tree Inventory Analysis & Management Strategy
Page 1l



10% Rule - diversity by Species

0 Muskegon == == Industry Recommendation

0126 —

Percent of Inventoried Tree Population

& & & & .bﬁ & Fs“ & . & & AT N N
& 47 & & kS . = #
‘@“ @ﬁ 0‘4@“ f 4 @v"\ vﬁa“ o a_eﬁé « o o @f &

Common Name

Figure 2- Most common tree species in Muskegon. For planting programs, choose species below the
industry recommended threshold.

20% Rule - diversity by Genus

05 —

B Muskegon == == Industry Recommendation

Percent of Inventories Tree Population

Maple Oak Elm Apple Pear Honeylocust

Figure 3-Most common tree genera in Muskegon. For planting programs, we would choose trees from
less common genera (Elm, Apple, Pear, Honey locust, and others).

Davey Resource Group, Inc.
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Page 12



06 —

30% Rule - diversity by Family

I Muskegon == == |Industry Recommendation

Percent of Iventoried Tree Population

Sapindaceas Fagaceae Rosacear Fabaceae Ulmaceae

Figure 4—the most common tree families in Muskegon. For planting programs, choose trees in less common families
(Fagaceae, Rosaceae, Fabaceae, Ulmaceae).

SPECIES & GENUS DIVERSITY

Diversity within plant communities is important for increasing their resistance and resilience to disturbance
(see side panel, “The Importance of Species Diversity”). TR2080 rule is a common urban forestry industry
metric for tree species diversityiwhich a single species should compose no more than 10% of the

population, a single genus no more than 20%, and a single family no more than 30%. Some communities may
be in the position to pursue more aggressive diversity goals, such ad @%b metric.

Davey Resource Group, Inc.
Tree Inventory Analysis & Management Strategy
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SPECIES & GENUS DIVERSITY RECOMMENDATIONS

Avoid or limit planting ofMaple and Oaklncrease planting of

uncommon species and genera which are performing well in

S _ THE IMPORTANCE OF
Muskegon. This list is not exhaustive. DIVERSITY
e Shade trees to plant:
The Dutch elm disease epidemic of the 1930s
o Hybrid elms (Ulmus x) provides a key historical lesson on the
o Honey locust (Gleditsia tricanthos v inermis) importance of diversity. The disease killed

millions of American elm trees, leaving behind
enormous gaps in the urban canopy of many
o Linden (Tilia cordata or Tilia americana) communities. In the aftermath, ash trees became

. . . popular replacements and were heavily planted
o Ginkgo (Ginkgo ginkgo) along city streets. History repeated itself in 2002

o Catalpa (Catalpa speciosa) with the introduction of the emerald ash borer

o Sycamore or planetree (Platanus species)

into the US. This invasive beetle continues to
devastate ash tree populations across the

o Hackberry (Celtis occidentalis)

o Coffee tree (Gymnocladus dioicia) country.
e Ornamental, flowering, or fruit trees:
] Other Invasive pests and diseases, severe
o Apple (Malus species) weather events, and climate change threaten our
o Cherry (Prunus species) urban forests today, so it's vital that we learn

. . from history and plant a wider variety of tree
o Redbud (Cercis canadensis) species and genera to develop a resistant and

o Serviceberry (Amelanchier species) resilient public tree resource.

e large trees are not always good street trees.

e Remove volunteer trees that have invasive tendencies
while they are small. These include:

o White mulberry (Morus alba)
o Tree ofheaven (Ailanthus altissima)

o Buckthorn (Rhamnus)

Davey Resource Group, Inc.
Tree Inventory Analysis & Management Strategy
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PEST SUSCEPTIBILITY

The arly identification ofpestsand/or
disease infestatioris crucial to protecting Pests of Concem - Muskegon,
Muskegon’surban forest.When nfestations
aresmall andstill limited to a smalltree
population they are easier to manage. For sastem et saterpilar
this reasonwe highly recommend ongoing
monitoring and regular inventory updates
to catch and limit the spread of potential
pests.

=

spotted lanternfly

Asian longhorned heetle
European spongy moth

lecanium scale

Pestsand diseasesisually havepreferred
tree species and generas hostsbut
infestations are impossible to predict. We
use known hosts and pests of concern in thi whilspine sy
analysis.It may underestimate the true

risks that tree pests poseto Muskegon.

Heterobasidion root
disease

Invasive Pests with a Regional Presence

Oak wilt

spruce decline

eastern spruce budworm

Wecan reduce pest related risks with
well -planned planting and removal e
programs' 0.00% 20.00% 40.00% 60.00% 80.00%

Percent of Inventoried Trees Susceptible

It is important to remember thafigure 5

only reflectsdata collected during the Figure 5 - Pest Susceptibility in Muskegon

inventory. Moretrees throughoutMuskegon

such as those on private property, may bbleto host these pestsSome of these pests are not common or
their status is unknown in Muskegon.

PEST/DISEASE SUSCEPTIBILITY RECOMMENDATIONS

e Monitor trees for signs and symptoms of pests and diseases on a regular basis. Include pest-
monitoring activities as part of other routine maintenance, like pruning.

e |dentify any pests present and begin management at the earliest possible signs of an infestation.
e Prepare an invasive species management plan to guide responses to future pest issues.

e Spotted lanternflies use many species as a host, but they prefer Tree of heaven. Consider eliminating
Tree of heaven populations to reduce Muskegon’s risk to Spotted lanternfly.

e When planting trees, select pest- or disease-resistant species or cultivars whenever possible.

Use preventative pesticide treatments on high-value or historic trees that are susceptible to problematic pests
and/or diseases in Muskegon.

Davey Resource Group, Inc.
Tree Inventory Analysis & Management Strategy
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Search for additional resources about pests and diseases from the following agencies:
e Michigan Department of Natural Resources
e Michigan Department of Agriculture and Rural Development (MDARD)
e United States Department of Agriculture (USDA)

e Michigan State University Extension Office

CONDITION

During the inventory, each tree was assigned a

condition rating based on several factors, o = . Ze,?dl
including root characteristics; branch structure, Pg;:a
trunk, canopy, and foliage condition; and the Fai

presence of pests or diseaséhen we chose the ¥ oo

most appropriate condition ratingExcellent, 4 B Excellent

Good, Fair, PooCriticalor Dead.

Figure6 provides the condition rating
breakdown for street and park trees in
Muskegon Most trees were in Good or Fair
condition (83%).17% ofMuskegon’s treesvere 15%
in Poor, Critical oDead condition.

20%

CONDITION RECOMMENDATIONS 0% —

e Dead and dying trees should be ) B ) )

o Figure 6. Tree health / condition ratings oftrees in Muskegon.
removed as soon as possible in order of
priority (highest to lowest risk) to
eliminate public hazards, create space for new planting, and improve the appearance of Muskegon’s

streets and parks.

e Monitor Poor condition trees that are not recommended for removal. After Pruning hazardous parts,
check the tree’s health periodically.

e Condition ratings can improve over time with proactive maintenance schedules:
o Routine pruning cycles (RPC)
o Youngtree training cycles (YI'T)
All tree pruning should follow ANSI A300 (Clause 5) guidelines.
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RELATIVE AGE DISTRIBUTION

We aalyzethe relative age distributionin anurban forest byassigningan ageclass toa range ofliameters
(DBHSs) For exampleyoung trees are 8nches (8”)n DBHor smaller. We cannot determine a treedstual

agelike this, but we carapproximateits agerelative toother trees Sincetrees havedifferent maintenance
needs at the varioustages otheir development we use relativeageto inform our management strategy.

Thesesize classes are based on the industecognized idead forrelative age distribution
40%Young tres: 068” DBH
. Muskegon currently has 28% young trees.

. We can increase this to our goal 0f40% by planting new, young trees.

Relative Age Distribution - Muskegon, Ml

04 —

Percent of Inventoried Trees

Young (0-8") Established (9-17") Maturing (18-24") Mature (>24")

Relative Age (Diameter Size Class)
Figure 7 —Relative age distribution oftrees in Muskegon, ML

30% established: DBHrange 9-17”

e Muskegon’s current proportion ofestablished trees is 23%.

¢ Maintain and train young and established trees to increase the portion of established trees in
Muskegonto the 30% goal.

20% Maturing trees: DBH range-28” (GOAL MET)
10% Mature trees: DBH range >=25"

e Focus on removals of mature trees (high and moderate risk first)

Davey Resource Group, Inc.
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Figure8 compares tree condition ratings across the relative age classes for inventoried trees. Trees across all
age classes argenerally in Fair condition, except for the young age class. In general, trees in the young age
class are more likely to be igood condition, while maturing and mature age classes are more likely to have
trees in Poor condition.

RELATIVE AGE RECOMMENDATIONS
e Muskegon’s trees are aging. Focus on proactive care for large-stature trees, especially removals.
e Succession planning: as we remove mature trees, we plant young trees in their place (replacement).

e Youngtree training programs - structurally prune small trees to ensure good form and improve health
as they establish and mature.

e Street planting programs can begin before removals, if schedules and resources allow.

e Routine, proactive maintenance, such as young tree training and routine pruning, may help improve
tree condition, particularlyamong maturing and mature trees.

B Good M Fair FPoor & Dead

Mature
(>24")

Maturing
(18-24"

Established
(9-17"

Relative Age Based on Size Class

Young
(0-8")

0.2 0.4 0.6 0.8
Percent of Muskegon's Urhan Forest

L]

Figure 8. Inventoried tree condition ratings compared to age class.
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DEFECT OBSERVATIONS

During the inventory, arborists took note of damage, decay, structural flaws, pests/diseaseljead parts of
and recorded these observations for easlie. Where a tree had more than one defectwe record the most
significant defect (i.e., the defect causing the greatest detriment to the tree and/or most likely to cause
whole or partial tree failure within a yearlf we did not find any significant defects at the time of inspection,
we recorded the defect as ‘None.’

DEFECT OBSERVATION RECOMMENDATIONS

Root, trunk and branch injury are the most common defects we noticed in Muskegon. This includes

dead, dying, broken, hanging, and/or diseased branches.

o Routine / proactive pruning will improve the health ofthese trees and reduce the risk associated

with dying branches. Removal ofdead limbs also improves the visual aesthetics oftrees and may

help improve public perception of Muskegon’s tree care.

Structural pruning while trees are young can help improve defects like poor structure or improper pruning. See

Young Tree Training for more information.

Table 1 - Defect observations for sites in Muskegon

Defect Count (# of trees) oc::irr(;::::e
Percent Of Root Trunk Or Branch Injury 4867 34.32%
None (no significant defects) 4516 31.84%
Cavity/Decay 1928 13.59%
Poor Structure 1365 9.62%
Serious Decline 369 2.60%
Mechanical Damage 309 2.18%
Remove Hardware 288 2.03%
Poor Location 176 1.24%
Memorial Tree 95 0.67%
Pest Problem 68 0.48%
Improperly Pruned 42 0.30%
Grate/Guard 20 0.14%
Improperly Installed 11 0.08%
Cables/Rods 3 0.02%
‘N/A’ OR ‘Other’ 126 0.89%
Total 14183 100.00%
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INFRASTRUCTURE AND GROWING SPACE

In developed settings, like a street, growing space for trees can be limited both above and below ground. To
maximize tree growth, health, and benefits, it is important to consider the amount of space available (above
and below ground) for a tree to grovdelecting “the right tree, for the right place” not only positively impacts
tree health and vigor, but it can improve public safety, reduce utility outages, increase walkability, reduce
sidewalk/hardscape damage, and ensure compliance with the Americam Wiisabilities Act (ADA). During
Muskegon’dnventory, we recordedconflicts between trees anaverhead utilities (Table 2)and nearby
hardscape damage (Table 3).

Table 2- Infrastructure conflicts recorded for sites in Muskegon.
Conflict Street Trees (%) of urban forest
Not Present 12065 83.6
Present & Conflicting 1559 10.8
Present & not conflicting

Total 14436 100%

Table 3—Hardscape damage recorded for sites in Muskegon. This reflects displacement in
the sidewalk around the base of a tree and is a potential trip hazard.

Hardscape Damage

Severe (2.5"+) 2%
Moderate (12.5") 773 5%
Light (00.5") 1,877 13%
N/A 11,471 79%
Total 14,436 100%
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INFRASTRUCTURE RECOMMENDATIONS

¢ Plant only small stature trees beneath or near

overhead electric utilities. DRG RECOMMENDED MINIM
 Consider looking for dwarf cultivars of typically SPACING FOR TREE PLANTI

large-stature trees to diversify smaktature Overhead Utility Clearances:

planting lists.
Small trees (>30 feet tall at maturity) can

be within 20 feet.

Medium trees (30-45 feet tall at maturity)
should be planted 20 feet or further.

Large trees (>45 feet tall at maturity)
should be planted 40 feet or further.

o Tree roots can damage water and sewer pipes,
gas lines, and electric conduit. Install ing and
maintaining these utilities often damages tree
roots, and leads to tree failure, reduced tree
vigor, and/or treedeath.

¢ Plant trees at least 5 feet from underground
utilitiesto allow room for large, structural roots
to develop without impacting the utility Consult
municipal engineers and/or utility companies

Contact local utility companies for specific local distan
requirements.

Other Infrastructure Clearances:

for help. 40 feet between large trees
e Also consider onflicts with other infrastructure 30 feet from intersections (approaching
such as buildings, road signage, streetlights, a traffic)
driveways Muskegonshould develop and 30 feet between medium trees

document required clearancaeedsfor 20 feet from fire hydrants

different types of infrastructure. F e e el e

GROWING SPACE RECOMMENDATIONS 15 feet from utility poles, streetlights,
buildings
e Right tree, right place. Select tree species based

10 feet from driveways, intersections

(retreating traffic), crosswalks, important
planting site. Set required growing space street signage

on root system characteristics that match the

dimensions and/or soil volumes for various sizes 5 feet from underground utilities

oftrees. Planting only small trees where the

growing space and soil volume is restricted will e ST Rl iR

help reduce damage to trees and infrastructure. Small trees - 4 feet x 4 feet
e Develop design standards for sidewalks, roads, Medium trees - 6 feet x 6 feet
and other hardscapes that are tree friendly and Large trees- 8 feet x 8 feet

allow a tree to grow without causing future
conflicts.

e (Collaborate with city planners, engineers, and

public works. Considering trees early when
repairing or redesigning streets and sidewalks ensures trees can be a productive part ofthe new
streetscape.
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Alternatives to small growspaces:

o Enlarge planting wells, or site them on the back edge ofthe sidewalk adjacent to lawns
o Create new wells, lawns, and/or traffic bump-outs.
o Silva Cell/ structural soil technology.

Ifpossible, reroute sidewalks or build temporary ramps over tree roots. Sidewalk repairs may require
tree and stump removal.

City streetscapes must balance needs for driving, parking, pedestrian access, overhead and
underground utilities, street furniture, signage, lighting, winter snow removal, and many other
considerations. Some areas willnot be suitable for trees, and alternatives to street planting should be
used in these areas instead of planting street trees.
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Section 2: Functions and Benefits

Trees play a vital role in the environment by providing a wide array of economic, environmental, and social
benefits which far exceed the investments in planting, maintaining, and removing them. Trees reduce air
pollution, improve public health outcomes,aduce stormwater runoff, sequester and store carbon, reduce
energy use, and increase property value, among other benefits.

Environmental Benefits

Trees decrease energy consumption and moderate local climates by providing shade,
cooling through their transpiration processes, and acting as windbreaks.

Trees act as mini reservoirs, helping to slow and reduce the amount of stormwater runoff
and pollutants that reaches storm drains, rivers, and lakes by6P% (Johnson et al.

2017).

Trees reduce greenhouse gasses that can trap and retain heat in the atmosphere and
cause the city to get warmer.

Trees can reduce stredével air pollution by up to 60% (Coder 1996).

Trees stabilize soil and provide a habitat for wildlife.

Improved Public Health

Trees have been shown to prevent 1,200 hezlated deaths each year in the US
(McDonald et al. 2020).

By intercepting particulate matter, trees save over 850 lives and prevent 670,000
incidents of acute respiratory symptoms in the US each year (Nowak et al. 2014).
Hospital patients recovering from surgery who had a view of a grove of trees Through
their windows required fewer pain relievers, experienced fewer complications, and left
the hospital sooner than similar patients who had a view of a brick wall (Ulrich#198

1986).

When surrounded by trees, physical signs of personal stress, such as muscle tension and
pulse rate, were measurably reduced within three to four minutes (Ulrich 1991).

Increased Safety & Community

Treelined streets slow traffic and are safer for drivers, pedestrians, and cyclists (Swift
al. 1997, Ewing & Dumbaugh 2009).

A 10% increase in neighborhood tree canopy cover has been associated wit %2
reduction in violent and property crimes (Gilstaddayden et al. 2015, O’Ndillunn 2012).

Economic Benefits

Properly placing three trees around a home can reduce energy costs for the average
household by $100 to $250 per year, while shading air conditioning units can help them
run up to 10% more efficiently (U.S. Department of Energy, n.d.).

Trees in a yard or neighborhood increase residential property values by an average of
10% (USDA Forest Service 2011), and commercial property rental rates are 7% higher
when trees are on the property (Wolf 2007).

Shoppers spend more time and money in shopping districts with mature, healthy tree
canopies, and are willing to spend % more at businesses with trees in front of them
(Wolf 2005, Hughes 2013).
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I-TREE RESULTS

DRG usedTree Eco, a tool within theTree suite, to model benefits provided Bfuskegon’snventoried

sites. FTree Eco combines tree inventory data with local air pollution and weather data to quantify the
environmental benefits of a community’s trees (Table 4). By framing trees and their benefits as dollars saved
per year, iTree models can help communitiesnderstand trees as both a natural resource and an economic
investment. Understanding the composition, function, and economic value of trees is essential for making
informed planning and management decisions. This knowledge helps to better understand thess affect
human health and environmental qualitand empowerMuskegorto advocate for heir urban forest.

Table 4. Summary of benefits provided by the most common inventoried trees.

Percent Of Carbon Carbon Runoff | Air Pollution | Replacement
Species Count Total Storage Sequestered  Avoided Removed Value
(Ton) (Ton/Yr) (Gal) (Lb/YTr) %)

Red maple 1,479 10.43% 1,480.78 34.52 266,201.69 0.74 4,965,630.95
Norway maple 1,393 9.82% 1,079.12 23.92 170,481.86 0.47 4,430,524.15
Silver maple 1,257 8.86% 2,267.62 28.12 364,668.61 1.01 5,267,110.56
Freeman maple 1,218 8.59% 1,578.62 25.31 322,176.29 0.89 4,822,340.24
Northern red oak 986 6.95% 3,039.60 30.01 228,640.35 0.63 10,618,320.19
Black oak 717 5.06% 3,616.24 28.08 176,454.41 0.49 9,751,590.11
Siberian elm 509 3.59% 697.92 11.77 70,521.02 0.20 1,194,781.41

Apple spp 442 3.12% 43.51 1.50 6,281.48 0.02 195,436.84
Sugar maple 425 3.00% 829.80 7.55 94,069.85 0.26 2,664,225.69

Callery pear 398 2.81% 76.21 2.76 17,396.92 0.05 341,975.31

Thornless honeylocust 367 2.59% 165.39 3.57 28,175.93 0.08 719,993.43

ANNUAL BENEFITS

The iTree Eco model estimates the annual value of three environmental benefits: carbon segpesstir
pollution removed and stormwater runoffeduced The model also calculates the lifetime carbon storage of
inventoried trees as well as their replacement value. The inventoried tredduskegon’sprovide over
$212,6000f air quality, stormwater management, and carbon sequestration benefits each year

Different tree species provide varying levels of benefits.
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Table 5 summarizes the key tree species thahtribute the mostto Muskegon’sannual benefits based on the
results of the iTree Eco analysis of the public tree inventoBpruce, pine and fir provide extra benefits
because they are evergreen (they keep their leaves in the winter). Beech and oak araajtsocontributors

to the annual quantifiable benefits within the public tree resource.

Table 5. The inventoried species which provide the greatest

annual benefit per tree.

Species ‘ Annual Benefits Per Tree($)
Norway spruce 51.15
Scots pine 39.99
Beech spp 37.39
Red pine 34.08
Pin oak 31.89
Japanese black pine 30.99
Austrian pine 28.82
Eastern white pine 27.76
Black oak 25.72
Douglas fir 25.03

IMPROVING AIR QUALITY

Trees and other vegetation improve air quality by
intercepting and filtering particulate matter from
the air, including dust, ash, pollen, and smoke.
Their leaves also absorb harmful gaseous
pollutants like ozone, nitrogen dioxide, and sulfur
dioxide; and reduce ozone formation by shading
surfaces and reducing air temperatures. Since
airborne pollutants can have serious effects on
human health, this benefit is extremely important,
especially in heavily developed areas. 34.6% of
Muskegon’s annual public tree benefits are
associated with air pollution removal derived from
the air pollutant removal.

The inventoried trees in Muskegon remove 16,000
pounds ofairborne pollutants each year; a service
valued at $73,580 (Table 4).

Total Estimated Ecological Benefits

@ Carbon
Sequestration

© Avoided Runoff

& AirPollutant
Removal

Figure 9 — Total estimated ecoBenefits provided by Muskegon’s
urban forest.
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SEQUESTERING AND STORING CARBON

Trees are carbon sinks, which means they absorb carbon from the atmosphidre opposite of carbon
sources which produce and emit carbon into the atmosphere. While carbon is released from fossil fuel
consuming vehicles and smokestacks, it is absorbed be$during photosynthesis and stored in their tissue
as they growMuskegons Urban Foreshas storedan estimatedtotal of 18,999 tons of carboto date, valued
at $8.22 million Annually, Muskegon'’s public trees segster (absorb) an estimate@&44 tonsof carbon each
year, valued at $05605

CONTROLLING STORMWATER

Trees play a significant role in local hydrology and water cycling, helping
to reduce the amount of stormwater runoff during rain events (Figd®.
Since stormwater runoff can cause infrastructure damage and flooding,
reducing the amount of precipitation that becomes surface runoff can
save a community costs in infrastructure repair and flood mitigation. The
inventoried trees inMuskegondivert 3,723647gallons of stormwater each
year valued at $3,275Table 4).

REPLACEMENT VALUE

Replacement value is the approximate cost to replace an existing tree with
a tree of a similar size and speciéXing this is notalways reasonable. dr
example,we would not replacea 2@inch diameter tree with another tree

of similar size butreplacement value cagive us aridea of the overall

Roots take up soil moisture,
value of trees irMuskegon increasing runoff storage potential

Figure 10 - Hydrological functions oftrees.

In total, Muskegoris inventoried trees have a replacement value &0%7 . o
; ) ) Source: ‘Stormwater to Street Trees: Engineering

million. Table 6 comparetees with thehighestoverallreplacement Urban Forests for Stormwater Management’, EPA

values.Pin oak, black oak, red oak, and white oak #ine most valuable  publication 841 B13 001.

treesin Muskegon

Table 6.Tree species in Muskegaosith the highest replacement value.

Species Count Total Value ($/Yr) Value Per Tree ($/Tree/Yr)
Northern pin oak 58 830505.25 14319.06
Black oak 717 9751590.11 13600.54
Shumard oak 190 2272527.09 11960.67
White oak 285 3151866.71 11059.18
Northern red oak 986 10618320.19 10769.09
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TREE BENEFIT RECOMMENDATIONS

o Largestature, deciduous trees tend to provide the greatest beneflfduskegonshould plant these
types of trees wherever possible to increase theological benefits to the city.

e Enlarge existing planting spacescreatenew planting spaces to accommodate large trees.
e Preserve and proteabxisting largestature trees
e Structurally prune and maintairyoung trees to ensure thelgecome established

e Oakwasamongthe largest contributors to tredenefits,but they areoverabundant inMuskegon
Planting oak is not recommended.

o Protect against Oak wilt wherever possible.
e The public trees account for only a fraction ofthe total tree benefits in Muskegon.

o Private trees also provide benefits. Preserve existing trees and promote new tree plantings on
private property throughout the city to increase the associated eco-benefits.
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Section 3: Recommended
Maintenance

This fiveyear maintenance schedule takes a muficeted and proactive approach to managing Muskegon’s
urban forest.We assignedisk ratings and maintenance activitiesfo each inventoried treeWWerecommend
prioritizing and completing recommended maintenance activities based on risk ratiimgthis way, trees with

elevated risks will receive attention first.

Moderate Risk
Tree Maintenance

Routine
Inspections &
Inventory
Updates

Tree Planting

PRIORITY MAINTENANCE
Extreme Risk Tree Maintenance
High Risk Tree Maintenance
Further Inspections

Routine Pruning

Stump Removal

Young Tree
Training

Low Risk
Tree Maintenance
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RISK MANAGEMENT AND RECOMMENDED
MAINTENANCE

Every tree, regardless of conditioppsesa risk to people and propertypRG arborists consided species and
their failure profiles during collectiobecause some species are more prone to certaiture types We
assessedisk based on thenost severe antbr most likelymode of failure In other wordswe considered the
likelihood of failure, likelihood of target impact, and consequences of impact averinspection periodThen
we recorded the risk rating for the most severe failure and impact scenario.

Inspection period:12 months(one yea)

Modes of failure:

e Deciduous trees —Partial (branch) failure is more likely.
o Evergreen trees — Whole tree failure (WIF) and branch failure are equally likely.

This inventory included Level 2 risk assessments to assign risk ratings to each site based on:

e ANSIA300 (Clause 13)
e ISABest Management Practices: Tree Risk Assessment.

We recommend scheduling tree maintenance based on risk ratings.

1. High-Risk pruning &removals (first)

2. Moderate-Risk pruning &removals

3. Low-Risk pruning &removals

4. Discretionary maintenance (Routine / Proactive Pruning Cycles, Young Tree Training programs)

5. Further inspections &Inventory updates (last)

The following sections describe the recommended maintenance activities for each risk rating category.

PRIORITY MAINTENANCE (PRUNING & REMOVAL)
1. PRIORITY MAINTENANCE NEEDS — HIGH-RISK PRUNING & REMOVALS

Addressing Extreme and High-Risk trees in a timely manner will mitigate risk, improve public safety, maximize
tree benefits, and reduce long-term costs (Figures 11 &12). We recommend removal when pruning will not
correct the tree’s defects, will not eliminate the risks caused by the defects, or when pruning is cost
prohibitive. In general, Extreme and High-Risk maintenance activities should be completed first for larger
diameter trees, as they can cause the most damage. Once we address the high-risk sites, we may move on to

maintenance activities for smaller diameter trees.
The inventory identified:

e Zero (0) Extreme Risk trees.
e 22 High-risk trees are recommended for pruning (Figure 11).

e 25 High-Risk trees recommended for removal (Figure 12).
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PRIORITY MAINTENANCE RECOMMENDATIONS
¢ Prune HighRisk rated trees: we recommend pruning these trees immediately, largest trees first.
RemoveHigh-Risk trees, largest first (they could cause the most damage).
PerformHigh-Risk pruning and removals together for maximum efficiency.
2. MODERATE-RISK PRUNING & REMOVALS
During the inventory, we identified and recommended:
e 1647 Moderate Risk trees for pruning.
e 787 Moderate Risk trees for removal.
e 574 Low Risk trees for removal.
Pruning and/or removing Moderate and Low Risk trees are the next priorities for maintenance activities.

Address moderate and low risk maintenance when removing adjacent higher risk trees. In this way, we would

schedule work based on location (a specific street or neighborhood).

Prune Lowrisk rated trees withroutinely scheduledpruning cycles.After completing the list of elevatedisk
tree work, implementproactivetree maintenance programs incrementally over tinte accommodate the
needs of young and established trees, as well.

Low Risk removals pose little threat; these trees are generally small, dead, invasive, or poorly formed. Healthy
trees growing in poor locations or undesirable species are also included in this category. Eliminating these
trees will reduce breeding locatius for insects and diseases and increassthetics in Muskegon.

Some large trees received Lerisk ratings. This occurs if they are in poor condition and have uncorrectable
defects, but we do not expect them to fail over the next yeknees in parkpose low risk to people and
property due tolow occupancy ratesn the target impact zonéAppendixC).
MODERATE AND LOW RISK PRUNING & REMOVAL RECOMMENDATIONS
e Prune and remove Moderate-Risk trees after High-Risk maintenance needs.
e Prune and remove Low-Risk trees after all higher risk maintenance needs.
o Start with mature trees (DBH greater than 25”) with low-risk ratings.
o Perform Low-Risk pruning and removals concurrently with routine pruning (see below).

o Schedule work by location (specific streets or neighborhoods) for maximum efficiency.
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Muskegon's Recommended Priority Pruning
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Figure 11. Priority pruning recommendations

Muskegon's Recommended Tree Removals
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Figure 12. Removal recommendations.
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ROUTINE PRUNING CYCLE (RPC): PROACTIVE
PRUNING + DISCRETIONARY MAINTENANCE

This section include$617 trees for a Routine Pruning Cycle (RPC)
e 1335 low-Risk trees with a primary maintenance need of ‘prune,’ and,
o 7282 trees assigned ‘discretionary’ (routine) maintenance. OPTIONAL.

These trees pose some risk but have a smaller defect size
and/or a lower probability of impacting a target. So, they PROACTIVE PRUNING

do not require priority maintenance. Over time, routine

pruning can minimize reactive maintenance, limit Relationship between tree condition
instances of elevated risk, and provide the basis for a and years since previous pruning.
robust risk management program. Adapted from Miller and Sylvester 1981
We recommend Muskegon follow a ten-year RPC(see Miller and Sylvester studied the pruning frequency of
side panel, “Proactive Pruning”) to maintain its urban 40,000 street trees in Milwaukee, Wisconsin.

forest. This is not always possible based on budgetary Trees that had not been pruned for more

than 10 years had an average condition

constraints, the size ofthe inventoried tree population, rating 10% lower than trees that had been

orboth. In these cases, extending the length ofthe pruned in the previous several years. Their
routine pruning cycle is an option; however, best research suggests that a five-year pruning

practice is to not exceed a 10-year pruning cycle. Tree cycle is optimal for urban trees.

conditions have been shown to deteriorate significantl : )
g Y Routine pruning cycles help detect and correct most

after 10 years without regular pruning because as defects defects before they reach higher risk levels.
worsen, theyreduce tree health and increase risk. DRGrecommends that pruning cycles begin

after all Extreme and High-risk tree
ROUTINE PRUNING CYCLE (RPC) maintenance has been completed.

RECOMMENDATIONS

DRGrecommends two pruning cycles: a young tree
e Theten-year cycleoutlined here includes 875 training cycle and a routine pruning cycle.

Newly planted trees will enter the young

trees annually for pruning .
] . tree training cycle once they become
e Perform regUIar mventory uPdateS- This can help established and will move into the routine
direct RPC planning by identifying trees, streets pruning cycle when they reach maturity. A

or neighborhoods with greater maintenance tree should be removed and eliminated
needs from the routine pruning cycle when it

outlives its usefulness.
o Inventoryupdates can find trees to include in

the RPC.
o Plantings and removals will also change RPC
tree counts.
e After pruning High- and Moderate-Risk trees, add
them to the RPCor Inventory Update schedules.
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e When trees outgrow the YYT cycle, add them to the RPC.

¢ Not every tree will need pruning each cycle, so the actual cost to maintain a routine pruning cycle may
be lower than projected (Table 7).

e Extend the RPC time frame to decrease annual costs. Keep RPCs otyeatecycle or less.

Low risk pruning & Routine pruning in Muskegon

2,000

1,500

1,000

500

Number of Trees Included in Routine Pruning Cycle

1-3" 4-g" 712" 13-18"  19-24"  25-30"  31-38"  37-42" =43"
Size Class

Figure 13. Trees to include in Muskegon'’s routine pruning cycle

YOUNG TREE TRAINING (YTT) CYCLE

We recommend/oungtree training(YTTkycles to improve the form and structure of youtrges that are less
than 8inches in diameterNot all trees less than 8” in DBH need a structural pruNeither do we train small
variety trees (less than 20’ tall when mature). Training prunesiovedefectslike codominant leadersweak
branch unions and crossing or interfering limhdf not corrected, bese issuesan lead to problems as the
tree agesWe did not assign training prunes to evergreen trees (pine, spruce, fir).

Youngtrees grow & a rapid rate, so we must be proactive the first few years of their lives teduce future
risks andavoid costly pruning when the tree is larger.

Weidentified 2565trees in Muskegonto include in a young tree training cycle.
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YOUNG TREE TRAINING (YTT) CYCLE RECOMMENDATIONS
Begina threeyearYTTcycle after the completion of all recommended higher priority work.
With 2565young treesrecommendedtraining prunes:

o YTT855 trees annuallyduring athree-year cycle.

Over time, theaumber of trees in th¥TTcycle will depend on the number of nénges planted and their growth
rates.One to two years after plantingew trees, start YTT programs and retugmery three years until the tree
can no longer be safely pruned from the ground with a pole pruoeshears.

o At the time of planting, prun@ew trees minimallyto remove broken or crossing branches.

Not every tree in thé/ TTcycle will needpruning each cycle so Muskegon will likely spend less than projected
over the course of the YTpFogramshown inTable 7.

ROUTINE INSPECTIONS, INVENTORY UPDATES &
FURTHER INSPECTIONS

Regular inspectiongire essentiapractices to incorporate into proactive urban forest management programs
They should be performed by a qualified arborist who is trained in the art and science of planting, caring for,
and maintaining individual trees. Ideally, the arborist will be Certified the International Society of
Arboriculture (ISA Certifiedand hold the ISA Tree Risk Assessment Qualification (TRAQ). Level 1 and 2
assessments can be completed during regular tree maintenance activities, such as routine prudbamgider

this to streamline the process and reduce workloadad costs When trees need additional maintenancagd
them tothe work schedule immediately. Use asset management software such as TreeKedperpdate
inventory data and schedule work records.

ROUTINE INSPECTIONS & INVENTORY UPDATE RECOMMENDATIONS

Regularly monitor public trees to proactively maintain the urban forest. Reactive inspections are also
important, especially after storms. The likelihood oftree failure increases with storm severity and frequency.

o level 1 walk-byordrive-by assessments can be a cost-effective way to inspect trees after storm events
and can help identify trees which need more detailed inspections (Level 2 or 3).

When trees require additional or new work, add them to the maintenance schedule. Update the budget to
include the new work. We recommend using asset management software like TreeKeeper®to make updates,
edits, and keep a log of work records.

Routinely complete inventory updates every 5 to 10 years These include Level 2 risk assessments.

o Inspect 1/10 ofpublic trees each year to keep costs regular. With 12,852 sites not recommended for
removal, we included 1285 site inspections annually over a 10-year inventory update cycle.
Prioritize sites identified for further inspections (see below).

Davey Resource Group, Inc.
Tree Inventory Analysis & Management Strategy
Page 36



FURTHER INSPECTIONS

This data field indicates when a tree needs additional assessment or monitoring. We identified these trees
with defects that might escalate over the next year, becoming risky to people or propEdsther
inspections included 783 treesin the following categories:

e Annualinspections (periodic/yearly): 755 trees

o Atthetime ofinspection, we identified trees with defects or conditions that do not warrant removal
this year, but we expect their health to decline. Inspect or maintain these trees yearly to maintain
acceptable risk levels.

e Recent damage inspection: 8 trees (post-storm inspections, like annual inspections)

e Insect and disease monitoring. 20 trees (check for signs of emerald ash borer (EAB), oak wilt)

FURTHER INSPECTION RECOMMENDATIONS

e 20sites identified for Insect/disease monitoring - confirm the presence ofdamaging insects or
diseases and determine the best course ofaction. Check trees in surrounding areas, as well.

e 8sites identified for Recent damage inspection —annually monitor tree conditions and look for signs
of worsening defects that may merit intervention.

e 755treesidentified for Annual inspections —monitor their defects and conditions yearly until they must

be removed.

TREE PLANTING & STUMP REMOVAL

Planting trees is an important part of maintaining and growing Muskegon’s tree canopy and maximizing the
ecological benefits provided to the community. Opportunity exists in suitable vacant street sites and sites
with stumps, as well as in parks and private property.

We did not collect planting sites during the inventory.
198 stumps were identified throughout Muskegon.

TREE PLANTING & STUMP REMOVAL RECOMMENDATIONS

e Include stump removal in maintenance contracts. Conduct Quality assurance and control checks of
contractors’ work to ensure stumps are completely removed.

e Remove stumps before planting new trees. Avoid planting trees in a location where a stump was
recently removed, when possible. Decomposing roots can cause air pockets, nutrient depletion, and
space constraints that can impact the establishment ofnewly planted trees.

e Strive to plant the largest possible tree in each vacant planting site. Large-stature, deciduous trees
provide the greatest benefits to the community. See the strategies for providing sufficient growing
space outlined in the Growing Space Recommendations section.
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To avoid loss of public treeduskegonshould aim for, at minimum, a-for-1 replacement rate of
planted trees to removed trees. Ideally, the community will surpass this and establistica-2 or even
a 3for-1 replacement rate, which will ultimately help to increase the community’s publiecis.

o This is not always reasonable. Muskegon responded to the Urban Forestry Questionnaire with an
annual planting budget of $25k. The sample 5-year budget table reflects this in years 3 through 5
(table 7).

Select species to plant based on their tolerance to heat, drought, salt, and climate change, among
other factors, like the size and function ofthe growing space.

Where planting space along streets is limited and traditional street tree planting is not possible,
consider alternative options to create more space for trees:

o Create pocket parks.

o Improve / maintain existing public properties.

o Set-back planting programs: plant behind, but within 20 feet ofthe public ROW.

o Encourage tree planting on private property via education, giveaways, etc.

Where possible, Muskegon should enlarge and improve planting areas along streets by:
o Enlarging the dimensions and soil volume ofplanting strips and planting wells.

o Considering use of structural soils or Silva Cells to improve root movement through soils and
reduce infrastructure conflicts.

o Work with other city departments, such as engineering, to ensure that plans for new development
or street improvement consider trees during the design process.

Seek out / apply for grant funding for tree planting projects. Significant funding is available at the

state and federal level, particularly for planting projects within Environmental Justice areas. These are

areas with low Tree-Equity scores.

Build relationships with local organizations who can help promote and support tree planting goals.

MAINTENANCE STRATEGY AND EXAMPLE BUDGET

Using Muskegon’s tree inventory data, we provide an example 5-year maintenance schedule and budget.

Below you will find recommended tasks to complete each year (Table 7). We base budget projections on

Muskegon’s current tree care contract rates, city staff costs, industry knowledge, and public bid tabulations.

Following this or a similar schedule can help shift Muskegon toward a more proactive tree-care approach.

To implement this schedule, Muskegon’s tree maintenance budget should be:

No less than $625,000 for the first year of implementation.
No less than $550,000 for the second year.

No less than $475,000 for the third year.

No less than $425,000 for the fourth year.

No less than $350,000 for the fifth year.
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In thebudgettable and maintenance schedule (table ,Ay¥e addres High-Risk rated trees in the first yeand
we highly recommend this approachAfterhigh-risk trees we spreadstump removals andvloderate-Risk
pruning and removalsacrossyears one to fourThesecostsdecreas annually.

Replacement tree plantings in years one and two exceed Muskegon’s budget for tree planting. So, in years one
and two, the total expected costs would surpass Muskegon’s overall tree care budget because we followed a
1:1 tree replacement to removal rati@uringyears 35, we limited tree planting to 50 trees per year, which

would keepcosts within Muskegon’s annual tree planting budget ($25k).

This schedulalsooutlines a10-yearroutine pruning cycle (RPCheginningin yeartwo. The RPC includes
e 875 trees for pruning annually, with constant costs throughout the 10-year cycle.

The young tree training (YI'T) program begins in the first year and keeps constant costs across all five years.
YITprogram costs will change based on tree plantings and removals in previous years.

Further inspection needs and inventory updates begin in year one, with 800 walk-by assessments scheduled
annually. These inventory updates are optional but recommended. Choose drive-by inspections to reduce
these costs but be aware that drive-by inspections are less thorough and may miss moderate-risk defects

(Appendix C).

Modify this maintenance schedule accordingly ifresources are available to complete more tree work each
year. If maintenance needs change, then adjust budgets, staffing, and equipment to meet the new demand.
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Table 7. Example maintenance schedule and budget for a five-year tree management program.

Total
accumulated
Diameter at Breast Height Cost / Year 1 Year 1 Year 2 Year 2 Year 3 Year 3 Year 4 Year 4 Year 5 Year 5 costs Total activity count
(DBH in Inches) Tree Count Cost Count Cost Count Cost Count Cost Count Cost (over five-years) (over five-years)
1-3" $28 & & $ & & &
4-6" $58 $ & & $ & &
7-12" $138 $ & & $ & &
13-18" $314 2 $628 $ $ $- $ $628
19-24" $605 3 $1,815 $ $ $- $ $1,815
25-30" $825 10 $8,250 $ $ $- $ $8,250
31-36" $1,045 | 2 $2,090 $ $ $- $ $2,090
37-42" $1,485 | 4 $5,940 $- $- $- $- $5,940 High Priority
>43" $2,035 | 4 $8,140 $- $- $- $- $8,140 Removals
High Priority Removals 25 $26,863 | O $- 0 $ 0 $ 0 $ $26,863 25
1-3" $28 & & & & & &
4-6" $58 $ $ $- $ 2 $116 $116
7-12" $138 $ $ $- $ 24 $3,312 $3,312
13-18" $314 $ $ 104 $32,656 25 $7,850 50 $15,700 $56,206
19-24" $605 $ $ 134 $81,070 100 $60,500 $ $141,570
2530" $825 $- 125 $103,125 | 50 $41,250 $- $- $144,375
31-36" $1,045 | 36 $37,620 50 $52,250 $- $- $- $89,870
37-42" $1,485 | 63 $93,555 $- $- $ $ $93,555 Moderate Priority
>43" $2,035 | 24 $48,840 $- $- $- $48,840 Removals
Moderate Priority Removals 123 $180,015 | 175 $155,375 | 288 $154,976 | 125 $68,350 | 76 $19,128 $577,844 787
1-3" $28 $ $- & $ $ $
46" $58 $ $- $- & & $-
7-12" $138 $ $- $- & & $-
13-18" $314 & & & & & &
19-24" $605 $- $- $- $- 10 $6,050 $6,050
2530" $825 $- $- $- $- 10 $8,250 $8,250
31-36" $1,045 $- $- $- 30 $31,350 | 10 $10,450 $41,800
37.42" $1,485 $- $- $- 14 $20,790 | 10 $14,850 $35,640 Low Priority
>43" $2,035 $ $ $ 6 $12,210 | 10 $20,350 $32,560 Removals
Low Priority Removals 0 $ 0 $- 0 $ 50 $64,350 | 50 $59,950 $124,300 100
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1-3" $18 $ $- $- $ 0 $ $

4-6" $28 $ $ $ $ 0 $ $

7-12" $44 $- 24 $1,056 $- $- 0 $- $1,056

1318" $72 $- 31 $2,232 $- $- 0 $- $2,232

19-24" $94 $ 47 $4,418 $- $ 0 $ $4,418

25-30" $110 38 $4,180 $- $ $ 0 $ $4,180

31-36" $138 13 $1,794 $- $ $ 0 $ $1,794

37-42" $160 15 $2,400 $- $- $- 0 $- $2,400

>43" $182 19 $3,458 $- $- $- 0 $- $3,458 Stump Removals
Stump Removal (Totals) 85 $11,832 | 102 $7,706 0 $- $- 0 $- $19,538 187
1-3" $20 $ $ $- $ $ &

4-6" $30 $ $ $- $ $ &

7-12" $75 $ $ $- $- $ &

1318" $120 1 $120 $- $- $- $- $120

19-24" $170 3 $510 $- $- $- $- $510

25-30" $225 5 $1,125 $- $- $- $- $1,125

31-36" $305 5 $1,525 $- $ $ $ $1,525

37-42" $380 1 $380 $ $- $ $ $380

>43" $590 7 $4,130 $- $ $- $ $4,130 High Priority Pruning
High Priority pruning (Totals) 22 $7,790 0 $ 0 $ 0 $- 0 $- $7,790 22

1-3" $20 $- $- $ $- & $-

46" $30 $- $- $ $- & $-

7-12" $75 $ $- $- $ 5 $375 $375

13-18" $120 $ $ $- 85 $10,200 $ $10,200

19-24" $170 $ 129 $21,930 50 $8,500 100 $17,000 $ $47,430

25-30" $225 18 $4,050 200 $45,000 200 $45,000 $- $- $94,050

31-36" $305 400 $122,000 | O $- $- $- $- $122,000

37-42" $380 | 265 $100,700 $- $- $- $- $100,700 Moderate Priority
>43" $590 194 $114,460 $- $ $ $ $114,460 Pruning
Moderate priority pruning

(totals) 877 $341,210 | 329 $66,930 250 $53,500 185 $27,200 5 $375 $489,215 1646
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Driveby $1 & % ¥ ¥ $ $ Further Inspections &
Walkby $5 1285 $6,425 1285 $6,425 1285 $6,425 1285 $6,425 1285 $6,425 $32,125 Inventory Updates
Further Inspections &

Inventory Updates (Totals) 1285 $6,425 1285 $6,425 1285 $6,425 1285 $6,425 1285 $6,425 $32,125 6425

1-3" $20 $- 500 $10,000 500 $10,000 500 $10,000 500 $10,000 $40,000

46" $30 $ 300 $9,000 | 300 $9,000 | 300 $9,000 300 $9,000 | $36,000 Young Tree Training
>6" $40 $- 50 $2,000 50 $2,000 50 $2,000 50 $2,000 $8,000 (3-year Cycle)

YTT Cycle Totals 0 $- 850 $21,000 850 $21,000 850 $21,000 850 $21,000 $84,000 3400

1-3" $20 $ $ $ $ $- &

4-6" $30 $ $ & & $ $

7-12" $75 $- 125 $9,375 125 $9,375 125 $9,375 125 $9,375 $37,500

13-18" $120 $- 125 $15,000 125 $15,000 125 $15,000 125 $15,000 $60,000

19-24" $170 $- 125 $21,250 125 $21,250 125 $21,250 125 $21,250 $85,000

25-30" $225 $- 125 $28,125 125 $28,125 125 $28,125 125 $28,125 $112,500

31-36" $305 $- 125 $38,125 125 $38,125 125 $38,125 125 $38,125 $152,500

3742 $380 $ 125 $47,500 | 125 $47,500 | 125 $47,500 | 125 $47,500 | $190,000 Routine Pruning
>43" $590 $- 125 $73,750 125 $73,750 125 $73,750 125 $73,750 $295,000 Cycle (RPC{0-years)
RPC totals 0 $- 875 $233,125 | 875 $233,125 | 875 $233,125 875 $233,125 | $932,500 3500

Purchasing $250 148 $37,000 175 $43,750 $ $ $80,750

Planting & watering $200 | 148 $29,600 | 175 $35,000 $- . $64,600 Tree Replacement &
Mulching $25 148 $3,700 175 $4,375 $ $ $8,075 Maintenance
Replacement tree (totals) $475 148 $70,300 | 175 $83,125 $- $- $ $153,425 323

Purchasing $250 $- $- 50 $12,500 50 $12,500 50 $12,500 $37,500

Planting & Watering $200 $ $ 50 $10,000 | 50 $10,000 | 50 $10,000 | $30,000 New Tree Planting &
Mulching $25 $- $- 50 $1,250 50 $1,250 50 $1,250 $3,750 Maintenance

New tree plantings (totals) $475 0 $- 0 $- 50 $23,750 50 $23,750 50 $23,750 $71,250 150

Tree Removal $314 $- $- $1,256 $1,570 $1,884 $4,710

Stump Removal $72 $ $- $288 $360 $432 $1,080 Tree Mortality
Replacement Tree $475 $- $- $1,900 $2,375 $2,850 $7,125 Activities

Naturally expected tree

mortality (1%) $861 $- $- 4 $3,444 5 $4,305 6 $5,166 $12,915 25

Sum of all Activities(s) 2565 $644,435 | 3791 $573,686 | 3602 $496,220 | 3425 $448,505 3197 $368,919 | $2,531,765 16590
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Conclusion

When properly cared for, public trees offer valuable, enduring benefits that surpass the investments of time
and resources put into their planting, maintenance, and eventual remoWiliskegon’s 14183 trees

generate at least $212,000annually in estimated benefits, including stormwater reduction, carbon
sequestration, and air pollut ion removal. It is important to note that these are just the quantifiable

benefits provided by trees in the community . The complete array of benefits froMuskegon’spublic trees
extends far beyond whalve cancalculate through inventory data andTree modeling aloneThe successful
execution of thidfive-year maintenance progranshould increasdhe ecologicalbenefits provided tothe
community and decreasdhe associatedree risksin Muskegon

This fiveyear maintenance initiativdocuses orproactive tree careand involves a largéitial investment.
AddressingHigh- and Moderate Risk trees through removal or prunirig costly, but it is vitalfor public safety
and redudng long-term maintenance expenseg\fter finishingpriority work, we canextendthe time frame for
the remaining tasks depending on funding and resource availabiMfe encourage Muskegon to use thisee
Inventory Analysis & Maintenance Stratetgyadvocat for the community andincreasefunding and public
interest for the urban forest.

We commend Muskegoné&ffort toward cultivating a sustainable and resilient urban fore&tse this
document as a guide to set goalsssess progressegularly update inventory dataand revise objectives as
needed. The Urban Forest Program Continuwshpwnon Page 2, can serve as a valuable roadmap for
Muskegonas it continues its ongoing mission improve tree care policies and procedure$his mission will
enrich the lives of all residents, workers, and recreational enthusiasts wilirskegon Thank you all for the
opportunity to work with you.

EVALUATING AND UPDATING THIS PLAN

This Tree Inventory Analysis & Maintenance Strategy
provides managemenideasfor the next five years. To

ensure the maintenance schedule and budget remain LR
accurate, it is important to update the inventory using Engage
TreeKeeper® or other asset management software as work
is completed, so the software can provide updated species

i i i i i i WHAT DO
distribution, maintenance needs, and benefit estimates. WHAT PO

Assess

Keeping the inventory up to date empowers the
community. The adaptive management cyclabove)
shows how Muskegon might update their goals over time

HOW ARE
WE DOING?

Implement,
Gauge &
Update
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Consider these activities fahe above flow chart

Schedule and assign high-priority tree work as soon as possible.

O

Slow reactions to low priority work requests.

Prepare tree planting plans as soon as possible.

o

o

Schedule and complete stump removals.

Select species that are best suited to the available sites.

Annually compare the number of trees planted to the number oftrees removed.

O

O

O

O

Annually compare the species distribution with the previous year after planting.
Monitor changes in species and genera abundance.
Check for gaps in canopies and other potential planting sites.

Adjusting future planting plans accordingly.

Regularlyupdate inventory data during other maintenance activities.

O

Good practice is to update a tree’s DBH, condition, and maintenance need every time we work on
a public tree.
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Appendix A

Summary of Recommendations

Avoid or limit planting of Maple and Oalncrease planting of uncommon species and genera whi
are performing well in Muskegon. This list is not exhaustive.

e Shade trees to plant:

Hybrid elms (Ulmus x)

Honey locust (Gleditsia tricanthos v inermis)
Sycamore or planetree (Platanus species)
Linden (Tilia cordata or Tilia americana)
Ginkgo (Ginkgo ginkgo)

Catalpa (Catalpa speciosa)

Hackberry (Celtis occidentalis)

Coffee tree (Gymnocladus dioicia)

0O O O 0 O O O O

ST (T AT e  Ornamental, flowering, or fruit trees:
o Apple (Malus species)
o  Cherry (Prunus species)
o Redbud (Cercis canadensis)
o Serviceberry (Amelanchier species)

e [arge trees are not always good street trees.
e Remove volunteer trees that have invasive tendencies while they are small. These

include:

o  White mulberry (Morus alba)
o Tree ofheaven (Ailanthus altissima)
o  Buckthorn (Rhamnus)

e  Monitor trees for signs and symptoms of pests and diseases on a regular basis. Include

pest-monitoring activities as part of other routine maintenance, like pruning.

o Identifyany pests present and begin management at the earliest possible signs ofan

infestation.
e Prepare an invasive species management plan to guide responses to future pest issues.

e  Spotted lanternflies use many species as a host, but they prefer Tree ofheaven. Consider
eliminating Tree ofheaven populations to reduce Muskegon’s risk to Spotted lanternfly.

e  When planting trees, select pest- or disease-resistant species or cultivars whenever

Pest Susceptibility possible

Use preventative pesticide treatments on high-value or historic trees that are susceptible to
problematic pests and/or diseases in Muskegon’
Search for additional resources about pests and diseases from the following agencies:

e  Michigan Department of Natural Resources

e  Michigan Department of Agriculture and Rural Development (MDARD)
e  United States Department of Agriculture (USDA)

e  Michigan State University Extension Office
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Section Recommendation

Condition

e Dead and dying trees should be removed as soon as possible in order of priority (high
to lowest risk) to eliminate public hazards, create space for new planting, and improve
the aesthetics in Muskegon.

e Monitor Poor condition trees that are not recommended for removal. After Pruning
hazardous parts, check the tree’s health periodically.

e Condition ratings can improve over time with proactive maintenance schedules:
o  Routine pruning cycles (RPC)
o  Youngtree training cycles (YIT)
All tree pruning should follow ANSI A300 (Clause 5) guidelines.

Relative Age Distribution

e  Muskegon’s trees are aging. Focus on proactive care for large-stature trees, especially
removals.

e  Succession planning: as we remove mature trees, we plant young trees in their place
(replacement).

e Youngtree training programs - structurally prune small trees to ensure good form and
improve health as they establish and mature.

e  Street planting programs can begin before removals, if schedules and resources allow.

e Routine, proactive maintenance, such as young tree training and routine pruning, may
help improve tree condition, particularly among maturing and mature trees.

Defect Observations

e Root, trunk and branch injury are the most common defects we noticed in Muskegon.
This includes dead, dying, broken, hanging, and/or diseased branches.

o Routine / proactive pruning will improve the health ofthese trees and reduce the
risk associated with dying branches. Removal ofdead limbs also improves the visual
aesthetics oftrees and may help improve public perception of Muskegon’s tree care.

Structural pruning while trees are young can help improve defects like poor structure or improper
pruning. See Young Tree Training for more information.

Infrastructure Conflicts

e Plant only small stature trees beneath or near overhead electric utilities.

e  Consider looking for dwarf cultivars of typically large-stature trees to diversify small-
stature planting lists.

e Tree roots can damage water and sewer pipes, gas lines, and electric conduit. Installing
and maintaining these utilities often damages tree roots, and leads to tree failure, reduced
tree vigor, and/or tree death.

e Planttrees at least 5 feet from underground utilities to allow room for large, structural
roots to develop without impacting the utility. Consult municipal engineers and/or utility
companies for help.

e Also consider conflicts with other infrastructure such as buildings, road signage,

streetlights, and driveways. Muskegon should develop and document required clearance
needs for different types ofinfrastructure.
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Section Recommendation

e Right tree, right place. Select tree species based on root system characteristics that
match the planting site. Set required growing space dimensions and/or soil volumes fq
various sizes of trees. Planting only small trees where the growing space anddaaihe
is restricted will help reduce damage to trees and infrastructure.

e Develop design standards for sidewalks, roads, and other hardscapes that are tree
friendly and allow a tree to grow without causing future conflicts.

e Collaborate with city planners, engineers, and public work3onsidering trees early wher
repairing or redesigning streets and sidewalks ensures trees can be a productive part
the new streetscape.

e e Alternatives to small growspaces:
rowin ace
9Sp o  Enlarge planting wells, or site them on the back edge ofthe sidewalk adjacent to

lawns
o Create new wells, lawns, and/or traffic bump-outs.
o Silva Cell/ structural soil technology.

e Ifpossible, reroute sidewalks or build temporary ramps over tree roots. Sidewalk repairs
may require tree and stump removal.

e C(City streetscapes must balance needs for driving, parking, pedestrian access, overhead
and underground utilities, street furniture, signage, lighting, winter snow removal, and
many other considerations. Some areas will not be suitable for trees, and alternatives to
street planting should be used in these areas instead of planting street trees.

e large-stature, deciduous trees tend to provide the greatest benefits. Muskegon should
plan to plant these types oftrees wherever possible to increase the ecological benefits to
the city.

e Enlarge existing planting spaces / create new planting spaces to accommodate large
trees.

e Preserve and protect existing large-stature trees.

e  Structurally prune and maintain young trees to ensure they become established.
Tree Benefits _ .
e Oakwasamong the largest contributors to tree benefits, but they are overabundant in

Muskegon. Planting oak is not recommended.
o Protect against Oak wilt wherever possible.
e  The public trees account for only a fraction ofthe total tree benefits in Muskegon.

o Private trees also provide benefits. Preserve existing trees and promote new tree
plantings on private property throughout the city to increase the associated eco-
benefits.

e  Prune High-Riskrated trees: we recommend pruning these trees immediately, largest
trees first.

Remove High-Risk trees, largest first (they could cause the most damage).
Perform High-Risk pruning and removals together for maximum efficiency.
Priority Maintenance Prune and remove Moderate-Risk trees after High-Risk maintenance needs.
Prune and remove Low-Risk trees after all other maintenance needs.
o  Start with mature trees (DBH greater than 25”).
o Perform Low-Risk pruning and removals concurrently with routine pruning (see
below).

Schedule work by location (specific streets or neighborhoods) for maximum efficiency.

Davey Resource Group, Inc.
Tree Inventory Analysis & Management Strategy



Section Recommendation

e The nine-year cycle outlined here includes 875 trees annually for pruning.

e Perform regular inventory updates. This can help direct RPC planning by identifying
trees, streets or neighborhoods with greater maintenance needs.

o Inventoryupdates can find trees to include in the RPC.
o Plantings and removals will also change RPCtree counts.

Routine Pruning Cycle (RPC) e  After pruning High- and Moderate-Risk trees, add them to the RPCor Inventory Update
schedules.

e  When trees outgrow the YYT cycle, add them to the RPC.

e Noteverytree willneed pruning each cycle, so the actual cost to maintain a routine
pruning cycle may be lower than projected (Table 7).

e  Extend the RPCtime frame to decrease annual costs. Keep RPCs on a ten-year cycle or
less.

Begin a three-year YIT cycle after the completion ofall recommended higher priority work. With
2565 young trees recommended training prunes:

e YTT 855 trees annually during a threeyear cycle.
Over time, the number oftrees in the YIT cycle willdepend on the number ofnew trees planted and
their growth rates. One to two years after planting new trees, start YI'T programs and return every
Young Tree Training (YTT) Cycle three years until the tree can no longer be safely pruned from the ground with a pole pruner or
shears.

e  Atthetime ofplanting, prune new trees minimally to remove broken or crossing

branches.

Not every tree in the YIT cycle willneed pruning each cycle, so Muskegon will likely spend less than
projected over the course ofthe YIT program shown in Table 7.

Routing Inspections / Inventory Updates

Regularly monitor public trees to proactively maintain the urban forest. Reactive inspections are
also important, especially after storms. The likelihood oftree failure increases with storm severity
and frequency.

Level 1 walk-by or drive-by assessments can be a cost-effective way to inspect trees after storm
events and can help identify trees which need more detailed inspections (Level 2 or 3).

When trees require additional or new work, add them to the maintenance schedule. Update the
budget to include the new work. We recommend using asset management software like
TreeKeeper®o make updates, edits, and keep a log of work records.

. . Routinely complete inventory updates every 5to 10 years. These include Level 2 risk assessments.
Routine Inspections, Inventory

Updates & Further Inspections o Inspect 1/10 of public trees each year to keep costs regular. With 12,852 sites not

recommended for removal, we included 1285 site inspections annually over a 10-year
inventory update cycle. Prioritize the sites we identified for further inspections (below).

Further Inspections

e  20sites identified for Insect/disease monitoring - confirm the presence of damaging
insects or diseases and determine the best course ofaction. Check trees in surrounding
areas, as well.

e 8sites identified for Recent damage inspection —annually monitor tree condition and
look for signs of worsening defects that may merit intervention.

e  755trees identified for Annual inspections — Monitor their defects and conditions yearly
until they must be removed.

Davey Resource Group, Inc.
Tree Inventory Analysis & Management Strategy



Section Recommendation

¢ Include stump removal in maintenance contracts. Conduct Quality assurance and con
checks of contractors’ work to ensure stumps are completely removed.

e Remove stumps before planting new trees. Avoid planting trees in a location where a
stump was recently removed, when possible. Decomposing roots can cause air pocke
nutrient depletion, and space constraints that can impact the establishment of newly
planted trees.

o Strive to plant the largest possible tree in each vacant planting site. Lestgure,
deciduous trees provide the greatest benefits to the community. See the strategies for
providing sufficient growing space outlined in the Growing Space Recommendations
section.

e To avoid loss of public trees, Muskegon’s should aim for, at minimumfar#
replacement rate of planted trees to removed trees. Ideally, the community will surpas
this and establish a Zor-1 or even a Jor-1 replacement rate, which will ultimately &lp
to increase the community’s public trees.

o  Thisis not always reasonable. Muskegon responded to the Urban Forestry
Questionnaire with an annual planting budget of $25k. The sample 5-year budget
table reflects this in years 3 through 5 (table 7).

e Select species to plant based on their tolerance to heat, drought, salt, and climate

STUMPREMOVAI& TREEPLANTING change, among other factors, and the size and function ofthe growing space.

e  Where planting space along streets is limited and traditional street tree planting is not
possible, consider alternative options to create more space for trees:

o Create pocket parks.
o Improve / maintain existing public properties.
o Set-back planting programs: plant behind, but within 20 feet ofthe public ROW.
o Encourage tree planting on private property via education, giveaways, etc.
e  Where possible, Muskegon should enlarge and improve planting areas along streets by:
o  Enlarging the dimensions and soil volume ofplanting strips and planting wells.

o Considering use of structural soils or Silva Cells to improve root movement through
soils and reduce infrastructure conflicts.

o  Work with other city departments, such as engineering, to ensure that plans for new
development or street improvement consider trees during the design process.

e Seckout/apply for grant funding for tree planting projects. Significant funding is
available at the state and federal level, particularly for planting projects within
Environmental Justice areas. These are areas with low Tree-Equity scores.

Build relationships with local organizations who can help promote and support tree planting goals.

Davey Resource Group, Inc.
Tree Inventory Analysis & Management Strategy



Appendix B
Study Area and Data Collection

STUDY AREA

Muskegon
Heights

L W r————_

Go g

Screenshot from TreeKeep@Green dots are trees. Brown are stumps. Blue are vacant / potential planting
sites.

WMSRDC & thétgof Muskegorshared boundaries and street centerlines with our GIS departmdite
above pictureshowsour proprietary GIS software, TreeKeef@i he green dots showll collected tree sites
within city boundariesas specifiedn ourinitial Inventory Proposal.

Between June and August of 2023RG Arboristsollected trees and stumps ithe following areas
e Street trees —public rights of way
e Public properties
o Parks
o Cemeteries
o Municipal No-Sell’ properties

= (City hall, farmers market, fire stations
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Data Collection

DRCArborists runa customized ArGISprogramcalled RoverRover is an offline data collection software we
use to record and store tree inventory datat each sitewe collect thefollowing attributes:

Attribute Form 0 0
IR Q —

UniquelD

@ Address : 1101 TF20251015114308

o Assigned Addr . Geometry

€ street: W FOREST AVE
Date and Time

OnStreet : W FOREST AV
€ OnStreet: W FOREST AVE e

Q side:

° Hardscape Damage : N/A

Inspector

© Overhead Utilities : Clear Work Region
© utilities : None e

° Location Name : Work Area

- - 2

Edit Comments

@ m m Validation messages displayed here.

Attribute Form

UniquelD

TF20251015114308

- - -
| Date and Time
R

° Common :

[f2025-10-15 11:43:08
| Inspector

|

Waork Region

g e

© Height: Work Area

° Defects/Observations : MUSKEGON

° Condition :

° Multi Stem : No

° Primary Tree Maintenance : Edit Comments
° Secondary Maintenance Need :

° Further Inspection : None

@ m m Validation messages displayed here.
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Maintenance needs are based on Best Management Practices: Tree Risk Assessment (International Society of
Arboriculture 2011). The knowledge, experience, and professional judgment of DRG’s arborists ensure the
high quality of inventory data.

EQUIPMENT AND BASE MAPS

Inventory arborists use FZ-G1 Panasonic Toughbook®units with internal GPS receivers. Geographic
information system (GIS) map layers are loaded onto these units to help locate sites during the inventory.
Arborists use GPS location data and aerial background imagery to locate and place each site.

ADDRESSING & SITE DATA

In addition to XYgeographic coordinates for each site, we also record address information. While geographic
coordinates allow spatial representation ofthe data within a geographic information system, parcel data with
localaddresses can place and/or locate sites without a GPS. Other data attributes we collect are:

e Address:House numberRover automatically fills ipparcel addresss whenavailable.If parcel
addresses werenot available Weusedour best judgement to assigthe sitea housenumber.

o Suffix: Indicates whethemwe manually assiged an address number to the site.We added thehouse
number manually, this field reads “X”. If tHeoverassigned an address number, this field is left blank.

o Street: The street to which the assigned parcel is addressEdgether, theAddress and Street fields
form the street address of the site (e.g., 111 Example Rhyer assignstreets based on parcedand
street centerlinesincluded in the program.

e On Street: The street on which the site is physically located. Assigne®byer

o Side: Indicates on what side of the parcel a site is physically located. Assigned by the arborist, this
field can read front, side, rear, median, or N/A.

o Front —The site is in the front ofthe parcel. The Street and On Street names match.
o Side—The site is on the side ofthe parcel. The Street and On Street names do not match.

o Rear—The site is in the rear ofthe parcel. This occurs when a parcel occupies the full space
between two roads. Street and On Street names do not match.

o Median—All median sites will have Suffix=X These are islands with traffic on either side ofthe
growing space. Public properties may also list a site “in the median.”

o Hardscape Damagebroken or displaced sidewalks or roads that could be trip hazards.
o Light (0.5-17)
o Moderate (1-2.5”)
o Severe (>2.57)

o Overhead utilities : are communication or electrical lines near the site? Is the site / tree in contact
with communication lines or within the Minimum Approach Distance (MAD) to electrical lines?

o Location name: for parks and other city-maintained properties.
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Appendix C
Risk Assessment

Every tree, regardless of defects, condition, location, and other factors, has an inherent risk of whole or partial
tree failure.Arborists perform qualitative risk assessments to determine tbeel of risk associated with any

given tree Thisallows tree managers to assign maintenance and mitigéte tree’sassociated risksThe

current editions ofthe ANSI A300 (Clause 13) standards and the ISA’s Best Management Practices: Tree Risk
Assessment systematadly outline reproducible methods for assessing tree risk.

It is possible forfeesto have multiple modes of failure with varying levels adsociated risk

When this was the case, we recorded the risk rating for the mode of failittethe greatest associated risk.
We performed all tree risk assessments withiaspection period / time frame of one-year.

Risk ratings can help tree managers set priorities and organize tree work. Genevellgerform mitigation
work ontrees with higher risk ratings firsfThe goal is always fower the risk and liability associated with
these trees. It is up to the tree manager to decide what level of risk is acceptahtkit may change.

Levels of Risk Assessment

Arborists assess tree risk using different tools and at different levels of ddtaédse are théhree levels of rlsk
assessment, from least to most intensive. : ' ;

LEVEL 1: LIMITED VISUAL ASSESSMENT

Arborists walk- or drive-by a large population of treet identify trees of
concern Level 1 assessments do not typically result in risk ratings but
provide a list ofsiteswith recommendedwork. Arborists performing Level 1
assessments may request more advanced assessments (Level 2Hni8).
method may be a good option when funding for a full inventory and risk
assessment is not availablédany municipalities employ level 1
assessments aftemajor storms to rapidly assess damage and assign
corrective action.

LEVEL 2: BASIC ASSESSMENT

A detailed, 368degree visual inspection of individual treeérborists assess
roots, trunks, branches and site condition®f individual trees to determine
tree health and assign arisk rating. We use condition and risk results to
determine primary maintenance needRG applies level two guidelines

DRG arborists conducting a Level 2
during most inventories like in Muskegon. risk assessment.
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LEVEL 3: ADVANCED RISK ASSESSMENT (ARA)

Arborists performing ARA’s usgpecialized equipment to provide more detailed information aboaspecific
tree. We use the results to inform ooranagement decisionsExamples of ARA equipmeahd techniques
include, but are not limited to:

e Drones or bucket trucks to inspect a canopy

e Sonictomographyto map internal decay

e Probes &microscopes for tissue extraction and analysis

Process of Risk Assessment

Risk assessment protocols follow the current editions of ANSI A300 (Clause 13) and the ISA’s Best Management
Practices: Tree Risk Assessment. They are summarized below.

TIME FRAME

All trees will experience whole or partial tree failure during their lives. Since environmental conditions and
tree health can change rapidly, we must set a specific time frame for risk assessment. This is necessary to
conveyrisk accurately and determine appropriate management practices.

Predictive power decreases over large time spans. Inspection periods vary but are generally less than five
years. Inspection periods ofone to three years are common.

LIKELIHOOD OF FAILURE

The first step in assessing tree risk involves determining the likelihood that the tree or tree part will fail within
the specified time frame. Site factors, such as slope, soil texture and saturation, and recent grading or tree
removals are considered in tandem with tree factors such as health, species-specific failure profile, damage,
and structural defects. The likelihood of failure is then characterized as either:

o /mprobable—The tree or tree part is not likely to fail during normal weather conditions and may not
fail in extreme weather conditions within the specified time frame

o Possible-Failureis expected in extreme weather conditions, but it is unlikely during normal weather
conditions within the specified time frameor,

e Probable—Failureis expected under normal weather conditions within the specified time frame
LIKELIHOOD OF TARGET IMPACT
The next step is to determine how likely it is that the tree or tree part in question will impact a target if it fails.
This involves consideration of the potential targets located around a tree, which may include fixed structures
such as houses or playgooad equipment with a constant occupancy rate and mobile targets such as people
or vehicles with lower occupancy rates, as well as an assessmeiiedbcation where the tregart mayland
if it fails. The likelihood of target impact is then characterized as either:

o Very Low-The chance of the failed tree or tree part impacting the specified target is remote.
e Low-There is a slight chance that the failed tree or tree part will impact the target.
o Medium-The failed tree or tree part could impact the target, but it is not expected to do so.

e High—The failed tree or tree part is likely to impact the target.
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COMBINED LIKELIHOOD OF FAILURE & TARGET IMPACT
The likelihood of failure and the R [{plefels Kol Likelihood of Impacting Target

likelihood of impacting a target Failure Very Low Low Medium High
are combined using the matrix ISP Uiy | R g | ety
below to determine the likelihood Likely

of failure impacting a target. Probable Unlikely |  Unlikely SOS;"I"yhat Likely
g;tﬁiglg#iig; Possible Unlikely |  Unlikely Unlikely Soi'iz’lvyhat
IMPACT Improbable Unlikely Unlikely Unlikely Unlikely

The consequences of a tree failing

and striking a target are a function of the value of the target and $beerityof damagethat the failure and
impact could cause Things to consider foransequencesnclude size of the part which may fail, the fall
distance, characteristics of the target, and whether there are structures prategthe target. Consequences
of failure and target impacfall into one of thesecategories

o Negligible—Does not result in personal injury, involves levalue property damage, or disruptions
that can be replaced or repaired.

o Minor-Involves minor personal injury, lowto moderate-value property damage, or small disruption
of activities.

e Significant-Involves substantial personal injury, property damage of moderste high-value, or
considerable disruption of activities.

o Severe-Involves serious personal injury, higlhalue property damage, or major disruption of
important activities.

RISK RATING

We combine thdikelihood of failure & target impact with the consequence of failure & target impact in the
matrix below to produce a risk rating. There may be multiple modes of potential tree failure and multiple

targets to consider Sinceeach combination of failure and target will result in a different risk ratjrge would

use our best professional judgement &ssign themost severe or most likelgisk rating to the tree.

Likelihood of Consequences
Failure & Target
Impact

Very Likely Moderate

Negligible Minor Significant Severe

High Extreme

Likely Low Moderate High Extreme
S.omewhat Low Low Moderate Moderate
Likely

Unlikely Low Low Low Low
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RISk MITIGATION, PRIORITIZATION, AND RESIDUAL RISK

Once we assign a risk ratinge choosetree maintenance activities to reduce any associated ri$Ke always
prioritize Extreme and HigRisk trees first, followed by Moderate Risk tre¥ée scheduld.ow Risk treavork
during routine maintenance cycles avhentime and budgets allow.

Risk mitigation can take many forms. Common methods of mitigation include tree removal or pruning to
removehazardous partsOther forms of mitigation may include

cabling and bracing for weak branch unions,

e moving targets such as sheds or play equipment outside the impact zone,

e excluding targets from the impact zone using fencing or other barriers, and/or
e monitoring the tree.

Ultimately, it is up to the tree manager to decide what mitigation techniques are appropriate for each tree and
what level ofrisk is acceptable.

Residualrisk is the risk remaining after completing work on a tree. For example, a tree with a large dead limb
over a busy intersection might have a High-Risk rating, but removal ofthat limb would mitigate the risk such
that the residual risk is low. In this case, we removed the dead limb but retained the tree. In other cases, the
residualrisk after pruning may exceed our risk tolerance, so then we would remove the tree.
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