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The City of Chula Vista (City) is currently enhancing its asset management practices to promote effective use of
financial and physical resources and to develop a proactive approach to ingitagnfrastructure assets. As part

of this effort, theCityembarked on developing@mprehensive citywide Asset Management Program (AM Program)
that includesthe following asset management systems:

Wastewater Management System
Urban Forestry Managemeystem
Building Management System
Drainage Management System
Parks Management System
Roadway Management System
Fleet Management System

=A =4 =4 -4 -4 -4 -

The AM Progranbeganwith the Wastewater Management System as the pdsset management progranThe
Wastewater Managemnt System helped to educate the City staff on asset management processes and practices
and acted as a template for other asset management systems. The Wastewater Managementdgysteratrated

the benefits of asset managememaind the City decided to expd its asset management improvement efforts to its
other systemslisted above.

In addition to the above asset management systems, the City plans to include the following asset management
systems to develop a comprehensive citywide asset management program

1 Fleet Management System
1 Open Space Management System
1 General Government Management System

This documentlUrban Forestry Management System Asset Management Riilronly focus on theirban forestry
assets.

The City has currently inventoried and assesse@®3,983trees that it owns and managesin its Urban Forestry
ManagementSystem Concernedaboutthe ongoing maintenance needs its treesandthe liability presentedby
agingand dying trees, the City decidedto conducta comprehensivesurveyof its urban forestry systemand to
developan assetmanagemenplanto gain better understanding of its current and future needs angroactively
manageits trees.
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* Urban Forestry - Latest Data

Figurel-1 Map of Chula Vista Urban Forestry System

It isestimated that the City owns more th&®,000 trees; howevemnly the33,978trees stumpsand vacant sites
that have been inventoried and assessed covered in this document. As part of th&set managemerdontinuous
improvement effort, the City will continue to inventory and asstescondition ofits urban forestry assets.

1.1 Asset Management Program Goal

¢KS 321Kt 2F GKS /| A gh#ftram reaativettdNfaadtite langirig Zanchdnagement of its
infrastructure assets. Specifically, the City wantedaahe following

1 Gain better understanding of the current state of the infrastructure and its future needs

1 Proactively identify the assethabilitationandreplacement needs anplan the budget and resources
accordindy

1 Understand the probability and consequence of failure of each asstitad the City can manage higisk
FaasSia 0SF2NB FILAfdzZNBE YR YAYAYAT S GKS /AideQa

1 Minimize the lifecycle cost by incorpotig the latest technological advances in infrastructure
managemento develop efficient and effective preservation and restoration strategies

1 Develop a consistent and defendable methodology for prioritizing work and budgetnditure
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1 Focus on high ben¢fto-cost ratio to ensure the budget is spantthe right placefor the right reasonat
the right time, and at the right cost

1 Be transparent by involving th@ity Council and the Public the development of the asset management
program and theassociated decisions

In essence, the City wanted to gain better understanding of the current and future asset needs, asset risk profile,
appropriate levels of service, cost to provide services, and financial requirements to sustain the delivery of.service
The Citythen wanted to communicate tis improved understanding of thiafrastructure statugo the public and

the decision makers.

YSe 202S00A@Sa 27F eér&d idéntiyiahswvars to the follblEngiiedtidhsfas each asset
management syem:

1 Catch Up; What leves$ of work, resources, and budgate required to bring the assdb the required
conditional state to meet the safety, regulatory, and level of service requirerlents

1 Keep Ug; Once the asset is caught up, what lesafl work, resairces, and budgedrerequired to keep
up the level of service

1 Moving Forward; What leves of work, resources, and budgate required to sustain the level of servige

The following diagram illustrates the methodoladpe City implemented to develop the AM Program.

Engage Community Leaders

Inventory and Assess Condition of
Individual Assets

Estimate Replacement Cost of Each
Asset

Define Preservation and
Restoration Costs and Schedules

Determine the Desired Service
Levels

Understand the Finance and
Resources Required to Sustain the
Delivery of Services

Optimize Resource Use and
Prioritize the Needs Based on Risk

Communicate and Negotiate

In order to promote education, communication, and transparency, the City established two commitieessset
Management Program AdvigpiCommittee (AMPAC) anthe Asset Management Program Technical Adiy
Committee (AMPTAC). Members of the AMPAC are residents, business owners, community leaders, and
stakeholders. AMPAC visited various asset management systems and observed and discussed the issues associated
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with each asset management system. AMPAC@vers (G KS / AG@&Qa 2@0SNIft !a tNRIANIY
guide and reach consensus.

AMPTAC is &echnical committee formed within AMPAC to further engage the puhlithe understanding and
review of the asset management methodologies and logic use@fine the preservation and restoration costs and
schedules.

A comprehensive inventory of assets took place for each asset management system. Where accessible, assets were
visited andtheir conditions were assessed. Based on the condition, actions remlito restore the asset ere

identified, and the cost and timing were estimated. Through assessment of risk (probability and consequence of
failures), activities were prioritized and communicated regarding urgency and the financial and resource
requiremens.

The City defined asset management as

G5StABSNRAY3I |y Saidl of AaKSR ubl8sgefio mhimizatl®N@gde@St witiKthed S Y I y I -
ambits ofan acceptable level of rigk

¢tKS /AlGeQa | REFSAYXIINRYISFYFEWKSR G(KS FdzyRI'YSydidlt olFaixa 27

An asset management plan is a lemage planning document that provides a framework for understanding the
assets an organization owns, services it provides, riskssitmes, and financial investments it requir&s. asset
management plan can help an organization move from reactive to proactive management of its physical and financial
resourcesThis transition requires answers to the following questions:

What is an aset? What is not an asset?

Which assets need to be managed?

What are the conditions of the assets?

What maintenance and capital wogke required? When and how much?

How long until the assets need to be renewed?

Which assets are critical?

What levels ofervice must be provided?

Are the current maintenance practices sufficient to sustain the service level?

How should the assets be managed to provide services in the most efficient way?
How can the asset data and maintenance system be updated to bettétef@cmaintenance practices?
How much funding is necessary to sustain the delivery of services?

Are there adequate resources to provide the services?

=A =4 =4 4 -4 4 4 -4 -4 -4 -8 -9

The answers to these questions help in the development of an asset management plan. An asset manalgement p
is meant to grow and change withoth the organization andhe system for which it is written. In the spirit of
continuous improvement, recommendations for future improvement activities were also developed and presented.



The asset regier is the key component to developing an asset management filastablishes the data foundation
of the asset management plan by consolidating all data pertaining to the assets in the asset management system.

The initial step in developing an asset stgi was to consolidate all previously existing asset dattagh A (1 @ Qa @I NA 2 d
information systems (e.g., GliSycity, Excel spreadsheetsjdrthe asset register, creating a centralized database

Once the data was gathered, a data gap analysis wasmeefbto determine which assets or asset attribufesg.,

size, materialjvere missing from the register. This data gap analysis built a foundatidhdafata collectionand
reconciliationpart of the project. Each ass#tat was safely accessibleas visitedand assessedor condition and

missing attributes

The development of the asset register required establishing the following key components:

1 Asset Definitiong Helps to defingwhat is an assétversustwhat is not an assét With the asset
definition established, the City is able to separate assets from components and filter assets
depending on how they should be managed.

1 Asset Hierarchy Organizes the thousands of assets in the asset register. With the asset hierarchy,
the City is abl¢o easily find and support asset management decisions at any level within the asset
hierarchy.

1 Asset ClassesGroups the assets to allowéltCity to characterize the |Hfeycle behavior othe
assets in the register. An asset class is developed by grouggetsavith similar characteristics
suchas type, function, useful life, material, and siz@gether. Asset classeare usedo help model
the life-cycle cost of the assets.

An Urban ForestnAssetManagement System asset is definedaaisasset that is owned and managed by the City
with a valuethat requiresthe asset to be capitalizedin the caseof urban forestry, eachtree was consideredan
asset.The Urban Forestry Management Systeomprisesmany types of trees, including the folling:

1 Pam 1 Oak
1 Eucalyptus 1 California pepper
1 Pine 1 Chinese flame



2.2 AssetHierarchy

The asset hierarchy allows for easy navigation in the asset registefollowingfigure presentsanoverviewof the
assethierarchyestablishedor the/ A (Ugb@rdForestryAssetManagement System

Parking Lot el Parking Lot Name e Tree Type

(S
g 2
o 2 —— Street Class e Street Name  — Tree Type
> 0
S 2>
2 0 .
o 2 Street Class Street Name Tree Type
5 L
2§
© ‘53 Building Building Type | Building Name [ Tree Type

Figure2-1 UrbanForestryAssetHierarchy

At the higherlevels,the Urban Forestry Managemei8ystemassetsare categorizedby their generallocation(i.e.,
park, street, road median,building,and parkinglot). Thenextlevelin the hierarchygivesa more exactdescription

of the specifidocation,suchasthe class of the streetn whichthe assetislocated (e.g., arterial, collector, residential)
or the name of the location (e.g., park name, building narfibg last stage of the hierarchy shows the tree type.

2.3 AssetClass

Assets are grouped into classes to more efficiently model and mamegastsets. An asset class generally refers to
a group of assets that behave similarly. Grouping the assets into these ddlsses easier modeling of IHeycle
behavior.

In the caseof the Urban Forestry Management Systethe assetclasseswere definedin terms of eachii N& S Q
scientificclassificationThe asset register identifies approximately 265 different asset classes.

2.4 Assetlnventory

Oncethe assetdefinition, hierarchy,and classeswere set, the City begancompilingthe assetregister.West Coast
Arborists, Inc. performedresite assessmentand recorded theelated asset attributes (e.g., species, size)

Thefollowing tablespresenta summaryof the urban forestry assetinventory. The total number of trees, stumps,
and vacant sites inventoried was 33,971e assets were categorized by location type., park, street, median,
building, parkingloth y G KS / AG&Qa DL{ ®
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Table2-1 Urban Forestry Asset Inventosfows the urban forestry asset inventory by location type. As is shown in
the table, 69% of the trees are located along streets. Parks contain the second highest percentage of the total tree
count at 24%. The remaining trees are near buildinggoad melians, or irparking lots.

Table2-1 Urban Forestry Asset Inventory

Location Quantity Percent of Total
Park 8,045 24%
Street 23,573 69%
Median 622 2%
Building 1,539 5%
Parking Lot 199 1%

The following table offers an overview of the urban forestry asset inventory broken down by type. This table presents
the top asset typesind is nota comprehensivdist of all tree typesThe asset register identifies approximately 270
asset types

Table2-2 Urban Forestry Asset Inventory by Type

Type Quantity

VacantSite 9,115
California pepper 1,774
Queen palm 1,546
Mexicanfan palm 1,308
Chinese flame tree 1,276
Fern pine 1,080
Sugar gum 997
Chinese pistache 767
Evergreemear 726
Canarydland pine 713
Jacaranda 650
Other 14,026

As is shown in the asset inventowacant sites represerihe highest number of asseté\ vacant site actually refers
to a spot in which a tree will be planted in the future; currently, there is no existégjn any vacant siten order

to plan for the future, these vacant site assets were addséssetsthat are planned for plantingThe City has
provided an anticipated schedule of trees te planted in vacant sites. Lifizcle analyses will begin based on the
anticipated planingyear of the tree.
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Theprojectedplanting atthese vacant sites was distributed over the next 12 yeasspresented in the following
table.

Table2-3 Vacant Site Planting Projection

Year Number of VacanSites to be Filled

2016 328
2017 800
2018 800
2019 800
2020 800
2021 800
2022 800
2023 800
2024 800
2025 800
2026 800
2027 787

The vacant site planting was prioritized based on the following table. In accordance with the priority, park vacant
sites will be filled first, while recreation center and libraacant sites will be filled latest

Table2-4 Vacant Site Planting Priority

Location Description Priority
Parks Decorative, high traffic, presence of targets 1
City Streets, Arterial Hightraffic, presence of targets 2
City Streets, Collector Some traffic, presence of targéts 3
City Streets, Residential Some traffic, presence of targéts 4
Public Office Buildings (e.g., P.D., Civic Medium traffic, presence of targetsfunctional people 5
Center) spaces

Receation Centers, Library Lowtraffic, presence of targets 6

* A target is a person or propertipcated irthe vicinity of theasset whichis at risk for injury or damage in the casetaf
| & & &ifical &ilure, which presents a liability to the City.
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Size information for the urban forestry assets was recorded based on specific ranges. For instance, the diameter of
each asset was estimated within certain ranges as present@dbie2-5 below. Approximately one quarter of the

total number of inventoried trees had a diameter between 0 and 6 inches. Approximately 23% of the trees had a
diameter between 7 and 12 inches. Diamegstimations were not applicable for some assets, such as vacant sites

and somestumps.

Table2-5 Urban Forestry Inventory by Diameter

Diameter Range (in) Quantity Percent of Total System

0-6 8,650 25%
07-12 7,711 23%

13-18 4,594 14%

1924 2,241 7%

2530 834 2%

>30 823 2%

N/A (e.g., vacant sites, stumps 9,15 27%

Height was recorded based on similar ranges as presented in the table Bedasvshown in the table, approximately
one third of the total inventoried trees were between 1 and 15 feet tall. Approximately 25% of the trees were
between 16 and 30 feet talAround 27% of the trees did not have a recorded height; these assets aesafjgn
vacant sites and stumps.

Table2-6 Urban Forestry Inventory by Height

Height (ft) Quantity Percent of Total System
01-15 10,524 31%
16-30 8,544 25%
3145 3,024 9%
46-60 1,472 4%
>60 1,132 3%
N/A (e.g., vacant sites, stumps) 9,282 27%
2.5 AssetValuationversusAssetReplacementCost

In atypicalassetmanagemenplan, the valuationand replacementcostare synonymousValuation is represented
as summation of replacement cofgr all assetsUrbanForestry presentsa uniquechallengebecausehe valueand
the replacementcostare not calculated the same way

Atree fluctuatesin valueduringits lifetime. Asthe tree grows,it canaddvalueto the surroundingarea byproviding
shadeand other benefits Asit agesand beginsto die, however, its value decreaseslin addition, it is generally
impossibleto replacean old tree with one that is the exactsizeof the current tree. It is much more commonto
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replacealargeold tree with a younger,smallertree simplybecausehisiswhat alocalnurserycanprovide.

Forexample,a deadtree presentsno value;in fact, it generallypresentsa liability to the City. Thisis recordedin
dataform asa valueof $0. Thecostto replacethe tree, however,is significantlymore than $0. Separatevaluation
andreplacementcostmethodologies were developedr the Urban Forestry Management $stem.

2.6 Asset Valuation

Thevalue of eachtree wascalculatedusingthe following formula:

Value = Basic Tree €& Species Rating x Condition Rating x Location Rating
The factors in the value calculations are explained in the following sections.
BasicTreeCost
Thebasictree costisbasedon the sizeof the tree. Thebasictree costwascalculatedusingthe followingformula:
Basic Tree Cost = Replacement Cost + Base Price x (Adjusted Trunk AreAdjasted Trunk Replacement Value)
ReplacemenCost

Thereplacementcostwasbasedon the averagelargesttransplantablesizedtree that a nurseryin the areaof the
Citycouldprovide.The estimated replacement cost in this case is $500.

BasePrice
Thebasepriceis a preassignedgrice per squareinch.
AdjustedTrunkAreaValue

AdjustedTrunkAreavalueisthe area of the trunk cross sectidrased onthe measuremenf the diameterof the
tree trunk at 4.5feet abovethe ground,calleddiameterat standardheight (DSH). The diameter for each tree was
assigned a range during the inventory process. For estimation purposeflineing values were usefbr the
diameter in this formulaln most cases, the diameter value used was the mean average of the diameter range.

Table2-7 Diameter Assumptions

Estimated Diameter Range Diameter Value Used (in)

(in)
07-12 9.5
1318 15.5
1924 21.5
25-30 27.5
>30 40

KAYUGASOLUTION
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AdjustedTrunkReplacemenYalue

AdjustedTrunkreplacementvalueisthe area of the trunk cross sectidrased orthe measuremenbf the diameter
at 4.5feet abovethe ground,calleddiameterat standardheight (DSH), of the averageargesttransplantablesized
tree that anurserycanprovidein ChulaVista. This average diametewrs estimated to bd inches

SpeciesRating

Arating was assignetb each species order to differentiate betweenthe generalrobustnessof the plants. The
factorsthat were considered in the development of tispeciesatings are asfollows:

- Hardinesg; resistanceo cold

- Durabilityq resistance to damage

- Longevityg length of expected life

- BioticToleranceg resistanceto damagedone by other livingorganisms

Thefollowing table presentsa sampleof the ratingsassignedo eachspeciesFor a full list of the species ratings
assigned to the Urban Forestry System, please teféppendixA.

Table2-8 Species Ratin§ample

Species Species Rating ’

Eucalyptus 0.8
Pine 0.9
Pepper 0.5
Queen Palm 0.7
Pear 0.8
Fan Palm 0.7
Sycamore 0.9
Elm 0.8
Magnolia 0.9
Oak 1

Oleander 0.6

ConditionRating

The condition scoresassignedo each asset during esite inspection were factors in the overall valuation of the
asset These condition ratings were translated into a rating on a scale of ONtofe information on the condition
assessment can be found in Sectio8. 2.

KAYUGASOLUTION
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Loation Rating

Alocationrating wasassignedo eachassetbasedon whereit islocated.

Table2-9 Location Rating

Location Description Location
Rating

Parks Decorative, high traffic, presence of targets 1

City Streets, Arterial High traffic, presence of targets 0.9
City Streets, Collector Some traffic, presence of targéts 0.8
City Streets, Residential Some traffic, presence of targéts 0.7
Public Office Buildings Medium traffic, presence of targetsfunctional people spaces 0.6
Recgeation Centers Low traffic, presence of targets 0.5
Libraries Low traffic, presence of targets 0.5

* A target is a person or propertipcated irthe vicinity of the assewhich is at risk for injury or damage in the caséhef
| & & &ifical &ilure, which presents a liability to the City.

Medians and parking lots received a location rating based on the street class on which they were located. For
example, trees on medns in arterial streets received a location rating of f. &.recreation center was adjacent to
a park, the park location rating was used.

Asisshownin the tableabove the locationratingfor eachassetisbasedon anumberof factors.Trafficandpresence

of targetsare major factorsin assignindocationratings.A target is a person or property, located in the vicinity of

the asset, which is at risk for injury or damage inthe cdse (G KS | 3a S0 Q& ONRplesebtsd Tl Af dz
liability to the City.Assetsn parkswere assigned highlocationrating becauseof the highnumberof targets,such
aspeopleandautomobiles in thoselocations.

Vacant Sites and Stumps

The value of vacant sites and stumps was estimated to be $0. Althougipstmay add value to their surroundings,
such as providing wildlife habitats in parks, their value has not been quantified at the time of this report.

KAYUGASOLUTION
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Overall Valuation

The overall valuation of thé&rban ForestryManagement System is determindyy aggregating he assety-asset
values.The total valuation for théJrban ForestryManagement Systers approximately $38 million. The figure
below presents the valuation broken down by location type.

As is shown iUrban Forestry Asset Vaidigure, street trees have the highest value at $67.5 million. Park trees have
the next highest value at just under $61 milli®uilding trees are valued at approximately $5 milliMedian trees
have an approximate value of $3 million, while parking lot trees are valued at just under $1 million.

$5,339,500
_

$976,400

$3,181,300

\_ $60,972,200

SG7,515,791J

m Park = Street = Median w Building = Parking Lot

Figure2-2 Urban Forestry Asset Valu
2.7 Asset Replacement Cost

As mentioned in Section&.the replacement cost was based on the average largassplantablesized tree that
a nursery in the area of the City could provide. This cost could include deaetme®alor stump removal and the
labor for planting a new treeReplacement cost is filher explained in Section 4.2.

The overallreplacement cosof the Urban Forestrylanagement System is determinég aggregating he assety-
asset replacement cost3he total replacement cost for therban ForestryManagement Systens approximately
$48 million. This number is much lower than the total valuatidhis is expected because the value of the current
trees is higher than the younger, smaller trees with which they would be replaced

KAYUGASOLUTION
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Figure 23 presents the replacement cost for the entitban ForestryManagement Systerhy location typeAs is
shown inthe figure street tree replacement makes up the largest portion of the replacement cost at $34 million
Park trees have the next highest replacement cost, at just under $10 million. Médligating, and parking lot tree
replacementcoststotal approximately $3.7 million.

$1,527,225___ |

\ $9,983,050

$34,296,750

m Park = Street w Median = Building = Parking Lot

Figure2-3 Urban Forestry Replacement Cost
2.8 Condition Assessment
Condition is one of the best indicators for estimationimimediate or future restoration work. During the asset
AYyO@Syili2NER FTAStER @GArairitazr SIFEOK aasSiQa 02y RhyWetCoastl &
Arborists, IncWhere condition was much worse than expected, it was recommendatittie City investigate the
cause to prevent further abnormal deterioration of the a@&€bndition.
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The table below describes the methodology used to assess the condition of the trees. Several aspects of each asset werk cexamicondition
assessment. For the tree structure, the [visible] root condition and formation, trunk condition, and branch assembly agdraerst were considered. For
the tree health, crown indicatonsere considered, such as vigor, density, leaf size jtyuahd stem shoot extension8s is shown in the table, a tree in good
condition was given a condition rating of 1. The worse the condition, the lower the condition,ratintge way down to O for a dead tred dead tree is a

tree that fails to meethe minimum requirements for a Very Poor rating.

Condition

Table2-10 Condition Rating Matrix

Tree Structure

Tree Health

Condition
Score

Condition Ratingfor

Value Calculation)

Root plate undisturbed and clear of any obstructions.

Perfect specimen with excellent form and vigor, well
balancel crown. Trunk is sound and solid. No apparent pe

Root flare has normal development. No visible trunk B
Good " : . problems. Normal to exceeding shoot length on new 1 1
defects or cavities. Branch spacing/structure and . .
growth. Leaf size and color nornfal the species.
attachments are free of any defects. . . .
Exceptional life expectancy for the species.
Root plate appears normal; only minor damage may be -
P .pp . Y . 9 Y Imperfect crowndensity in few parts of the tree, 10%
found. Possible signs of root dysfunction around trunk .
. . . ) or less, lacking natural symmetry. Less than half normal
. flare. Minor trunk defects from previous injury, with . - .
Fair . . growth rate and minor deficiency in ledévelopment. 2 0.9
good closure; less thatb%of bark section missing. )
L . ) . Few pest issues or damage, controllable. Normal branch i
Good branch habit, minor dieback withree signs of ) S
. . . . stem development with healthy growth. Typical life
previous pruning. Codominant stem formation may be .
) . ; expectancy for the species.
present. Minor corrections required.
Root plate reveals previous damage or disturbance and . .
P . P - g . Crown decline and dieback up 26% of the cown.
dysfunctional roots may be visible around main stem. .
. " . Overall poor symmetry. Leaf color somewhat chlorotic
Evidence of trunk damage or cavities with decay or ) . .
Poor . . with smaller leaves. Shoot extensions indicate some 3 0.75
defects presentMore than 15%of bark sections missing . ) " . .
. . stunting and stressed growing conditions. Obvious signs
on trunk. Codominant stems are preseBtanching . .
: - . of pest problems. Some decay areas found in main stem
habit and attachments indicate poor pruning omdage, .
. . : branches. Below average life expectancy.
which requires moderate corrections.
Root plate disturbance and defects indicate major . . .
P R J Lacking full crown, more tha26% decline and dieback,
damage with girdling roots around the trunk flare. . . . . .
. . especially affecting larger branches. Stunting obvious witt
Trunk reveals more thaB0% of bark section missing. little evidence of growth on smaller stems. Leaésind 4 0.5
Very Poor Brancteshavepoor attachments, with several 9 . . ’
. ) color reveal overall stress in the plant. Insect or disease
scaffolding branches/lateral limlwead or broken. wn . ) . .
. . . . infestation may be severe. Extensive decay or hollow. Life
reveals signs of severe damage or topping, with major .
. . . expectancy is low.
corrective actions required.
Dead 5 0
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Table 211 below shows the results of the condition assessméstis shown in the table, the majority of the assets
are in good or fair condition. Although many of the trees are in good condition, the trees in poor condition and the
dead trees are important tanonitor and manage.

Table2-11 Condition Assessment Results

Condition Quantity Percent of Total
Good 13,643 40%
Fair 8,379 25%
Poor 2,338 7%
Dead 269 1%
Vacant Site/Stump 9,349 28%

KAYUGASOLUTION
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3 RiskAnalysis

Risk is a key component of asset management. Risk isfoisetfective prioritization ofimited resources. The two
main components of risk are Probability of Failure (PoF) and Consequence of FailurB¢E@rdvides an indication
of timing to failure. CoF provides an indication of the impact of a failure.

The following formula is used to calculate risk:

- Probability of Consequence
.

The components of thesk calculatiorare described in detail in the following sections.

3.1 Probability of Failure

The Pobability of Failurescore indicates the projected time until the asset fails to function at the established levels
of serviceThePoF score for each asseas based on the conditiorating given tothe asset PoF was calculated on
a score of 0 (low probability of failure) L (extremely high probability of failure).

In the case of urban forestry, Probability of Failure is more accurately referred to as Likelihood of Failure. Likelihood
of Failure is a term developed to describe the dynamic nature of the living assetsUnithe Forestry Management
System.

KAYUGASOLUTION

17



This condition assessment data translated to the PoF scores for the urban forestry systemFagses3:1 Map of
Probability of Failurshows a map of the urban forestry assbysPoF level

National
City

PoF

¢+  low
Medium Soices . Exri HERE  Detaorme USGSalntermap incement P.Corp., NRGAN, Esri Japsn, METI, Esri
o High China {Hong Kong) i Thailand), TomTom, Mapmylndia, ® OpenStreetMap contributors, and the GIS

User Community

Figure3-1 Map of Probability of Failure

Asis shownin the map, many of thetreeswith medium tohigh probability of failure arelocatedon the west sideof
the City. Thisis expected asthe westsideisthe olderareaof the City,andthe treesthere are expected to beolder.
Theeastside of the City showsa higher number ofreeswith low PoFscores which is as expectedecausethey
havebeenplantedmorerecently.

3.2 Consequencef Failure

CoF is a numerical measurement of the criticality of the asset, thiéteigyossible consequence of the failure of an
urban forest asseti.g.,tree or tree part) The impact of failure was assessed with respec¢hédtriple bottom line
factors of sustainabilityecornomic, social, and environmental

Inthe Urban Forestry Management SystgboFcan be seen as a measurementioé consequencesf atree either
falling or breakingin sucha waythat would causeinjury to personsdamageto property, or disruption of activities
Theimpactof a failure in the / A (Guéb@n&brest can be catastrophic;a falling tree branchcould causeproperty
damage major injury, or even deathandmayresultin alawsuitagainstthe City.

KAYUGASOLUTION
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The CoFlogic presented inTable 31 determines the probable consequence of failure for each asset based on
location.

Table3-1 Condition Rating Score Logic

Location Description CoF
Parks Decorative, high trafficGonstant occupancypresence of targets T
City Streets, Arterial High traffic,frequent occupancypresence of targets 4
City Streets, Collector Some trafficfrequent occupancypresence of targets 3
City Streets, Residential Some traffic, presence of targéts 2
Public Office Buildings Medium traffic, presence of targetsfunctional people spaces 2
Receation Centers Low traffic, presence of targets 1
Libraries Low traffic, presence of targets 1

* A target is a person or propertipcated irthe vicinity of the assetvhich is at risk for injury or damage in the cas¢hef
I & & &itical &ilure, which presents a liability to the City.

Asis shownin the table above,the CoFor eachassetis basedon a numberof factors. Thepresence of targetand

visibility of failuresare major factorsin assigningCoFscores A target is a person or property, located in the vicinity

of the asset, whichis @A &1 F2NJ AyedzNE 2NJ RIFIYF3IS Ay GKS OrasS 2F (KS
to the City.Assetsin parkswere assigneda high CoFbecauseof the high number of targets, suchas people and

automobiles in thoselocations.

Hightraffic areasreceiveda higher criticality rating becauseof their constant occupancy and the possibility of a
significantto severe consequence of a tree failirethose arezs.

KAYUGASOLUTION
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Thefollowing map summarize the CoHindingsfor the Urban Forestry System

National Bonita
City

CoF
¢ low
Med'um ‘Sources : EsrifHERE  Delorme USGSuintermapy.incement P Corp., NRCAN, Esri Japan, METI, Esri
. High Chins {Hong'Kong) "Esri{ Thailand), TomTom. Mapmylndia, ® GpenStreetMsp contributors, and the GIS

User Community

Figure3-2 Map of Consequence of Fagur

Asis shownin the map above,high CoF trees appear more frequently on the east side of the Titgis because
many of the treesthat have beerinventoriedon the eastside of the Cityare locatedin city parksand thus were
assigned highCoFscore. Although some trees on the west side of the City are in medium to high traffic areas, many

of thetreeson the westsideof the Cityarein areaswith lower presenceof targetsandlower traffic, which resulted
in low CoF ratings.

KAYUGASOLUTION

20



3.3 Risk

Thefollowing figure showsthe resultingrisk profile for the Urban Forestry System This profile incorporates both the PoF and CoF scores to prioritize the
assets.

Figure 33 shows the risk matrix for th&lrban Forestry SystenThis matrix gives a visual representation of the risk the assets pose. The risk-todeldr
depending on the CoF and PoF scores. Each section of the risk matrix presents the replaceraadtrmasiber of assets in that risk rangéwe City has been
most concerned about the assets in the red zone (i.e., Catch Up). These assets have the highest probability and inyraciTokfassets in the red zone
also include the backlog work (i.activities from previous years that has yet to take platag total replacement cost for the red zone assets is approximately
$550,000.

1.00

0.80

0.60

0.40

Probabilityof Failure

0.20

0 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00

Figure3-3 Urban Forestry Risk Matrix
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The figure below shows a map representing the risk levels of the trees.
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Figure3-4 Map of Risk
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Within the red zone, ssets with a risk score @f or higher were considered high risk assets. These assets are
presented in the table belovNearly all of these assets are dead or dyingdreehigh CoF areas.

Table3-2 High Risk Asset Replacement Cost

Asset Type Replacement Cost

Broadleaf Tree $ 1,250
Broadleaf Tree in Park $ 123,750
Broadleaf Tree along Street $ 6,250
EucalyptusMedium in Park $ 1,250
Eucalyptus, Small in Park $ 25,000
Stump $6,825
Stump in Park $48,300
Grand Total $ 212,625

KAYUGASOLUTION
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The Ciy determined that the activityhat needed immediate action wdlke removal ofdead and dyingrees. These
assets posed a liability to the City. Tleenoval of these assets washeduled to take place in 2015.

There wereapproximately275 dead trees inventoried during condition assessmenéséhepresented around 1%
of the total urbanforestry inventory. The removal of these trees was estimated to cost around $200,000.

The map below shows the locations of the trees identified for removal. Specifically, these trees marked for removal
includedead, diseased, declining, or poorly structtiteees. These trees present a seriopgtential safety hazard.
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Figure4-1 Urban Forestry Immediate Needs Map

Once the trees in the poorest condition were identified, the trees that presenhitileest riskvere prioritized. Trees
located in parks have the highest risk, so the dead and dying trees in parks were given the highestfgriority
removal The following figure presents the higisk immediateneeds assetswith the park boundaries marked in
green The total cosbf removingthe highrisk dead trees is approximately $88,2&0approximately $700 per tree
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Figure4-2 Urban ForestnBystenHigh Riskmmediate Needs

As mentioned before, the removal of dead trees is critical. The failure of an assetUnithe Forestry Systeposes
a large risk to the City. lbility lawsuit for an injury caused by a fallen tree couldtd¢be City millions of dollars.

The lifecycle cost logic is a set of activities that are needed to mairted assets (e.ginspection& maintenance,

rehabilitation, replacemen} and heir associated costs. The légcle cost logic drives the estimation of the future
finandal needs of the assets.
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