URBAN FOREST
MASTER PLAN

,..Clty of Columbla
‘Missouri

April 2018 .

A0S
NS A
Prepared for: "f;':,{- . ) MA . Preparedby: g
City of Columbia § '{ " Davey Résource Group. , Incj
701 East Broadway Street 3, o Floor | 1500 Nerth Mantua Street =

Columbia, Missouri 65205 £ L v Kent, bhlo 44240
800-8F8~8312

]
:

Resource Group




TABLE OF CONTENTS

EXECULIVE SUIMIMANY. .....eiiiiiiiiiiiit it ieeet e e e e eeer et e e e e e e e e bbb e e e e emms e et e e e e e e e e e s e e e e e e s emmmes iv
11 o T 18X (o o 1
ADOUL tNE PrOJEIL. ...t et e e e e e e e s e ena e e e e e e e e e e s e nnn e s enennrnee s 1
Strengths of Col.umbi.ad.s..Ur.ban.. Faor.est. ... 3
Challenges to Col.umhi.ads..Ur.bhan..Far.es.t. ... 4
WRY Plan fOF T ES2....cciiiiieiieeeeeee e eeet et ettt ettt e e ettt e bbb b e raeeeeeeeeeaaeaaaaaaaaaeeessnnnes 5
State of ColumbIa's UrDan FOIESL........cuiiiiiiiiiieeeiie e eeni e e e e enenssb e e e e e s 6
Prioritized Planting Pl an t.o..Gui.de..and.. Ex.p2d
Assessment of Street Trees iN COIUMDIA...........uuuiiiiiiiiiec e e 32
Assessment of Existing Urban Forest Management and Operations..........cccccccvvceeeeereeeeeeeeeeeeenn, 41
Benchmar king Columbiaés Ur ban..F.ar.es.t..Ma.n.a.gsé
Urban Forest Management BUudget ANAIYSIS.........uuiuiiiiec e eeees s 55
I LoT0Te |t &Ko o I =¥ T Vo [ o T 58
I LS (=] 0PTSRS 59
Fiscal and Vision Impacts of Urban Forest MastanfRecommendations.............cccvvvvvvvimenneeeennnn. 84
(@] o 117 o PP 85
(€101 T= Lo SO PP PP PPPT T PPPPIN 87
=] (=] = T USSR 90
Tables
1. Prioritization and Fiscal Impacts of Urban Forests Master$famary
RECOMMENUALIONS. ... ..ttt e e e e e e et e e e e e e e e e e e e e e e s s s nnne e e e e e e e e nnnes Vil
2. Tree Canopy Land Cover Metrics Within City Limits, Wards, and Parks..................... 8.
3. Critical Forest Areas by WardS...........ooooviiiiiiiiiee e a e 13
4. Columbia's Urban Tree Canopy Benefits..........ccoooiiiiiimmmriiiiiiiiee e 19
5. UTC, Land Cover, and Ownership Percentages, and UTC Benefit Values for the
Central, North, and East NeighborhoQds............ccccoooiiiiieeeiiiiiici e, 21
6. Total Benefits Values for 5% and 10% Increases in Urban Tree Canopy.................. 26
7. Summary of Planting Site Prioritization CityWide...............c.uuuiiiiimmmniiiiiiiiiiiieeeeeee e 28
8. Trees Noted to be Conflicting with INfrastruCture............ccccooviiiieec e 38
9. Select Statistical Findings of the Central, North, and East Neighborhood Street
BSR40 =SOSR 40
10. Potential Stree Tree Planting Sites in Columbia as Determined by UTC Analysis....44
11. StatisticalSummary of Leaf Litter CONCeNratioNS.........ccvvviiiiiiiiiiieeeeiieeeeee e 45
12.Benchmark Metrics for Urban Forest Management.............ccccuvvvimmmnneeniiiiiiiiiieeeeee 82
13.Urban Forest Budgeting and Operations Benchmark Metrics...........ccccooeevieeeeeeevnnnnnn. 53
14.Urban Forest Maintenance and Planting Tasks and Total Budget by.Ward.............. 56
15. Prioritization and Fiscal Impacts of Urban Forests Master Plan
Primary RECOMMENTALIONS.........ooiiiiiiiiii et eee bbb e e e e e e e e e 84

Davey Resource Group i April 2018



Figures

1. How t he urban forest supports the City of

oL [0 BT =1 (=T o [T ST PP PP PP PPPPRPPPPPPPR 5.
2. Columbiabés citywide urban tree canopy 1 s

city limits and among the Wards.............ooeiiiiiiiiii e 7.
3. Citywide, park, and ward distribution of [and COVEL.............oovviiiiiiicccri i 8
=T g To] o) VA=Y g o I s [oTo] 1 o =T PP P PP UTRPPPTPPPP 9
5. Avoided stormwater runof f adnopy 2eR012).d...1l 0 C
6. Citywide delineated catchments and prioritized catchmenis...............ccccooen i 12
7. Critical forests within prioritized catChmentS............ccooviiiiiiieee e 12
8. Citywide urban tree canopy health in Columbia............ccooiiiiimameee, 14
9. Forest health classification distribution between wards............cccccvvviieeeiiiiiiiiiiinnnennn. 15
10. Forest healtlelassification distribution in the neighborhoads................cccocoiiee s 15
11.Wildlife corridors in area A link habitats while fragmented forests in area B

lead to a decline in habitat qUality...........cccuuiiiiii e 16
12.The Central Neighborhood has 32.82% UTC which provides over $1,473,000 in

annual benfgs to the residents and the city as a whole.............cccccvvieeeiiiiiiiiiin. 22
13.The North Neighborhood has 23.16% UTC which provides over $1,774,000

in annual benefits to the residents and the city as awhale................ccoocee s 23
14.The East Neighborhood has 39.00% UTC which provides over $3,854,000

in annwal benefits to the residents and the city as awhale................ccccoieeeee 24
15. Features used to prioritize planting areas in Columbia..............cccvveee i, 27
16. Citywide planting plan Priofity @rEaS...........eeeiiviiiiiiiieeeeieee e mmme e 29
17. Distribution of the citywide prioritized planting sites by ward.................cccoovieeevvnnnnns 30
18. Distribution of target neighborhds prioritized planting Sites............cccvvveieiiiieeciennnnee. 30
19. Street tree CONAItION FALING.......uuuueiieii e e e e eeer e e e e e e e e e e e n—n s 34

20.Five most abundant species of the inventoried population compared to the 10%.RuBs
21.Comparison of diameter size class distribution for inventoried trees to the ideal

[0 15T 11 1[0 o USRS 36
22.Currents ummary and distribution of tree..lBai nt
23.Potential impact of insect and disease threats noted during the inventory................. 39
24. Qualitative leaf litter concentrations CityWide.........ccoceeeiiiiiiiiieeeii e, 46

Davey Resource Group ii April 2018



Appendices

Species List

New Tree Car&chedule

Maintenance Standards and SOPs

Risk Assessment Table and Information
UTC Methodology and Accuracy Assessment
Leaf Litter Methodology

. Target Neighborhood Inventory Msip
Critical Forest Methodology

Prioritized Planting Plan Methodology
Tree Canopy dalth Methodology

i-Tree Methodology

XReTIETMMOO®W

Davey Resource Group iii April 2018



EXECUTIVE SUMMARY

Columbia has a vision that its urban forest is sa
efficient to maintain, complements its development gog
delivers equitable benefits, and enhancedivability of
the city. To accomplish goals and objectives to real
this vision, a comprehensive tree management pla
required. This plan was developed to asSistumbia to
better under st and i ts
structure, and tree maintenance nesslsvell as plan for
both shortterm and longerm resource allocation an
develop risk management strategies.

The plan was accomplished by completing these task§

(@]

Aggregating and supplementing existitigee and
planting site inventaoes

Determinng andmaypingthe citywideand target neighborhoanopy cover
Performing advanced analyses of tteecanopy cover data

Calculaing tree benefitgitywide and for the target neighborhoods

Developng a proactive tree maintenance and planting program

Creating a prioritized planting plan

Making datadriven, sustainable urban forest management recommendations
Preserihg a multiyear budget

O« O« O« Ox¢ O« O« O«

A brief summary of the datand informationacquired analyses performedand list of
recommendations follows.

Amj sk g _ %dJrb@nglreevGagopyc

The urban tree canopy (UT@)asdetermined by classifying the land cover within the entire city
boundaries; this include both public and private properiiee. UTC analyss found that 35.6%

of Columbia is covered byee canopy, while 22.5% of the city is covered by impervious surfaces
(roads, buildingsetc) that repel stormwater and contribute to heat island effects. The remaining
land in the city is pervious areas of low vegetation such as lawns and shrubs (3&E/spil
(4.3%) such as athletic fields; and open water (1.5%).

The analysisisoreveals that:

Ward 4 has the highest UTC at nearly 46%

Ward 1 has the lowest UTC at 25% and, as expected, has the highesigeroémntpervious
cover at over 51%

Tree canopy covers 23% of the North, 33% of the Central, and 39% of thetafget
neighborhoods.

5 Col umbi ads par ks haywhiclarne parveesreangtes olfl % 40% L
cover.

(@] O«

(@]
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Tree Benefit Analysis

Trees provide significant ebenefits to the City o€Columbia Every year, and simultaneously,
trees give the city and citizens the benefits of air and water quality improvement, stormwate
management, energy use reduction, and enhanced property valuasstrgtics among many
others.

Columbiabds existing citywide tree canopy p
annually. In addition to the annual benefits, the carbon stored by the current UTC contributes a
additional $66 million in benefitsbringing the collective benefit amount to $211 million.
Col umb i a bGas irreplaceable asdetcause they:

o Remove almost 925,000 pounds of pollutants from the air every year, and these air quali
improvements have the impressive value of $iilkon annually.

o Intercept 336 million gallons of stormwater annually; this important infrastructure service is

valued at approximately $672,000 each year.

Save over 16 million kilowatt hours of energy annually through decreased heating and coolin

cost® a savings of over $1.8 million for consumers.

Account for almost $139 million in property value increases, representing the largest singl

benefit value reported

(@]

(@]

Columbiabds street trees provide approxi mat

Aesthetic and other benefitglued at $112,739 per year.

Air quality: valued at $11,575 per year

Net total carbon sequestered and avoigatlied at $9,141 per year
Energy:valued at $89,954 per year.

Stormwater peak flow reductiongalued at $74,57per year.

O« O¢ O« O¢ O«

Prioritized Planting Plan

While all available planting sites in the city limits may ultimately be planted over the next severa
decades, the trees planted in the next several years should be installedneduigireas and in
locations that will allow the trees to provide the nostefits and return on investment. Columbia
now has a prioritized planting plan to guide future tree planting. Based on a number o
environmental and socieconomic factors, plantable areas were categorized as Very Low to Very
High.

The distribution of tk various planting priority classifications is fairly even across the city. The
Low and Very Low priority sites naturally are located at the city limits away from the developed
urban core where existing tree canopy is more abundant.

Based on the statistics

o Ward Two has the greatest total number of High and Very High priority acres combined at 53
acres, and Ward Three has the second highest combined total at 495 acres. However, th
acres comprise 28% and 19eéspectivelyof the total plantable acrestimose Wards.

o Ward 1 only has a total of 274 acres of High and Very High priority planting sites, but those
comprise 43% of the plantable areas in that Ward.

5 High and Very High planting sites compr.i
areas, whre those same classes represent only 26% in the East and 29% in the West.
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A mj s k Sgeet%ge Inventory

The tree inventory is an important planning tool that should help thefO@glumbiaestablish a
systematic program for tree care and determine budget, staff, and equipment neec
Implementation of the maintenance recommendations will improve public safety and help guid
future management decisions. When properly maintained, trees eeturomic, environmental,

and social value to the community. These benefits greatly outweigh the time and money invest
in planting, pruning, protection, and remoMal2017,Co |l umbi ads exi sting
planting site inventoes werecombired andupdated The following brief statistical summary of

the street tree population reflects genus and species compaosition, condition, primary maintenar
recommendations, and risk ratings:

o Atotal 0f5,282 sites have been collectezgpresenting 5,049 trees, 144 stumps, and 89 planting

sites(Note: Planting sites were only collected in a limited area of the City and do not provide

an accurate representation of available planting space)

Generally, species diversity @olumbia is good with over 130 different species identified.

Overall, the vast majority (74%) of Col un

trees in Good condition. At the time of the inventory, only 9% of trees were either identified

as Por, Critical, or Dead.

6 Since the majority othe streetrees are in fair or better condition, required maintenance is
considered routine. Recommended primary maintenance needs indleddkemoval (6%);
Stump Removal (5%); Routine Pruning (65%); Younge Train (21%); and Plant Tree (3%).

A mj s k Udan%arest Management Approach

To assi st in strategic planning to | mprove
performance were compared with those of other cities and national standasdsmfdrmation

gives perspective on how Columbiabs progr al
The benchmark information reveals both strengths of and opportunities for improvement fo
Col umbiabs urban forest and its management

O« O«

Indi cators of positive aspects of Col umbi abs

5 Col umbiads urban tree canopy cover i s gre
peer group.

o The return on investment is positévdor every dollar of public funds spent on trees, the city
and citizens receive over $4 of annual benefits.

o Theci tybs approach compares favorably in t
operations are penfmed in a similar manner as benchmark cities.

However, the benchmark information reveals that Columbia could improve its managemer
approach by:

6 Increasing its commitment to fund a progressive urban forest management program. In relatic
to the annual munipal budget, the amount dedicated to tree management is the lowest of al
national and regional averages and peer city percentages.

6 Increasing maintenance and using a proactive approach; the annual maintenance product
rates are the lowest.

6 Increasing ad having a systematic planting program; the annual planting rates are the lowes
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Urban Forest Management Recommendations

Based on the analysis of the inventory and UTC data, with city astdffpeer groumput, and
applying arboricultural industrgtandards and best management practicesCdhanbiaUrban
Forest MaterPlan presents recommendations in major action steps and outlines programs ar
procedures for achieving success for small and large tasks in both the short and long terms.

Table 1. Prioritization and Fiscal Impacts of the Urban Forest Master Plan% grimary Recommendations

High Priority Removals High 1 year $64,016 3
High Priority Pruning High 1 year $58,875 2.1
Complete Inventory High Annually $5,000 5.4.1
New Tree Maintenance High Annually $12,920 2.1
Create a Risk : No cost (city staff)
Management Plan AlEln 1 year $8,000- $15,000 for consultant J
Create and Implement
a Strategic Planting : .
Plan - Citywide and/or High 1 year Variable 2.1
by Neighborhood
Moderate/Low Priority Medium 3 years $32,169 3
Removals
Routine Pruning Medium 5 years $578,720 2.1
Young Tree Training Medium 5 years $23,160 2.1
Tree Planting Medium Annually $18,088 2.1
Update Inventory Medium St 10 $25,000 5.4.1
years
Plant Health Carg Medium 3 years Variable 2.1
Program/Inspection
Renew TreeKeeper® Medium Annually $2,500 3.4.1
Use the UTC Analyses . . 3.4.1;5.2.2;
Citywide Medium 1 No cost (city staff) 12.1.1:12.3
Evaluate Urban Forest . . .
Management Structure Medium 3to5years No cost (city staff) 3.4.3;10.1.3
General Public . No cost (city staff); $2,000- $4,000 3.4.3;8.2.1;
Outreach Medium Annually (printing and materials) 8.34
Perform Funding and . No cost (city staff);
Operations Reviews Medium 3 years $10,000- $20,000 for consultant 343
Stump Grinding Low 1to 3 years $8,040 2.1
. No cost (city staff) 5.3.2;5.4;
Update Ordinance(s) Low S years $10,000- $15,000 for consultant 9.1
Create a Tree Board . )
and Volunteer Corps Low 5 years No cost (city staff) 2.1.1;9.1.3
Update UTC Low 51010 years $20,000 for consultant 3.4.1
Davey Resource Group Vil April 2018




INTRODUCTION

Col umbi ads publ i comi@ne do createi am arbae tree canay frat/ides
numerous benefits taty residentspusinesses, students, and the metro region as a.Win@se
benefitscomein the form ofsignificantcontributions tostormwater management, public health
improvement energyuse reduction, aipollution abatement, anthe overall quality of life Like
many communities ihighly populated urban areas, tbeosystem, economic, and soGatvices
from trees become more imgrtant to Columbiaeach year ashe population increase and
economic development continues. Unfortunately, ong wi t h Col umbi ads
change comstressrs onthe urban foreghat challengehe managemermdf this dynamig living
naturalresource

Recognizig the value of the urban fore€iplumbia hasssessdthe extent o€urrenttree canopy
andhas conductestreet tree inventorgssessments. This Urban Forest Master Plan represents the
next stepinthel t y6s ef f orplan forthe sustanabdity and Enprgvement thiis
valuablecity assetThis plan usgtheinformationfrom urban forest studies, prograperations
information,city goalsand strategieandbenchmark data from comparable citiesinderstand

and make ecommendationgor the longterm management and preservationGuiflumbia s
valuabletree canopy cover.

This planalsoprovidesinformation on thesurrenturban forestonditions inColumbig discusgs
inventory and urban tree canopgta analyss andfindings, and makes sherand longterm
recommendations that will strategically accomplish citywide and urban forest management goal

ABOUT THE PROJECT

This plan was developed using an adaptive management approach, and is the result of reses
andanalyses that centered around the following questions and topics:

What do we have now?

(I - =
5 How much tree canopy doe What Do We
Have?

Columbia have?
How does that compare with othe T

ASSESSMENT

O«

cities?

o Where is the tree canopy?

o How are we managing the urba [ e What Do We
forest now? Doing? Want?

6 What condition ighe urban forest in | S=iale 0 < - VISION
currently?

o What challenges are we facing in tt
comingyears?

6 What are we doing well?
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What do we want in the future?

(@] (@]

(@]

Wh at is Columbiabés vision for the future
What is the recommended canopy level?

What does it take tanove to a proactive management program and what are the associate
costs?

How do we get there?

O« O« O«

O«

What do we need to reach our goals?
What steps will get us there?

What resources will be needed?
Where do we start?

How will we measure success?

0

(@]

What benchmarkshould we use to measure success over the coming years?
How often should we take stock of our progress arel/eduateour strategied

To help answer these questions, urban forest data were analyzed and many sources of informa
were used and referengeuohd included

0

(@]

O«

O«

O«

An urban tree canopy (UTC) assessment;

Examination of the existing street tree inventory data, as watldisonalfieldwork to update
the inventory on select streets and in three priority neighborhoods (North, Central, and Eas
andsignificant workto improve the quality athe existingnventorydatawas necessary;

Il ntervi ews and meetings wi t h Publ i c Wo r
management of the public trees and discuss future;goals

Review of existing plans ardbcuments including findings from past urban forest studies, city
visionngoal s and st r &taegdlana,n dCdlhemlkciiadbs code
Urban forest ranagement data from other communities to compaitt Col umbi a
management approgch

GIS analysisand mapping fordaf debrisand

Best practices sourcasichasA mer i can Publ i c Works Associ
Quality Management of the Urban Forasticurrent arboricultural industry standards and best
management practices.
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STRENGTHS OF COLUMBIAG S URBAN FORES

Il n answer to the ques,t}i
Co | u mhbrbaa foresimanagement program ang
the tree resource itself have many strengths

Amj sk g %q Sp _|I Rpcc
Tree Population Provide Many Benefits

6 Over 35% ofColumbiais covered with trees
This land cover percentaggeompares favorabl
with the national averagef 32% (Hauer 2016)
andthe average of comparable s@iesat 29% :
The urpan tree .CanOpy provides/er $20.0 Photograph 1. The tree-lined streets of this
million in a variety of ecosystembenefits co|ymbia neighborhood are providing benefits
annuallyandgreatlyenhances the livability of the to the community and its residents every day.
city.

5 Col u mstreeatéegopulation containsever 5,000 inventoried trees and contributes nearly
$300,000 annually in benefit¥he costbenefit ratio is positive, with the city receiving over
$4 in benefits for every $1 invested in the care and planting of street trees.

Regulations Exist to Protect Trees and Forests

The cityhas severdbng-standingtree ordinancesdevelopment regulationand subsections of
ordinances that address authority for public trees, protection of trees, guidelithesandards for
landscaping, and tree preservation during land development. Reaeitlyinput from local
experts ana city-appointed urban fore$iask Forcethe Unified Development Codeasupdated
and gained approval from Council. The improvemenggle to the ordinance will advance the
professional and comprehensive management of the urban forest

Professional Staff Manage the Public Forest

The city hasa highly experienced arlcdhowledgeable arborist and a variety of crew personnel to
performimportant urban forest maintenance tasksh as storm damage clegmand correction
park tree maintenance, utility line cleararmegl priority and citizemequestedtreet treeemovals

and pruning. Staff alsare engagedn the development plan apmal processand compliance
monitoring of permits anaity regulations.
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CHALLENGES TO COLUMBIA6G S URBAN FORE

Il n answer to the que st noarban ot amanagdnent wegrain & v
without challenges. There are several issues specific to Columbia that either affect the safety a
guality of the urban forestdhes t af f 6s abi |l ity to manage the

Natural Threats are Increasing

o Insects and Diseas®&any nonnative, invasive insects anc
diseasessuch as gypsy moth, emerald &sher (EAB), and
Thousand cankers diseapep s e seri ous th
ur ban forest. I n Col some othed
most prevalent species aash, maple, andak and these
speciesare threatened bpak wilt and Asian longhorned|
beete. As the potential for spread and establishment of this
and other known and unknown invasive forest pests contin
i mpl ementi ng t heantorettgmprehensive
approach to response planning and implementation is nee

o Severe Weatr EventsHigh winds, snow and ice storms, a
tornadoes cannot be prevented, and these events
significanttreedamage and canopy loss. However, preven
maintenance of public trees can significantly reduce the t
and amounts of storm damag€olumbia has notyet Fhotograph 2. Emerald ash

established a citywidepreventive, cyclical maintenanceborer(EAB) is a major threat to
ywidep » CY ash trees on streets, in parks,

program. and on private
5 Climate Change Beyond contributing to severe weath: Pproperties in Columbia.
events, climate change is causiind | a s h d r shiftg
in average temperatures and moisture levels. Trees adaptea 10
Col umbiabs historic climate may become st
climate changes over time.

Most Trees are in Private Care

In Columbia,approximately90% of the tree canopy is located on private karfebr this reason,
success in improving or maintaining tree canopy must include a citizenry that understands: 1) tl
value of trees and tree canopy to the community; and 2) hplamd andcare for trees. Without
thisawareness andformation maturetrees can be removed at any time without a thougtiteof

loss of benefit$o the property ownear overallimpact on the communityAnd, replacement trees
mightnot be planted, oif they are they may be poorlylpced and selected

Urban Forest Management is Reactive and Decentralized

As authorized in the citybds code, three sepg
forest. As suchactions taken iC o | u mb i acarsbeirifleencedsby departmental missions
rather than what is holistically best for the urban forest. And, providing services departmentall
on a reactive basis notan efficient use of city resources.
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The Budget is not Adequate

Based on thetreet trednventory dataapproximately $184,000 is needed annusdlyaddress
priority maintenanceachieve a cyclical maintenance prograand to havean annual planting
program The current budgdor street treefalls short of this byver$110,000

WHY PLAN FOR TREES?

Residents, businesseand visitors of Columbia are privileged to be in an area rich in natural
resources and beauty. Trees were and are a large part of the natural heritage of @dlanth&a

city was built near thavers on forestedbothills of the Ozark Mountains. Within the city limits,
thereis a wide diversity of native woodlands, stately toamopied parks and streets, and expertly
landscaped campuses, businessed residences. Largely due to the high quality of life, the dra
of the university and coll eges, and opport
fourth largest city and has experienced a steady incre@sgopulationand economy. Bigome
negative consequences of maybestarting sughbas inggeaging | 8
urban heat island effects, air and water quality issues, stormwater management problems, &
potential loss of tree canopy

To reverse the trend of thegeowing urban and suburban issues, this Urban Forest Master Plan
seeks to pnmote the urban forestas asolutionto a variety of urban issudabe city is facing
Expansion of the urban forest, gopt for urban forest management program improvements, and
community engagement can result in a sustainable, equitable program thalpatthievesome
ofthee¢ t y6s current Vision SexcrptednmeFigurds , Goal s,

uEnchance the city's natural aesthetics

«Columbians will live in wethaintained,
environmentally sound neighborhoods

] . . Figure 1. How the
wrhe air, water, land, and natural aesthetics will ;4 forest supports

be protected . the City of
uProtect and preserve the natural environment vision statements,
goals, and strategies.

wProvide higHevel, responsive, and equitable
services

ity services will be efficient, effective,
and expanded

Additionally, this Urban Forest Mastétlanis intended to assist th@ity of Columbiafocus on
improving service delivery and urban forest condition oeéspecificareas of the citgs directed
by the Strategic Plan. Theneighborhood areas are: Central (Ward 1), North
(Ward 2) and East\(Vard 3).Therefore, this plan alspresentspecific conditionsn andaddresses
the needs of these neighborhoods so thifective action can be takerto better engagéhe
neighborhoodsothat all Columbians caenjoy the benefits of trees.
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STATE OF COLUMBIAGS URBAN FOREST

When examining the state of Col umobeithardsstther b
trees themselves. The following sections review existing conditiorisese topics

6 Assessment of the Urban Forest

o OverallTreeCanopy
o Publicl-Managed Trees

o Assessment of the Existing Management Approach
Columbia%djree Canopy

It is important to understand the overall tree canopy as well as public trees managed by the ci
Whether trees are growing on private or public propérg/benefits from trees extend to the entire
community.

Overall Findings

Theurban treecanopy(UTC) analysis found tha35.6%of Columbiais covered by tres while
22.5% of the city is covered by impervious surfa¢exds, buildingsjhat repelstormwaterand
contribute to heat island effects

Other land covers were also assesse@ citywide basjsand theeland cover percentages are
buildings, pavementnd other hard surfaces (8%); pervious areas dbw vegetation such as
lawns and shios 36.1%); bare soil 4.3%); and open water (3%). Tree canopy analysis results
aresummarized andhown inFigures2 and3. Columbia has been provided with complete tree
canopy and other land cover statistics citywide and per Ward, target neighsnberael, and
parks.A detailed methodology can be foundAppendixE.

About Canopy Cover

Canopy cover is a measure of the physical coverage of the tree canopy over the land. It
represents a way of expressing, as a percentage, how much of any gazeis ahaded or
protected by trees. Canopy cover is an important way of measuring the character, locatior
amount, and benefits of an urban forest.

Broad calculations suggest that large mature trees provide 75% more environmental bene
than smaller tres.

As a single large tremancover more area than several small trees, the measure of canopy
is more valuable than simply counting the total number of trees. It is a repeatable benchm
that can be measured regularly to guide future tree planfinggrams and land development
and help determine the successes or failures of urban forest management efforts.
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Columbia, MO
UTC by Ward

E Wards

- Tree Canopy
N Grass/Low-Lying Vegetation
A Bare Soil
- o ” - Open Water

- Impervious Surfaces
Miles

Figure 2. Columbia 6 sitywide urban tree canopy is distributed
relatively equally within the city limits and among the wards.
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Table 2. Tree Canopy Land Cover Metrics Within City Limits, Wards, and Parks*

Land Cover

Citywide

Parks

- Ward 1

Ward 2

Ward3  Ward 4

Ward 5

Tree Canopy (%) 36 54 25 36 34 46 39 31
Impervious (%) 23 13 51 25 19 20 20 18
Pervious (%) 36 29 22 35 39 29 35 44
Bare Soil (%) 4 2 1 4 6 3 3 5
Water (%) 1 3 0.2 0.5 1 2 2 2

*Data have been rounded to nearest whole peragiér to the nearest 0.1 percent

Table2 summarizes the land cover metrics witthe city. Ward and park boundariesveal that

Ward 4 has the highest UTCragarly46%;

Ward 1 has the lowest UTC at 2%d asexpectedhas the highest penteimpervious cover
at over 51%;

6

[e8

Col
t he

umbi

aobds

par ks

cCitydower.tot al

Columbia Land Cover Results

Citywide

Figure 3. Citywide, park, and ward distribution of

Ward 1

Ward 4

35%
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A note about prior canopy
assessment findings and
accuracy. Approximately

ten years ago,a Natural 2 KFuQa | )/ LRSI

Resource Inventory was _ : : .

ductedin Col bi d American Forests, a recognized leader in conservation and urban fores
,Con uc e, in Lolumblaan has worked to establish baseline tree canopy goals for metropolitan are
it determined ht a t t he Fopn{an; yé/arQ, tﬁey have recommended an overall 40% tree canopy
UTC was57.05%. In 2016, cities east of the Mississippi. Thigluded a breakdown of stdrea
an iTree Landscape project recommendations of 25% canopy in urban residential areas, and 15% i
was completed and the UTC downtown areas. However, they have recently revised their
was reported as 24.19%or recommendations to stress that there is not a good universal tree cano
this 2017 master Ién stud goal that applies to atlities. Communities should instead create their ow

p_ uay, goals based on a number of factors, including what is possible given th

the UTC mapping  Was  patyral environment. Additionally, suggestions have been made to cho
professionally  performed ory2L®e 3J2tt (KFdG &l Oshaséasing thelckhaps
with high-resolution percentage necessary to reduce urban heat island temperatures to a s
imagery and a 98.85% NI y3S> 2NJ (2 NBRdzOS &d2N¥glF GSNII
accuracy level waachieved [/ 2t dzYoAl 4a OAU@gARS UNBS O y2LR
by the methodlogy' recommenation; the challenge now is to maintain or grow that canopy

the city and citizens desire.
therefore 35.6%treecanopy
cover is the statistic to be
relied upon now and in the
future when the UTC
mapping is repeated.

Demographic and Socio-Economic Distribution of the Tree Canopy

Are therecorrelations between Columbia residents and their canopy cover? Analysis of multiple
socioeconomic factors and tree canopy can provide the answer to that question, identify trends ¢
priority planting areas, provide direction for establishing plantindsgaad assist the city to
deliver urban forest management serviegsitably

Canopy coverage wa 80
determined at the

census tract level (6¢  7© ° °
tracts in total) _ 60 ¢ . °

throughout ~ Columbia & ° ® ®
and was compared t¢ & o o 8 o ©o ep. o
socioeconomic  and £ “° ®eq ,.g’ .“ ......... y - R
demograhic data £ 30 .- 7 . e

collected from the 201C & = -® %o ° o8 o

US. Census. A o ® e ", °

summary  of the ol L I ® ¢

findings at census trac 0

levels follow, with full $0 $20,000 $40,000 $60,000 $80,000 $100,000 $120,000
socioeconomic Median Income

statistical analyses

available ~within the Figure 4. Canopy and income .

data delivered.
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o Canopy is higher in wealthier areasOn average, higher income areasdtwice the canopy
coverage as lower income census tracts in Columbia.

o Canopy decreases as population density increasdsot surprisingly, the percentage of
canopy coverage decreases as population density (number of people per square mile) increa
Derse urban areas are made up of primarily impervious surfaces, which leave little room fc
large amounts of canopy.

o Canopy is higher in areas with higher percentages of families, and lower in areas with
higher percentages of young adults (ages 134). Canopy was found to increase in areas
with higher percentages of children (agéd4 0, as well as increasing in areas with parent
aged adults (ages 254). Families may purchase larger lots less close to the center of the city
for raising their childrenCensus tracts with higher percentages of young adults (ag24)18
had the lowest levels of canopy, which may be correlated to rental properties or proximity tt
colleges.

o Canopy tends to be lower in areas dominated by rental properties and higher in areas
with majority owner -occupied housesHigher tree canopy is strongly correlated with home
ownership, which is not uncommon. This relationship is likely attributed to a number of
factors: owneioccupied properties often include greater amount of green fpacevould
typically be found in higher density rental housing such as apartments and townhome:
Homeowners also have more of a financial and emotional investment in their properties ar
neighborhoods, are less transient than renters, and, thereforararkkely to plant and care
for trees on their property and demand-ieed streets.

6 Canopy is higher in areas with more educated resident€anopy was found to increase as
the population with bachelors and advanced degrees increased, and canopedasdhe
population with associates degrees or less increased.

6 There was very little correlation between the age of homes in Columbia and the amount
of canopy present.The data suggest that there is only slightly more canopy around homes
built before 180. Typically, older homes have more mature treesthedefore more canopy
cover.

Stormwater Runoff Analysis

Urbanization significantly alters stream flows and water quality due to increased imperviou:
surfaces, increased pollutants emitted from varsmgces, and decreases in natural vegetation
cover. These changes lead to increased runoff and flashiness of stream flow after storms, poten
flooding issues, and poorer water quality that affect human health anteirad|.

The urban tree canopy should be considered
asset is providing an extremely important public health and safety service by capturing an
reducing stormwater runof f t hatermwaterisystdm and h
waterways. To quantify the amount of stormwater avoided and calculate the benefi{Erebe i
Hydro application was used to quantify the
and particularly its urban tree canofgye methodology for the Tree Hydro modeling is found
in AppendixK, and the data vebeen delivered separately to tiy for further use and reference.
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The analysis showed that between the years of 2005 and 2012, Columbia has avoided, on aver:
over1.2 million cubic meters of runoff due to the presence of tfégare 5displays the historic
impact trees have had on stormwater volume. Trees also reduced the amount of pollutants foL
in the urban environment that are carried by runoff, such appbnss, soluble organic material

and ammonia/ammonium. On average between the years of 2005 anth2Gidided pollutant

load was more than 178 tons.

5,000,000
4,000,000
3,000,000

2,000,000

1’000’000 'I .................... '..' I I .
: B o =

2005 2006 2007 2008 2009 2010 2011 2012
® Avoided Runoff 7,917 | 688,268 1,315,66 1,235,14 567,951 4,047,55 1,722,81 599,161

Avoided Runoff (m3)

Figure 5. Avoided stormwater runoff at t r i but ed t arbahddrestncanopy RG05199992012)

The breadth of the value of this iIimportant
below:

O«

Average annual total stormwater volume reduction = 336,306,674 gallons

Average gallons of stormwatavoided per acre = 22,545

o Average annual stormwater benefit contribution = $672,613

Columbia should harness the power of trees to help reduce runoff and flooding and potentially |
used to meet clean water regulations. Fiiece Hydro model results cae bised to inform urban
forest management and urban planning and design to help improve water quality and reduce 1

risk of flooding. Expanding the UTC will allow Columbia to expand its ability to moderate the
negative effects of stormwater in the city araghborhoods.

O«

Critical Forest Analysis for Water Quality

The forests in Columbia provide many public health and safety benefits, particularly related t
protectng water quality and redureg flooding. Sustainable forest ecosystems provide direct
benefits to not only waters of a watershed, but also to the overall quality foir l&# citizens

Trees and other vegetation in the landscapgareofa communi t yds gr een

affect both the quantity and quality of stormwater runoff. When land is left in a natural state, foresi
and other ecological components of the landscape decrease the quantity of stormwater runoff
allowing water to be absorbed into the soil and retainesdletlands and other areds.concert

with engineeredndbuilt solutions, peserving forests improve water quality, redueflooding,

and lessen stormwater runoff is a strategyriany communities.
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However, forest cover does not provide equal bendfor instance, forests located on a gentle
slope far from a waterbody would not provide the same stormwater and water quality benefits «
forests on steep slopes adjacent to a major stream.

Therefore, it is important to determine the locationkigfrquality foresed areasvithin the city
limits where features are present that significantly contribute to protecting water quality anc
guantity ancprovide the most critical public health and safety functions

Usi ng ColdandcoMeidlataagailablenformation on stream hydrology, and other GIS data,
catchment basins (or small urban watersheds) were delineated within the city. Then, headwa
catchments were identifieahd prioritizedsince these upstream areas are where stormwater runoff
and polluton accumulationgreatly affect downstream water supplies and the potential for
flooding. By combining the priority catchment map wittetUTCforest data, the identification of
high-functioning forests that are critical to mitigating stormwater and potiuts Columbiawvas
accomplishedThe full methodologyor determining the locations of critical forestlaisdfound

in Appendix H

The critical forest analysis revealed that
are providing the most stormwater mitigation and pollutioatement services in the cifijhese
forested areas are located primarily in the western and northern areas of the city as seen
Figures6 and7. The majority (30%) of them are located in Ward 3; Ward 1 has the least (8%)
critical forest areas

il

Figure 6 . Citywide delineated catchments (in orange) Figure 7 . Critical forests (in bright green) within
and prioritized catchments (in teal) prioritized catchments (overall UTC in dark green)
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Table 3. Critical Forest Areas by Wards

First 194 8
Second 339 15
Third 703 30
Fourth 507 22
Fifth 357 15
Sixth 227 10

Identifying the most critical areas of foresbver in the city isessential fordefensible and
reasonable decisiemaking regardingconservation and preservation activifiess well as
stormwater management policies and projects. Columbia now knows wheyetestion efforts
should be focusedand where lowmpact land developmertechniques should be useBy
combining the use of structuistbrmwater management solutiomish the retention of continuous
forest areas in develom areas,Columbiacan realize significant benefits in public health and
safetyimprovementsand in infastructure construction and maintenance sictions.

Urban Tree Canopy Health

Where the canopy is located is now known, but what condition is it in? The overall health of tree
has a direct impact on the sustainability of the urban forest. Trees in worse condition require mo
maintenance, are at greater risk of insect and digeablems, and can present a risk to the public.
Trees in better condition require less maintenance, are less prone to storm damage, look bet
and provide maximum environmental services to the city.

Using the UTC dat a, t h erestcanopy waes ldeterméned| by $pectoaf
analysis compared to established vegetation health indices. The methodology for this analysis c
be found inAppendix J Citywide, generally over 64% of the urban tree canopy was classified as
in Good and Very Goothealth. Only 13% of the canopy was found to be in Poor health or
Dead/Dying, and almost 21% was classified as in Fair health. Rglisplays the citywide urban

tree canopy health.

It may not seem important to note, but nearly 21% of the tree canap¥ar health. If insects,
disease, or other stressors go unmanaged, then trees in this condition could quickly fall into t
Poor/ Dead classification. This means that
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Figure 8. Citywide urban tree canopy health in Columbia .
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