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EXECUTIVE SUMMARY 

Columbia has a vision that its urban forest is safe, 

efficient to maintain, complements its development goals, 

delivers equitable benefits, and enhances the livability of 

the city. To accomplish goals and objectives to realize 

this vision, a comprehensive tree management plan is 

required. This plan was developed to assist Columbia to 

better understand its urban forestôs composition, 

structure, and tree maintenance needs as well as plan for 

both short-term and long-term resource allocation and 

develop risk management strategies.   

The plan was accomplished by completing these tasks: 

ǒ Aggregating and supplementing existing tree and 

planting site inventories. 

ǒ Determining and mapping the citywide and target neighborhood canopy cover. 

ǒ Performing advanced analyses of the tree canopy cover data. 

ǒ Calculating tree benefits citywide and for the target neighborhoods. 

ǒ Developing a proactive tree maintenance and planting program. 

ǒ Creating a prioritized planting plan. 

ǒ Making data-driven, sustainable urban forest management recommendations. 

ǒ Presenting a multi-year budget. 

A brief summary of the data and information acquired, analyses performed, and list of 

recommendations follows. 

Amjsk`g_%q Agrwugbc Urban Tree Canopy 

The urban tree canopy (UTC) was determined by classifying the land cover within the entire city 

boundaries; this include both public and private properties. The UTC analyses found that 35.6% 

of Columbia is covered by tree canopy, while 22.5% of the city is covered by impervious surfaces 

(roads, buildings, etc.) 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 (36.1%); bare soil 

(4.3%) such as athletic fields; and open water (1.5%).  

The analysis also reveals that: 

ǒ Ward 4 has the highest UTC at nearly 46%. 

ǒ Ward 1 has the lowest UTC at 25% and, as expected, has the highest percentage of impervious 

cover at over 51%. 

ǒ Tree canopy covers 23% of the North, 33% of the Central, and 39% of the East target 

neighborhoods. 

ǒ Columbiaôs parks have an average of 54% UTC, which represents 11% of the cityôs total tree 

cover. 
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Tree Benefit Analysis 

Trees provide significant co-benefits to the City of Columbia. Every year, and simultaneously, 

trees give the city and citizens the benefits of air and water quality improvement, stormwater 

management, energy use reduction, and enhanced property values and aesthetics among many 

others.   

Columbiaôs existing citywide tree canopy provides residents with $145 million in benefits 

annually. In addition to the annual benefits, the carbon stored by the current UTC contributes an 

additional $66 million in benefits, bringing the collective benefit amount to $211 million. 

Columbiaôs trees are an irreplaceable asset because they: 

ǒ Remove almost 925,000 pounds of pollutants from the air every year, and these air quality 

improvements have the impressive value of $1.2 million annually. 

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

valued at approximately $672,000 each year.  

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

costsða savings of over $1.8 million for consumers. 

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

benefit value reported. 

Columbiaôs street trees provide approximately $298,000 in the following annual benefits: 

ǒ Aesthetic and other benefits: valued at $112,739 per year. 

ǒ Air quality: valued at $11,575 per year. 

ǒ Net total carbon sequestered and avoided: valued at $9,141 per year. 

ǒ Energy: valued at $89,954 per year. 

ǒ Stormwater peak flow reductions: valued at $74,575 per year. 

Prioritized Planting Plan 

While all available planting sites in the city limits may ultimately be planted over the next several 

decades, the trees planted in the next several years should be installed in high-need areas and in 

locations that will allow the trees to provide the most benefits and return on investment. Columbia 

now has a prioritized planting plan to guide future tree planting. Based on a number of 

environmental and socio-economic factors, plantable areas were categorized as Very Low to Very 

High. 

The distribution of the 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: 

ǒ Ward Two has the greatest total number of High and Very High priority acres combined at 535 

acres, and Ward Three has the second highest combined total at 495 acres. However, those 

acres comprise 28% and 19%, respectively, of the total plantable acres in those Wards.   

ǒ 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. 

ǒ High and Very High planting sites comprise 40% of the Central Neighborhoodôs plantable 

areas, where those same classes represent only 26% in the East and 29% in the West. 
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Amjsk`g_%q Street Tree Inventory 

The tree inventory is an important planning tool that should help the City of Columbia establish a 

systematic program for tree care and determine budget, staff, and equipment needs. 

Implementation of the maintenance recommendations will improve public safety and help guide 

future management decisions. When properly maintained, trees return economic, environmental, 

and social value to the community. These benefits greatly outweigh the time and money invested 

in planting, pruning, protection, and removal. In 2017, Columbiaôs existing street tree and vacant 

planting site inventories were combined and updated. The following brief statistical summary of 

the street tree population reflects genus and species composition, condition, primary maintenance 

recommendations, and risk ratings: 

ǒ A total of 5,282 sites have been collected, representing 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). 

ǒ Generally, species diversity in Columbia is good with over 130 different species identified.  

ǒ Overall, the vast majority (74%) of Columbiaôs street trees are in Fair condition, with 17% of 

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

as Poor, Critical, or Dead.   

ǒ Since the majority of the street trees are in fair or better condition, required maintenance is 

considered routine. Recommended primary maintenance needs include: Tree Removal (6%); 

Stump Removal (5%); Routine Pruning (65%); Young Tree Train (21%); and Plant Tree (3%).  

Amjsk`g_%q Urban Forest Management Approach 

To assist in strategic planning to improve urban forest management, Columbiaôs practices and 

performance were compared with those of other cities and national standards. This information 

gives perspective on how Columbiaôs program is succeeding or where improvements can be made.  

The benchmark information reveals both strengths of and opportunities for improvement for 

Columbiaôs urban forest and its management program.  

Indicators of positive aspects of Columbiaôs urban forest management approach are: 

ǒ Columbiaôs urban tree canopy cover is greater than the national average and the majority of its 

peer group. 

ǒ The return on investment is positiveðfor every dollar of public funds spent on trees, the city 

and citizens receive over $4 of annual benefits.   

ǒ The cityôs approach compares favorably in terms of urban forest services offered, and its 

operations are performed in a similar manner as benchmark cities. 

However, the benchmark information reveals that Columbia could improve its management 

approach by: 

ǒ Increasing its commitment to fund a progressive urban forest management program. In relation 

to the annual municipal budget, the amount dedicated to tree management is the lowest of all 

national and regional averages and peer city percentages. 

ǒ Increasing maintenance and using a proactive approach; the annual maintenance production 

rates are the lowest. 

ǒ Increasing and having a systematic planting program; the annual planting rates are the lowest.  
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Urban Forest Management Recommendations 

Based on the analysis of the inventory and UTC data, with city staff and peer group input, and 

applying arboricultural industry standards and best management practices, the Columbia Urban 

Forest Master Plan presents recommendations in major action steps and outlines programs and 

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%q Primary Recommendations 

Recommendation  Priority  
Timeframe 

for 
Completion  

Fiscal Investment  

Vision, 
Strategy, 

and/or Goal 
# Impact  

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 
Management Plan 

High 1 year 
No cost (city staff) 

$8,000­$15,000 for consultant 
3 

Create and Implement 
a Strategic Planting 
Plan ­ Citywide and/or 
by Neighborhood 

High 1 year Variable 2.1 

Moderate/Low Priority 
Removals 

Medium 3 years $32,169 3 

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 
5 to 10 
years 

$25,000 5.4.1 

Plant Health Care 
Program/Inspection 

Medium 3 years Variable 2.1 

Renew TreeKeeper® Medium Annually $2,500 3.4.1 

Use the UTC Analyses 
Citywide 

Medium 1 No cost (city staff) 
3.4.1; 5.2.2; 
12.1.1; 12.3 

Evaluate Urban Forest 
Management Structure 

Medium 3 to 5 years No cost (city staff) 3.4.3; 10.1.3 

General Public 
Outreach 

Medium Annually 
No cost (city staff); $2,000­$4,000 

(printing and materials) 
3.4.3; 8.2.1; 

8.3.4 

Perform Funding and 
Operations Reviews 

Medium 3 years 
No cost (city staff); 

$10,000­$20,000 for consultant 
3.4.3 

Stump Grinding Low 1 to 3 years $8,040 2.1 

Update Ordinance(s) Low 5 years 
No cost (city staff) 

$10,000­$15,000 for consultant 
5.3.2; 5.4; 

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 5 to10 years $20,000 for consultant 3.4.1 
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INTRODUCTION 

Columbiaôs public and private forests combine to create an urban tree canopy that provides 

numerous benefits to city residents, businesses, students, and the metro region as a whole. These 

benefits come in the form of significant contributions to stormwater management, public health 

improvement, energy use reduction, air pollution abatement, and the overall quality of life. Like 

many communities in highly populated urban areas, the ecosystem, economic, and social services 

from trees become more important to Columbia each year as the population increases and 

economic development continues. Unfortunately, along with Columbiaôs growth and climate 

change come stressors on the urban forest that challenge the management of this dynamic, living 

natural resource.   

Recognizing the value of the urban forest, Columbia has assessed the extent of current tree canopy 

and has conducted street tree inventory assessments. This Urban Forest Master Plan represents the 

next step in the cityôs effort to proactively plan for the sustainability and improvement of this 

valuable city asset. This plan uses the information from urban forest studies, program operations 

information, city goals and strategies, and benchmark data from comparable cities to understand 

and make recommendations for the long-term management and preservation of Columbiaôs 

valuable tree canopy cover. 

This plan also provides information on the current urban forest conditions in Columbia, discusses 

inventory and urban tree canopy data analyses and findings, and makes short- and long-term 

recommendations that will strategically accomplish citywide and urban forest management goals.  

ABOUT THE PROJECT  

This plan was developed using an adaptive management approach, and is the result of research 

and analyses that centered around the following questions and topics: 

What do we have now? 

ǒ How much tree canopy does 

Columbia have? 

ǒ How does that compare with other 

cities? 

ǒ Where is the tree canopy? 

ǒ How are we managing the urban 

forest now? 

ǒ What condition is the urban forest in 

currently? 

ǒ What challenges are we facing in the 

coming years? 

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

ǒ What is Columbiaôs vision for the future urban forest? 

ǒ What is the recommended canopy level? 

ǒ What does it take to move to a proactive management program and what are the associated 

costs? 

How do we get there? 

ǒ What do we need to reach our goals? 

ǒ What steps will get us there? 

ǒ What resources will be needed? 

ǒ Where do we start? 

How will we measure success? 

ǒ What benchmarks should we use to measure success over the coming years? 

ǒ How often should we take stock of our progress and re-evaluate our strategies? 

To help answer these questions, urban forest data were analyzed and many sources of information 

were used and referenced, and included: 

ǒ An urban tree canopy (UTC) assessment;  

ǒ Examination of the existing street tree inventory data, as well as additional fieldwork to update 

the inventory on select streets and in three priority neighborhoods (North, Central, and East), 

and significant work to improve the quality of the existing inventory data was necessary; 

ǒ Interviews and meetings with Public Works staff to examine the cityôs approach to 

management of the public trees and discuss future goals;   

ǒ Review of existing plans and documents including findings from past urban forest studies, city 

vision, goals and strategies, Columbiaôs Strategic Plan, and the cityôs code of ordinances; 

ǒ Urban forest management data from other communities to compare with Columbiaôs 

management approach; 

ǒ GIS analysis and mapping for leaf debris; and 

ǒ Best practices sources such as American Public Works Associationôs Guidance Statement on 

Quality Management of the Urban Forest and current arboricultural industry standards and best 

management practices. 
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STRENGTHS OF COLUMBIAôS URBAN FOREST 

In answer to the question ñWhat do we have now?ò, 

Columbiaôs urban forest management program and 

the tree resource itself have many strengths. 

Amjsk`g_%q Sp`_l Rpcc A_lmnw _lb Qrpccr
Tree Population Provide Many Benefits 

ǒ Over 35% of Columbia is covered with trees. 

This land cover percentage compares favorably 

with the national average of 32% (Hauer 2016) 

and the average of comparable size cities at 29%. 

The urban tree canopy provides over $200 

million in a variety of ecosystem benefits 

annually and greatly enhances the livability of the 

city.  

ǒ Columbiaôs street tree population contains over 5,000 inventoried trees and contributes nearly 

$300,000 annually in benefits. The cost-benefit 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 city has several long-standing tree ordinances, development regulations, and subsections of 

ordinances that address authority for public trees, protection of trees, guidelines, and standards for 

landscaping, and tree preservation during land development. Recently, with input from local 

experts and a city-appointed urban forest Task Force, the Unified Development Code was updated 

and gained approval from Council. The improvements made to the ordinance will advance the 

professional and comprehensive management of the urban forest. 

Professional Staff Manage the Public Forest 

The city has a highly experienced and knowledgeable arborist and a variety of crew personnel to 

perform important urban forest maintenance tasks, such as storm damage clean-up and correction, 

park tree maintenance, utility line clearance, and priority and citizen-requested street tree removals 

and pruning. Staff also are engaged in the development plan approval process and compliance 

monitoring of permits and city regulations.  

 

  

 Photograph 1.  The tree-lined streets of this 
Columbia neighborhood are providing benefits 
to the community and its residents every day. 



 

Davey Resource Group 4 April 2018 

CHALLENGES TO COLUMBIAôS URBAN FOREST 

In answer to the question ñWhat do we have now?ò, no urban forest management program is 

without challenges. There are several issues specific to Columbia that either affect the safety and 

quality of the urban forest or the staffôs ability to manage the program proactively and efficiently.    

Natural Threats are Increasing  

ǒ Insects and Disease. Many non-native, invasive insects and 

diseases, such as gypsy moth, emerald ash borer (EAB), and 

Thousand cankers disease, pose serious threats to Columbiaôs 

urban forest. In Columbiaôs street tree population, some of the 

most prevalent species are ash, maple, and oak, and these 

species are threatened by oak wilt and Asian longhorned 

beetle. As the potential for spread and establishment of these 

and other known and unknown invasive forest pests continues, 

implementing the cityôs EAB Plan and a more comprehensive 

approach to response planning and implementation is needed.  

ǒ Severe Weather Events. High winds, snow and ice storms, and 

tornadoes cannot be prevented, and these events cause 

significant tree damage and canopy loss. However, preventive 

maintenance of public trees can significantly reduce the types 

and amounts of storm damage. Columbia has not yet 

established a citywide preventive, cyclical maintenance 

program. 

ǒ Climate Change. Beyond contributing to severe weather 

events, climate change is causing ñflash droughts,ò and shifts 

in average temperatures and moisture levels. Trees adapted to 

Columbiaôs historic climate may become stressed and more prone to insects and disease as the 

climate changes over time.   

Most Trees are in Private Care 

In Columbia, approximately 90% of the tree canopy is located on private lands. For this reason, 

success in improving or maintaining tree canopy must include a citizenry that understands: 1) the 

value of trees and tree canopy to the community; and 2) how to plant and care for trees. Without 

this awareness and information, mature trees can be removed at any time without a thought of the 

loss of benefits to the property owner, or overall impact on the community. And, replacement trees 

might not be planted, or, if they are, they may be poorly placed and selected.    

Urban Forest Management is Reactive and Decentralized  

As authorized in the cityôs code, three separate departments have responsibility for the public urban 

forest. As such, actions taken in Columbiaôs forest can be influenced by departmental missions 

rather than what is holistically best for the urban forest. And, providing services departmentally 

on a reactive basis is not an efficient use of city resources. 

Photograph 2. Emerald ash 
borer (EAB) is a major threat to 
ash trees on streets, in parks, 

and on private  
properties in Columbia. 
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The Budget is not Adequate   

Based on the street tree inventory data, approximately $184,000 is needed annually to address 

priority maintenance, achieve a cyclical maintenance program, and to have an annual planting 

program. The current budget for street trees falls short of this by over $110,000. 

WHY PLAN FOR TREES? 

Residents, businesses, and 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 Columbia when the 

city was built near the rivers on forested foothills of the Ozark Mountains. Within the city limits, 

there is a wide diversity of native woodlands, stately tree-canopied parks and streets, and expertly 

landscaped campuses, businesses, and residences. Largely due to the high quality of life, the draw 

of the university and colleges, and opportunities for business success, Columbia is Missouriôs 

fourth largest city and has experienced a steady increase in its population and economy. But some 

negative consequences of the cityôs popularity and growth may be starting, such as increasing 

urban heat island effects, air and water quality issues, stormwater management problems, and 

potential loss of tree canopy.    

To reverse the trend of these growing urban and suburban issues, this Urban Forest Master Plan 

seeks to promote the urban forest as a solution to a variety of urban issues the city is facing. 

Expansion of the urban forest, support for urban forest management program improvements, and 

community engagement can result in a sustainable, equitable program that will help achieve some 

of the cityôs current Vision Statements, Goals, and Strategies excerpted in Figure 1.   

 

 

 

 

 

Additionally, this Urban Forest Master Plan is intended to assist the City of Columbia focus on 

improving service delivery and urban forest condition for three specific areas of the city as directed 

by the Strategic Plan. The neighborhood areas are: Central (Ward 1), North  

(Ward 2), and East (Ward 3). Therefore, this plan also presents specific conditions in and addresses 

the needs of these neighborhoods so that effective action can be taken to better engage the 

neighborhoods so that all Columbians can enjoy the benefits of trees. 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 

 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 

 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 

 

ωEnchance the city's natural aesthetics

ωColumbians will live in well-maintained, 
environmentally sound neighborhoods

ωThe air, water, land, and natural aesthetics will 
be protected

ωProtect and preserve the natural environment

ωProvide high-level, responsive, and equitable 
services

ωCity services will be efficient, effective, 
and expanded

Figure 1. How the 

urban forest supports 

the City of Columbiaôs  

vision statements, 

goals, and strategies.  



 

Davey Resource Group 6 April 2018 

STATE OF COLUMBIAôS URBAN FOREST 

When examining the state of Columbiaôs urban forest, it is important to assess more than just the 

trees themselves.  The following sections review existing conditions for these topics: 

ǒ Assessment of the Urban Forest  

o Overall Tree Canopy 

o Publicly-Managed Trees 

ǒ Assessment of the Existing Management Approach 

Columbia%q Tree Canopy 

It is important to understand the overall tree canopy as well as public trees managed by the city. 

Whether trees are growing on private or public property, the benefits from trees extend to the entire 

community. 

Overall Findings 

The urban tree canopy (UTC) analysis found that 35.6% of Columbia is covered by trees, while 

22.5% of the city is covered by impervious surfaces (roads, buildings) that repel stormwater and 

contribute to heat island effects.  

Other land covers were also assessed on a citywide basis, and these land cover percentages are: 

buildings, pavement, and other hard surfaces (22.5%); pervious areas of low vegetation such as 

lawns and shrubs (36.1%); bare soil (4.3%); and open water (1.5%). Tree canopy analysis results 

are summarized and shown in Figures 2 and 3. Columbia has been provided with complete tree 

canopy and other land cover statistics citywide and per Ward, target neighborhoods, parcel, and 

parks. A detailed methodology can be found in Appendix E.  

 

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 given area is shaded or 

protected by trees. Canopy cover is an important way of measuring the character, location, 

amount, and benefits of an urban forest.  

Broad calculations suggest that large mature trees provide 75% more environmental benefits 

than smaller trees.  

As a single large tree can cover more area than several small trees, the measure of canopy cover 

is more valuable than simply counting the total number of trees. It is a repeatable benchmark 

that can be measured regularly to guide future tree planting programs and land development 

and help determine the successes or failures of urban forest management efforts. 
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Figure 2.  Columbia ôs citywide 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*  

*Data have been rounded to nearest whole percent; water to the nearest 0.1 percent. 

Table 2 summarizes the land cover metrics within the city. Ward and park boundaries reveal that: 

ǒ Ward 4 has the highest UTC at nearly 46%; 

ǒ Ward 1 has the lowest UTC at 25% and, as expected, has the highest percent impervious cover 

at over 51%; 

ǒ Columbiaôs parks have an average of 54% UTC; and tree canopy in parks represents 11% of 

the cityôs total tree cover. 

 

        Figure 3.  Citywide, park, and ward distribution of land cover . 

  

Land Cover  Citywide  Parks  Ward 1  Ward 2  Ward 3  Ward 4  Ward 5  Ward 6  

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 
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A note about prior canopy 

assessment findings and 

accuracy. Approximately 

ten years ago, a Natural 

Resource Inventory was 

conducted in Columbia and 

it determined that the cityôs 

UTC was 57.05%. In 2016, 

an i-Tree Landscape project 

was completed and the UTC 

was reported as 24.19%. For 

this 2017 master plan study, 

the UTC mapping was 

professionally performed 

with high-resolution 

imagery and a 98.85% 

accuracy level was achieved 

by the methodology; 

therefore, 35.6% tree canopy 

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 there correlations between Columbia residents and their canopy cover? Analysis of multiple 

socioeconomic factors and tree canopy can provide the answer to that question, identify trends and 

priority planting areas, provide direction for establishing planting goals, and assist the city to 

deliver urban forest management services equitably.  

Canopy coverage was 

determined at the 

census tract level (69 

tracts in total) 

throughout Columbia 

and was compared to 

socioeconomic and 

demographic data 

collected from the 2010 

U.S. Census. A 

summary of the 

findings at census tract 

levels follow, with full 

socioeconomic 

statistical analyses 

available within the 

data delivered. 
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Figure 4. Canopy and income . 

²ƘŀǘΩǎ ŀƴ LŘŜŀƭ /ŀƴƻǇȅ /ƻǾŜǊΚ 

American Forests, a recognized leader in conservation and urban forestry, 

has worked to establish baseline tree canopy goals for metropolitan areas. 

For many years, they have recommended an overall 40% tree canopy for 

cities east of the Mississippi. This included a breakdown of sub-area 

recommendations of 25% canopy in urban residential areas, and 15% in 

downtown areas. However, they have recently revised their 

recommendations to stress that there is not a good universal tree canopy 

goal that applies to all cities. Communities should instead create their own 

goals based on a number of factors, including what is possible given the local 

natural environment. Additionally, suggestions have been made to choose a 

ŎŀƴƻǇȅ Ǝƻŀƭ ǘƘŀǘ άŀŎƘƛŜǾŜǎ ǎǇŜŎƛŦƛŎ ƻōƧŜŎǘƛǾŜǎΣ ǎǳch as reaching the canopy 

percentage necessary to reduce urban heat island temperatures to a specific 

ǊŀƴƎŜΣ ƻǊ ǘƻ ǊŜŘǳŎŜ ǎǘƻǊƳǿŀǘŜǊ ǊǳƴƻŦŦ ōȅ ŀ ǇǊƻƧŜŎǘŜŘ ŀƳƻǳƴǘΦέ  !ǘ ор҈Σ 

/ƻƭǳƳōƛŀϥǎ ŎƛǘȅǿƛŘŜ ǘǊŜŜ ŎŀƴƻǇȅ ƴŜŀǊƭȅ ǊŜŀŎƘŜǎ !ƳŜǊƛŎŀƴ CƻǊŜǎǘǎΩ ƻǊƛƎƛƴŀƭ 

recommendation; the challenge now is to maintain or grow that canopy as 

the city and citizens desire. 
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ǒ Canopy is higher in wealthier areas. On average, higher income areas have twice the canopy 

coverage as lower income census tracts in Columbia. 

ǒ Canopy decreases as population density increases. Not surprisingly, the percentage of 

canopy coverage decreases as population density (number of people per square mile) increases. 

Dense urban areas are made up of primarily impervious surfaces, which leave little room for 

large amounts of canopy. 

ǒ Canopy is higher in areas with higher percentages of families, and lower in areas with 

higher percentages of young adults (ages 18ï24). Canopy was found to increase in areas 

with higher percentages of children (ages 0ï17), as well as increasing in areas with parent-

aged adults (ages 25ï64). Families may purchase larger lots less close to the center of the city 

for raising their children. Census tracts with higher percentages of young adults (ages 18ï24) 

had the lowest levels of canopy, which may be correlated to rental properties or proximity to 

colleges. 

ǒ Canopy tends to be lower in areas dominated by rental properties and higher in areas 

with majority owner -occupied houses. Higher tree canopy is strongly correlated with home 

ownership, which is not uncommon. This relationship is likely attributed to a number of 

factors: owner-occupied properties often include greater amount of green space than would 

typically be found in higher density rental housing such as apartments and townhomes. 

Homeowners also have more of a financial and emotional investment in their properties and 

neighborhoods, are less transient than renters, and, therefore, are more likely to plant and care 

for trees on their property and demand tree-lined streets.  

ǒ Canopy is higher in areas with more educated residents. Canopy was found to increase as 

the population with bachelors and advanced degrees increased, and canopy decreased as the 

population with associates degrees or less increased.  

ǒ 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 1980. Typically, older homes have more mature trees and, therefore, more canopy 

cover. 

Stormwater Runoff Analysis 

Urbanization significantly alters stream flows and water quality due to increased impervious 

surfaces, increased pollutants emitted from various sources, and decreases in natural vegetation 

cover. These changes lead to increased runoff and flashiness of stream flow after storms, potential 

flooding issues, and poorer water quality that affect human health and well-being. 

The urban tree canopy should be considered Columbiaôs largest green infrastructure asset. This 

asset is providing an extremely important public health and safety service by capturing and 

reducing stormwater runoff that would otherwise end up in the cityôs stormwater system and 

waterways. To quantify the amount of stormwater avoided and calculate the benefits, the i-Tree 

Hydro application was used to quantify the hydrologic impacts of the cityôs green infrastructure 

and particularly its urban tree canopy. The methodology for the i-Tree Hydro modeling is found 

in Appendix K, and the data have been delivered separately to the city for further use and reference. 
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The analysis showed that between the years of 2005 and 2012, Columbia has avoided, on average, 

over 1.2 million cubic meters of runoff due to the presence of trees. Figure 5 displays the historic 

impact trees have had on stormwater volume. Trees also reduced the amount of pollutants found 

in the urban environment that are carried by runoff, such as phosphorus, soluble organic material, 

and ammonia/ammonium. On average between the years of 2005 and 2012, the avoided pollutant 

load was more than 178 tons.  

 

 

 

 

 

 

 

 

 

 

                 

Figure 5. Avoided stormwater runoff attributed to Columbiaôs urban forest canopy (2005 ï99992012) 

The breadth of the value of this important ecosystem service from Columbiaôs UTC is summarized 

below: 

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

ǒ Average gallons of stormwater avoided per acre = 22,545 

ǒ Average annual stormwater benefit contribution = $672,613 

Columbia should harness the power of trees to help reduce runoff and flooding and potentially be 

used to meet clean water regulations. The i-Tree Hydro model results can be used to inform urban 

forest management and urban planning and design to help improve water quality and reduce the 

risk of flooding. Expanding the UTC will allow Columbia to expand its ability to moderate the 

negative effects of stormwater in the city and neighborhoods.  

Critical Forest Analysis for Water Quality 

The forests in Columbia provide many public health and safety benefits, particularly related to 

protecting water quality and reducing flooding. Sustainable forest ecosystems provide direct 

benefits to not only waters of a watershed, but also to the overall quality of life for all citizens.    

Trees and other vegetation in the landscape are part of a communityôs green infrastructure and 

affect both the quantity and quality of stormwater runoff. When land is left in a natural state, forests 

and other ecological components of the landscape decrease the quantity of stormwater runoff by 

allowing water to be absorbed into the soil and retained in wetlands and other areas. In concert 

with engineered and built solutions, preserving forests to improve water quality, reduce flooding, 

and lessen stormwater runoff is a strategy for many communities.  

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
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However, forest cover does not provide equal benefits. For instance, forests located on a gentle 

slope far from a waterbody would not provide the same stormwater and water quality benefits as 

forests on steep slopes adjacent to a major stream. 

Therefore, it is important to determine the locations of high-quality forested areas within the city 

limits where features are present that significantly contribute to protecting water quality and 

quantity and provide the most critical public health and safety functions.   

Using Columbiaôs land cover data, available information on stream hydrology, and other GIS data, 

catchment basins (or small urban watersheds) were delineated within the city. Then, headwater 

catchments were identified and prioritized since these upstream areas are where stormwater runoff 

and pollution accumulation greatly affect downstream water supplies and the potential for 

flooding. By combining the priority catchment map with the UTC forest data, the identification of 

high-functioning forests that are critical to mitigating stormwater and pollution in Columbia was 

accomplished. The full methodology for determining the locations of critical forestland is found 

in Appendix H. 

The critical forest analysis revealed that a total of 2,327 acres, or 15.6% of Columbiaôs total UTC, 

are providing the most stormwater mitigation and pollution abatement services in the city. These 

forested areas are located primarily in the western and northern areas of the city as seen in  

Figures 6 and 7. The majority (30%) of them are located in Ward 3; Ward 1 has the least (8%) 

critical forest areas.  

  

  

Figure 6 . Citywide delineated catchments (in orange) 

and prioritized catchments (in teal)  
Figure 7 . Critical forests (in bright green) within 

prioritized catchments (overall UTC in dark green)  
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Table 3. Critical Forest Areas by Wards 

Ward Acres  
% of 
Total  

First  194 8 

Second  339 15 

Third  703 30 

Fourth  507 22 

Fifth  357 15 

Sixth  227 10 

Total  2,327  

 

Identifying the most critical areas of forest cover in the city is essential for defensible and 

reasonable decision-making regarding conservation and preservation activities, as well as 

stormwater management policies and projects.  Columbia now knows where tree protection efforts 

should be focused, and where low-impact land development techniques should be used. By 

combining the use of structural stormwater management solutions with the retention of continuous 

forest areas in developing areas, Columbia can realize significant benefits in public health and 

safety improvements and in infrastructure construction and maintenance cost reductions. 

Urban Tree Canopy Health 

Where the canopy is located is now known, but what condition is it in?  The overall health of trees 

has a direct impact on the sustainability of the urban forest. Trees in worse condition require more 

maintenance, are at greater risk of insect and disease problems, and can present a risk to the public. 

Trees in better condition require less maintenance, are less prone to storm damage, look better, 

and provide maximum environmental services to the city.  

Using the UTC data, the general health of the cityôs forest canopy was determined by spectral 

analysis compared to established vegetation health indices. The methodology for this analysis can 

be found in Appendix J. Citywide, generally over 64% of the urban tree canopy was classified as 

in Good and Very Good health. Only 13% of the canopy was found to be in Poor health or 

Dead/Dying, and almost 21% was classified as in Fair health.  Figure 8 displays the citywide urban 

tree canopy health. 

It may not seem important to note, but nearly 21% of the tree canopy is in Fair health. If insects, 

disease, or other stressors go unmanaged, then trees in this condition could quickly fall into the 

Poor/Dead classification. This means that a third of Columbiaôs canopy would be compromised. 



 

Davey Resource Group 14 April 2018 

 

Figure 8. Citywide urban tree canopy health in Columbia . 

 

  


























































































































































