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Background: A cultivated urban forest

Circa 1820 vegetation map 
shows extensive pine forests in 
the Tampa area (Lee 1979)

1885 Tampa



Tampa’s Changing Urban Forest

 Pre-1930s:  single-family neighborhoods 
with sidewalks and trees

 Post-WWII: suburban annexation

 1990s-Present: densification of older 
neighborhoods



Urban Forest Management Plan Development

 June 2008 City of Tampa Mayor’s 
Symposium on Community Trees and the 
Urban Forest

 2008-2009 Mayor’s Steering Committee 
on Urban Forest Sustainability

 2011 Urban Forest Analysis and 
Management Plan Project



Adaptive Management
 Key Objectives and Criteria developed for Tampa ~ 20-year

 Implementation Plan ~ 5-year
 Specific actions (178) expected to incrementally improve performance indicators

 Scientific Monitoring ~ 5-year

Urban Forest Inventory and AnalysisUrban Forest Inventory and AnalysisUrban Forest Inventory and Analysis



Criteria and Key Objectives - example

Criteria Key Objective

Species suitability for 
Tampa’s climate zones

Establish a tree population suitable for 
Tampa’s urban environment and adapted 
to the regional environment.

City natural resource 
and forestry staffing 

Employ and train adequate professional 
staff to implement citywide urban forest 
management plan.

General awareness of 
the urban forest as a 
community resource

The general public understands the 
importance of the urban forest to the 
community.

City public agency 
cooperation

Ensure all city departments cooperate 
with goals and objectives of the UFMP.



Performance Indicators - Purposeful

Performance Indicators

Low Moderate Good Optimal

Less than 50% 
of trees are of 
species 
considered 
suitable for 
Tampa.

50%-75% of 
trees are of 
species 
considered 
suitable for 
Tampa.

More than 75% 
of trees are of 
species 
considered 
suitable for 
Tampa. 

At least 90% of 
the trees are of 
species suitable 
for Tampa. 

Criteria: Species suitability for Tampa’s climate zones

Key Objective: Establish a tree population suitable for Tampa’s urban environment 
and adapted to the regional environment.
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Sampling Methodology
 Study boundary (city limits) was 118 

square miles (75,288 acres)

 UFORE / i-Tree field permanent 
plots (201 random plots, 1/10 acre 
size)

 Plot land use used for extrapolating



Field Measurement

 Actual Land Use

 Ground Cover/Shrub Cover/Tree 
Cover/Plantable Space

 Tree Location

 Tree Species

 Diameter

 Height/Crown Width/Crown Base

 Live Top Height/Percent Canopy 
Missing/Dieback

 Impervious/Shrub Cover Beneath 
Canopy

 Light Exposure

 Distance/Relation to Buildings



Tree Diversity – Citywide and by Land Use



Most Common Species

17% 11% 8% 6% 6%

5% 5% 3% 3% 2%



Mangrove Areas

 Mangroves (all species) 
account for 1 in 5 trees in 
Tampa

 Mangroves only comprise 2.7% 
of Tampa’s urban forest canopy



Species Diversity Performance Criteria



Tree Density – Citywide and by Land Use



Diameter Distribution of Trees (Mangroves Omitted)



Tree Health – Citywide and by Land Use



Tree Health – Citywide and by Land Use



Tree Health Performance Criteria
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Tree Canopy Cover
 Tree Canopy Mapping:  

 Where are trees located within the City of Tampa?
 Where are the opportunities for tree planting?

 Tree Canopy Change: 
 How and where is the urban forest changing over time?



Tree Canopy Mapping: Object-based Image Analysis



Mapped every 6 inches of Tampa (with 92% Accuracy)



Mapped every 6 inches of Tampa (with 92% Accuracy)



% Canopy & Grass/Shrub by Current Use of Land

 % Tree Canopy is highest in Mangroves, Natural Areas and Residential Single-Family

 Most land uses have possible space to increase tree canopy – indicated by grass/shrub



Acres Canopy & Grass/Shrub by Current Use of Land



Zoning Categories with >500 Acres of Vegetation



Neighborhood Associations with >500 Acres of Vegetation

 Neighborhood based on City Of Tampa Official Neighborhood Registry

 All 97 Neighborhood Associations are listed in the report



Using Data to Answer Questions – Two Examples
 Does % tree canopy decrease when 

house size increases? 
 Analysis of 80,000+ Parcels

 Is there less tree canopy in 
neighborhoods with a higher 
proportion of renters? 
 Analysis of 326 Census Block Groups



Tree Canopy Change
 Tree canopy mapping has improved for each Tampa Analysis

 Example - we could map smaller trees in 2016 that were not detected in 2011 or 2006

 Measuring change over time requires a consistent and comparable method

2006 2011 2016



Tree Canopy Change: Dot-based Method
 U.S. Forest Service methods

 4,000+ points randomly located in Tampa

 Two independent technicians evaluated 
each point as “Canopy” or “No Canopy”

Try this for your neighborhood: i-Tree Canopy at itreetools.org 



Citywide Tree Canopy Change 2006-2016

 Estimates of tree canopy overlap slightly from 2006 to 2011 to 2016
 We cannot say with 100% certainly that tree canopy changed

 Increase in Tree Canopy 2006 to 2011

 Slight decline in Tree Canopy 2011 to 2016

Percent Tree Canopy with Error Shown as 95% Confidence Interval 



How does Tampa compare to other U.S. Cities?

Southeastern Cities



Tree Canopy Change by Planning District

 Slight increase from 2006-2011in all areas

 Minimal increase from 2011-2016 in New Tampa and USF Institutional

 Minimal decrease from 2011-2016 in Central Tampa, South Tampa & Westshore TIA



Urban Forest Management Plan Performance Criteria

Canopy cover relative to goals by municipal planning district
 The City of Tampa Urban Forest Management Plan recommends “No net 

loss of canopy cover by municipal planning district” as a performance 
criteria for the vegetation resource. 
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Urban Forest Ecosystem Services



Carbon Sequestration



Carbon Storage



Energy Savings
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Avoided Runoff



Summary: Ecosystem Services

 Structural Value (i.e. Replacement Cost) - $2,014,785,011

 Energy Conservation - $8,453,930

 Air Pollution Mitigation and Associated Health Benefit - $9,103,424

 Carbon Sequestration and Storage (2016) - $119,870,000

 Avoided Runoff – $3,365,516

 Total Value - $2.15 Billion



Leaf Area – Species Abundance vs Species Contribution



Leaf Area – Species Abundance vs Species Contribution

Eight (8) species account for ~60% of Tampa’s Canopy



State of Tampa’s Urban Forest 2016
 Urban Forest Management Plan Introduction 

& Background
 Robert Northrop

 I-Tree Inventory and Analysis
 Dr. Andrew Koeser

 Spatial Analysis of Tree Canopy
 Dr. Shawn Landry

 Urban Forest Ecosystems Services
 Dr. Andrew Koeser

 Economic Value To Residential Property
 Dr. Shawn Landry



How does a tree affect the sales price of a house?
 Hedonic Pricing Analysis: common statistical technique to estimate the 

market value of an amenity/asset

 Estimates the value of a tree by accounting for all other characteristics that 
impact the market price of a house (square footage, # bedrooms, etc.)



Estimating the Value of Trees for SF Home in Tampa
 Partnered with Dr. Geoffrey Donovan, economist with the US Forest Service

 Analysis included all single-family homes that sold between May 2015 – May 2016
 Property data provided by Hillsborough County Property Appraisers Office, Computer-

Assisted Mass Appraisal database

 Excluded new construction

 4,848 property parcels included in analysis

 Two tree canopy variables examined:
 Tree canopy associated with trees 

originating within the property boundary

 All tree canopy within 500 foot around the 
property ~ 60 homes

 Property attributes
 location factors - neighborhood (HCPA)

 number of bedrooms, baths and number of 
stories; house square feet and parcel acreage; 
year built; presence of garage, carport, porch 
or pool; architectural style; roof type; type of 
air conditioning; and whether the home was 
on waterfront property.

Neighborhood: 55% Tree Canopy
Property: 31% Tree Canopy



A Robust 
Statistical 
Analysis

statistical models
1) A linear mixed model that 

included a random effect for 
a house’s neighborhood 
(MIXED); 

2) A spatial error model that 
allowed for spatial 
correlation among error 
terms (ERROR); 

3) A spatial lag model that 
allowed for spatial 
correlation among sales 
prices (LAG); 

4) A joint lag and error model 
that allowed for spatial 
correlation among both sales 
prices and error terms (LAG 
AND ERROR). 



Value of Trees for Single-Family Home Sales in Tampa
 Tree canopy in the 500’ neighborhood surrounding a home is more valuable than 

the trees on the individual single-family property.

 A 1% increase in tree canopy cover in the 500’ neighborhood adds $155 to $164 to 
the sales price of every single-family home.  
 An increase of 10% adds $1,550

 Based on an average of 60 homes within the buffer, an increase of 1% canopy is 
worth $9,271 to the combined sales in a neighborhood
 An increase of 10% adds $92,710

Based on the average canopy size per tree 
measured from the field plots in Tampa:

 One average sized tree adds $1,378 to the 
combined sales in a 500’ neighborhood

 One mature oak tree adds $2,028 to the 
combined sales in a 500’ neighborhood



Comparison of Two Neighborhoods
 New Suburb Beautiful

 58% Tree Canopy
 Trees add @ $8,900 to sales prices 

of each home

 Palma Ceia
 40% Tree Canopy
 Trees add @ $6,100 to the sales 

price of each home



Questions?


