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Agenda Today
• Tree Planting Initiatives
• Tree Canopy Cover and Benefits
• Implementing Tree Planting Programs 



Tree Planting Initiatives



Rhetoric or Reality?
• Leadership

– Invested
– Beyond tree planting

• Management 
– Capacity, quality
– Unifying

• Program
– Planning
– Partnerships
– Decision-making
– Outcomes/Monitoring
– Accountability/Reporting 



Building the Best Urban Forest
• Veg Resource

– Canopy cover 
– Diversity 
– Native veg

• Veg Mgmt
– City-wide plan 
– Funding 
– Staffing 
– Assessment tools 
– Protect existing trees 
– Species and site selection  

• Community Framework
– Public agency coop 
– Involve large landholders
– Green industry coop
– Neighborhood action 
– City-govt-business interaction 
– Regional cooperation  





Why Tree Canopy Cover?
• Percentage of area on 

ground covered by tree 
crowns
– Easy number to obtain
– Standard number – size of 

area does not matter
– Good performance 

measure
• Across time and space

– Easy to understand 



Terms
• Existing TCC

– Classification accuracy
• Potential TCC 

– All potential sites
• Excludes tree planting in paved 

areas
• Assumes all potential sites 

plantable

• Market Potential
– Accounts for sites that are not 

plantable
– SMUD survey: 25% said don’t 

want trees
• Target TCC – Between 

Existing and Market 
Potential



Canopy Cover Targets
• No widely adopted targets
• Local climate
• Land use and historic development patterns
• Future development patterns 
• High but realistic to maximize potential benefits

Target Canopy Cover - American Forests
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TCC Comparison
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Remote Sensing and GIS Data
• Satellite Imagery 

– LandSat Thematic Mapper
(30 m)

– Quickbird (2002-2005) (60 
cm, 2.4 m)

• Digital Aerial Imagery (1 ft)
• Digital Land Use Maps
• Other Base Maps

– Council districts & 
Neighborhoods

– Census data
– Highways, major streets



Los Angeles Million Tree Canopy 
Cover Assessment

• Study Goals
– Current tree canopy cover
– Number and type of potential 

tree planting sites
– Value of ecosystem services 

for 40 yrs



Results –
Existing 
Canopy

–21%
–10.7 
mil1ion 
trees

– 8%-37%



Results – Existing Canopy
Los Angeles Citywide Tree Canopy Cover
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Method for Potential TCC
• Potential Tree Canopy Cover

– Grass area without tree canopy
– Tree trunk 2-ft min from paving & building
– Tree crowns don’t overlap
– Largest stature trees first
– Reiterate for each tree type

• Mature Tree Crown Diameters
– 50 ft, 30 ft, 15 ft

• Accuracy Assessment
– 50 sample plots
– Ground Truthing



Method for Potential TCC



Results –
Potential 
Canopy

• 9.2% 
Citywide
– 23,244 ac

• 2.7 million 
trees
– 73% small
– 20% medium
– 7% large



Results – Potential Canopy
Los Angeles Citywide Tree Canopy Cover
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Target TCC for Los Angeles
• Each Council District has unique 

baseline of ExTCC to work from and 
PoTCC to fill

• ALL share same goal: fill same relative 
amount of Potential TCC 
– 50% of PoTCC

• Assume 25% of potential is not plantable
• Shared Targets: 

– Vary by land use
– Compare well to range of existing TCC
– High enough to produce large benefits    



Results –
Target 
Canopy

• 5.5% Citywide 
(20.8% + 5.5% = 
26.3%)

• 1.4 million trees
– 73% small
– 20% medium
– 7% large



Project Future Benefits
• 1 million planted

– 2006: 50,000
– 2007: 160,000
– 2008: 230,000
– 2009: 270,000
– 2010: 290,000

• 35-year period (2006 – 2040)
• 17% & 56% mortality
• 2 climate zones
• Small, medium, large trees for each

– Yew, crapemyrtle (49%)
– Jacaranda (42%)
– Camphor, Shamel ash (9%)



Project Future Benefits

• $1.64 - $1.95 billion
• $1,639 - $1,951/tree
• $49 - $60 /tree/year

– Aesthetic/other = 81%
– Stormwater = 8%
– Energy = 6%
– Air quality = 4%
– Carbon = 1%



State of the Urban Forest:
San Francisco Bay Area

• Goals
– Describe historic change in 

TCC 
– Quantify the value of 

ecosystem services from 
existing TCC

– Quantify the value of 
benefits from increased 
TCC

• Area
– 9 counties
– 7 million people
– 6,922 sq miles
– 1,077 sq miles urban 

(16%)



SF Bay Area TCC Analysis: 
Methods

• LandSat TM: 1984, 
1995, 2002 & Aerial 
Photos

• Land Use: ABAG
• 5 zones for benefit 

calculations
• Accuracy- 650 

samples
– TCC = 3.8%



SF Bay Area TCC Analysis: 
Methods

– Resource unit/TCC
• RU/TCC by species & land 

use:  SUFES, UFORE)
• RU/TCC by size 

distributions: STRATUM 
SF, Berkeley, Modesto

– Monetize Benefits
• Energy: $0.21/kWh, 

$1.73/therm
• Air quality: Varies
• Carbon: $6.68/ton
• Interception: $0.0055/gal

– Future canopy
• Increase TCC by 1.5%, 3%, 

6%, 9% 



SF Bay Area TCC Results: 
Historic Change

15%25%42%Pervious 
Surface

56%50%39%Impervious 
Surface

29%25%19%Canopy 
Cover

200219951984



Canopy Cover 1984



Canopy Cover 1995



Canopy Cover 2002
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SF Bay Area TCC Results: 
Current Canopy and Benefits

County TCC (%) Trees (M) Trees/capita Benefits (M$) $/tree $/capita
Alameda 23.4 6.6 4.6 690                104           476         
Contra Costa 31.3 8.8 8.7 946                107           930         
Marin 46.8 3.6 14.7 487                135           1,973      
Napa 34.1 1.1 8.0 136                128           1,026      
San Francisco 16.1 0.9 1.2 103                110           130         
San Mateo 31.7 4.5 6.4 617                138           883         
Santa Clara 28.9 10.2 6.0 1,535             151           903         
Solano 22.7 2.4 5.7 233                99             567         
Sonoma 33.7 3.1 6.7 422                135           905         
Total 29.0 41.2 6.0 5,171             126           748         



SF Bay Area TCC Results: 
Current Canopy and Benefits

Average Annual Benefit by Land Use ($126/tree)

Institutional,  $3.77 
, 3%

Commercial / 
Industrial,  $7.35 , 

6%

Residential High, 
$13.81 , 11% Residential Low, 

$87.41 , 70%

Open space,  
$12.72 , 10%

Transportation, 
$0.53 , 0%



SF Bay Area TCC Results: 
Current Canopy and Benefits

Benefit Type Total $ % of Total $/tree $/capita
Energy 332,805,920 6.4              8.08                48.12      
Carbon 3,939,997 0.1              0.10                0.57        
Air Quality 8,844,034 0.2              0.21                1.28        
Storm Runoff 102,419,038 2.0              2.49                14.81      
Aesthetics/Other 4,723,246,582 91.3            114.72            682.89    
Total 5,171,255,571 100.0          125.60            747.66    



SF Bay Area TCC Results: 
Future Canopy and Benefits

TCC 
increase TCC Tree increase Trees

Benefit 
($M)

Increase 
(%)

0.0 29.0 0 41,172,735 5,171 0.0%
1.5 30.5 2,131,470 43,304,206 5,409 4.6%
3.0 32.0 4,262,940 45,435,676 5,646 9.2%
6.0 35.0 8,525,881 49,698,616 6,121 18.4%
9.0 38.0 12,788,821 53,961,556 6,595 27.5%





Recommendations for 
Improving Region’s Green Infrastructure 
• Communications

– Info Clearinghouse
– Value of Trees 1-pager

• Adopt realistic TCC 
targets & develop 
strategies, plans, 
programs

• Parking lot program
• Municipal forest 

assessments
• Monitoring & Reporting



• Public-
domain GIS

• Web-based
• Users 

update 
database
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Data Collection in 
the Field
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The next steps . . .

• Beta testing
• Integrate City and Non-profit databases
• On the ground tree inventory  
• Cost-benefit analysis report
• Public release and share the goods!
• Ongoing open source community input



GIS Decision Support System



GIS Decision Support System

• Tree selection
• Benefit 

estimation
• Project 

database
• Ecological risk



Monitoring Performance
• Tree Planting

– ID#, species and location 
– Register tree(s) on-line or
– Post-planting site visit (GPS)

• Survival, Growth, Performance
– Orthorectified, digital aerial 

photos w/ color IR
– Crown projection area of each 

program tree
• Crown recognition algorithm
• W/in expected growth bounds 

for age?
• If no, intensive monitoring –

program feedback
• Calculate performance of 

sampled trees
– Field verification of sample 

(condition)

SPECIES:  Littleleaf Linden
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Implementing Programs



Tree Benefits Increase w/ Age  
Red Oak
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Size & Longevity Matter

• CO2 after 60 
years

• Crape myrtle
150 kg

• Hackberry
3,500 kg 0
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Tree Species Matters

• Crown density
• Complexity
• Surface features
• Foliation period



Space Matters

Sidewalk Damage - Large Trees
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Urban 
Advantage



Urban 
Advantage



Urban 
Advantage



Urban 
Advantage



Green Infrastructure 
BioTechnology

Engineered soil permits tree growth and 
reduces runoff



Green Infrastructure 
BioTechnology



Trees: Solar powered Trees: Solar powered 
green  machinesgreen  machines

Green Infrastructure 
BioTechnology



Engineered Soil

Carolina Stalite soil (CS)

Davis soil



UCD Parking Lot



Parking Lot Measurements

• Runoff quantity 
• Water quality 
• Surface runoff
• Subsurface moisture
• Tree growth



Space in Our Hearts & Minds



Quality Trees Matter

• Establish more 
readily

• Require less 
maintenance

• Improve chances for 
success



Arboriculture Starts in the Nursery





Not topping is preferable. Topping and retaining a leader is acceptable.

Topping with out retaining a leader is not acceptable.Topping with out retaining a leader is not acceptable.Topping with out retaining a leader is not acceptable.

Central Leader





preferable not acceptable

Tree Roots





Challenges
• Safety

– Visibility
– Lighting
– Crashes

• Other Infrastructure
– Roots, hardscape, sewers
– Leaves and litter
– Powerlines
– Irrigation and subbase
– Crows

• Other Environmental
– BVOCs, allergens
– Runoff water quality
– Solar access
– Water conservation
– Solid waste



Opportunities
• Urban forestry in spotlight
• Carbon and air quality 

investments
– utilities, cities, corporations

• How best create plan to 
implement?

• How best design plantings to 
maximize effect & minimize 
conflicts?

• How best communicate BMPs?
• How monitor and report?

– Installation
– Survival
– Growth
– Performance



Questions?
www.fs.fed.us/psw/programs/cufr




