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Plan for today…

• Introduction to i-Tree
• The core ecosystem 

services
Carbon
Air pollution
Stormwater
Energy
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Public domain 
science

Free tools
Technical 

support
Continuously 

improved

“Putting USFS Urban 
Forest science into 
the hands of users”

i-Tree is a 
Cooperative 
Initiative

www.itreetools.org   

What is i-Tree?
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i-Tree: Demonstrating Tree Value

Structure   Function Value
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The 2022 i-Tree International Tools
MyTree i-Tree Canopy i-Tree Eco
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Tree Benefits 101: What does i-Tree Estimate and Why?

Stormwater
Avoided runoff, 

evaporation, transpiration

Energy 
Tree impacts on 
heating and cooling

Air Quality
Interaction with EPA 
criterion pollutants 

resulting in improved 
health

Carbon dioxide
Storage and sequestration
of a greenhouse gas
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Carbon Step 1: Measure tree structure 

Crown Light Exposure = 4
Crown dieback = 15%
Total tree height = 4.0 m

Tree species = Shumard oak
dbh = 18.3 cm
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Carbon Step 1: Measure tree structure 

Default:
Crown Light Exposure = 3

Default: Crown dieback = 17%
Modeled: Total tree height = 3.0 m

Required:
Tree species = Shumard oak
d.b.h = 18.3 cm
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Carbon Step 2: Current carbon stored in a tree

• Estimate tree dry weight biomass from 
existing species models

• Equations rely on species, dbh, and in 
some cases height

• Carbon currently stored in the tree is 
calculated at ½ of biomass

Understanding i-Tree document
https://www.fs.usda.gov/treesearch/pubs/63636
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Carbon Step 3: Estimate annual carbon sequestration

Estimate diameter growth
• Average rate for open grown trees = 0.84 cm/yr
• Adjust for growing season length
• Adjust for species (fast, medium, slow)
• Adjust for available sun based on crown light exposure
• Adjust for tree health based on dieback

Estimate carbon stored after growth
carbon seq. = carbon stored year 2 – carbon stored in year 1

Monetary value from the US Social Cost of Carbon

https://www.epa.gov/sites/default/files/2016-12/documents/sc_co2_tsd_august_2016.pdf
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Air Pollution Step 1: Estimate tree structure 
Leaf surface area

Tree 
height

Canopy width

DBH

Crown 
base 
height

1. With at least dbh and species we can predict crown size measurements

Red maple height = e(2.6393 + (ln(DBH) * 0.5613)) 

46 cm red maple has an estimate height of 21.3 m

2. With crown size measurements we can estimate crown volume

3. With volume we can estimate leaf surface area

ln (leaf area) = -4.33 + 0.29 * ht + 
+0.7312 * crown diam 
+ 5.72 * species leaf density 
+ -0.015 * crown surface area

Leaf surface area for 
our 46 cm red maple =
543 sq m
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Air Pollution Step 2: Estimate tree function
Gas exchange - NO2, O3, SO2
Deposition - particulate matter (PM2.5) and CO

Local hourly weather data: 
• windspeed 
• sunlight
• rainfall
• humidity

Local hourly pollution data

Tree data
• Leaf area
• Leaf on/off dates
• Deciduous vs. evergreen
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Air Pollution Step 3: Estimating value pollution removal value

Benefits Mapping and analysis program (BenMAP)

Inputs:
Local census data
• total population
• population by age

Estimates of pollution 
reduction
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Stormwater

Step 1: Tree/forest structure 
measurements identical to 
air pollution to estimate 
total leaf area
Step 2: Process-based 
modeling at an hourly time 
step simulating all hydrology 
related benefits with and 
without vegetation
Step 3: Parse benefits to 
individual trees based on 
relative leaf area

Inputs
a) Weather
b) Precipitation
c) Assumed cover
d) Average topography
e) Average soil
f) Leaf area

Process modeled
a) Canopy Interception
b) Depression storage
c) Impervious runoff
d) Infiltration
e) Soil moisture

f) Pervious runoff
g) Surface evaporation
h) Veg. evaporation
i) Evapo-transpiration
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Energy Step 1: Measure tree structure (within 18 m of house) 
Required:
Tree species = Red maple
Total height = 12 m
(can be derived from dbh)

Required or Default:
Crown dieback = 5%
Crown missing = 25%

Required: Distance and 
direction to building
Distance to building = 7.4m
Direction to building = 14 degrees
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Energy Step 2: Estimates of function

Shade 
effects

Influenced by 
 climate region
 building vintage
 tree size
 deciduous vs evergreen
 canopy cover  
 distance and direction to building

Windbreak 
effects

Climate 
effects
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Energy Step 3: Estimate benefits

• Cooling – kwh
• Heating – kwh and therms
• Carbon avoided
• Pollution avoided

State level energy mixes and pollution 
rates per Therm and kwh from eGRID

https://www.epa.gov/egrid
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Key points about the science of i-Tree

• Based on research from dozens of 
different researchers and over 100 
publications

• Research is continuously updated

• Estimates are generally 
conservative

• International estimates often begin 
based on US conditions, but 
customization is possible and 
recommended
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Understanding i-Tree 
i-Tree Methods webpage
USFS Treesearch archives
www.itreetools.org

info@itreetools.org
jason.henning@davey.com

For more information…

https://www.fs.usda.gov/treesearch/pubs/61514
https://www.itreetools.org/support/resources-overview/i-tree-methods-and-files
https://www.fs.usda.gov/treesearch/
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