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Ouitline

® Intro to thei-TreeSuite
® I-Treeandhydrology
® I-TreetHydro

i Overview of methods, inputs, and outputs

U Project setup: stefpy-step demo

i A look at outputs and a couple of usases
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i-Tree

What isi+Tree?
% A series of FREE tools to quantify ecosystem

services and values from trees (free support also)

www.itreetools.org

i-Iree

i-Iree i-Iree

Eco Hydro

i-Iree i-Iree. i-Iree i-Iree

Landscape Canopy Design Species
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How dlotthettaddsiditder?

General cateqgories:

Top-down

D Bottom-up

D Specialized utilities Install on

Desktop PC

Use in a
Web Browse

i-Iree i-Iree

Landscape Canopy
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Software

Register

¢ Basedcompeer | r Mk 1
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Community Trees: H H What's New?
A Living Investment What IS I-Tree?
i-Tree Eco project featured
ith other Kansas City
sl
Imagine KC i-Tree video>>

i-Tree is a state-of-the-art, peer-reviewed software suite from the USDA
Forest Service that provides urban forestry analysis and benefits
assessment tools. The i-Tree Tools help communities of all sizes to

¢ Technicalsupport

strengthen their urban forest management and advocacy efforts by USDA Forest Service video
quantifying the structure of community trees and the environmental promoting the value of urban
services that trees provide. forests

The Value of Urban Forests >>
Since the initial release of the i-Tree Tools in August 2006, numerous
communities, non-profit organizations, consultants, volunteers and i-Tree version 4.0 summary
students have used i-Tree to report on individual trees, parcels, An I-Tree summary document

= L 58 R Z describing v4.0 applications >>
neighborhoods, cities, and even entire states. By understanding the 9 re
I local, tangible ecosystem services that trees provide, i-Tree users can
Featured i-Tree Project: link urban forest management activities with environmental quality and Slimuts Existing Taveniory

- - Corvall Oegon - community livability. Whether your interest is a single tree or an entire Import guidebook
I m rev f forest, i-Tree provides baseline data that you can use to demonstrate Streets import guidebook >>
4 L) value and set priorities for more effective decision-making.
A i-Tree Tools are in the public domain and are freely accessible. We i-Tree Pest Detection Protocol

Learn more about i-Tree Pest

invite you to explore this site to learn more about how i-Tree can make 4
Detection>>

a difference in your community.

Follow i-Tree on Twitter E

WwWw.Itreetools.org
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I-Treellkandscape
® Nationaldatassets
¢ Explores& compare:states; countjes; watersheds; blockgrouy

i-Tree
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Current Prioritization Scenario Legend
Find Locaticns  Explote Location Data  See Tree Benefts  Priccitize Tree Pla Index is fram 0 to 100, where 0 is a low priority and 100 is a high
priority, based on the criteria assigned.
Caron Type ¢ 1D & Highlight  Priority Index |
Catbon Block Group 391535089003 B 100
Cartion Stcrage; Séquestintion: 1 COy Stoeepg Block Group 331535019001 ]
Type Tonno To ' -
Remove ¢ ID ¢ Highlight § ¢ Sshyr Suyr &8 [ 3 Block Group 391535022003 B 65}
o . |
X Census 391535072021 1 1068313 07667 138922 00997 1067617 2| Block Group 391535031001 ] 67
X censs 391536072024 ] 270265 0140  35uS 00262 27.0009 O Block Group 391535017001 B 56
- Conzus s WAL OSNDe mep. T N AR G Xy N Block Group 391535089002 B 66
Cadoa | At Poution Block Group 391535083011 B 1655
co NO; 0, PM, g e Block Group 391535017002 B 65
Type Koyt Kelyr Koyt Kolyr Ko/ Block Group 391535090002 B 625
Remove & ID S Highlight Siyr & S Siyr & S 8y & Ssyr & Ssyr e
Block Group 391535090001 ] 613
X census 91535072021 I 4743 146 6503 639 6043T: 991 1932961 725 2016 69
X coomws 91535072024 I 1% 37 1645 162 152897 2508 4605 184 535 17 Bty | A &
v e tawaATn P 447 4c e an eoons was  cAlEE %7 £Ee e Block Group 391535022004 B 160]
ol I
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I-Tree Canopy ?’u

i-Iree
Get started in three easy steps!

Browse to your project area boundary GIS file. The file must be in ESRI
Shapefileformat and in latlong coordinates.

One

& Load ESRI Shapefile ? Or | oad Sample Project >

Configure the cover classes for your survey.
} Two

2

Three ?

Been here before?

Already started an i-Tree Canopy survey?
Load it here and resume your work.

mﬁgewr§m1 Té;ral.!etria T e @ Load Previous i-Tree Canopy Survey ?

Percent Cover (+SE)

y I Determines

Id Cover Class Latitude | O/ ﬂ% (m r
Tree -37.82930543236144 @

1
2 |Tree -37.8130235633(144 E&s)yggd: Eﬁst
3 |Tree -37.81913019363144 .
4 [Non-Tree -37.82964905605 144 World-wide

5  |Non-Tree -37.81840952305144 Web-based
6 |Non-Tree -37.82188855427144

7 Non-Tree -37.81882077 144

8 Tree v -37.7860617865C 144

Tree S N .
+ ®Non-Tree Wi @1 Page|1 |of 1 m > Vlr‘
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Air Pollutant Removal (0-10 importance)

| ] ]
o Rank each of the following environmental services from 0 to 10 on how important these tree services are to you. 0 = not important; 10
-lreesSppeeles

Pollutant Removal

@ Overal @ Specific

Overall Rate ()
4 Selector - i-Tree Species ——

€ ) a htps species.itreetools.org/selector ¢ Q 1at count,

« Select Overall to consider the overall air poliutant removal impact of any tree (weights five poliutants based on the estimated effect of each

% i-Tree Species Home  Project Menu~v  i-Tree pollutant).
i-Tree

« If you wish to rank the pollutants individually, select Specific to see a list of five poliutants.
« Ranking sliders: 10 is most important while choosing 0 means the pollutant will not be considered during species selection.

Report
Report Type Other Functions (0-10 importance)
® Top10% @ Al Loc voc Emissions (@) carbon sterage ) Wind Reduction € Air Temperature Reduction )
v s v
[ ] i) [ ] [ ]
" . .

Top 10% of Species for Selected Functions UV Radiation Reduction o Building Energy Reduction o streamflow Reduction o Low Allergenicity °
Location: Indianapolis city (balance), Marion, indiana, United States of America
Constraints u n u

o Minimum Height: None o Maximum Height: 50 @ -l e @

Air Pollutant Removal (0-10 Importance)
o Overall: 0

Other Functions (0-10 Importance)

o LowVOC: 8 o UV Radiation Reduction: 4
o Carbon Storage: 4 o Building Energy Reduction: 0
o Wind Reduction: 0 o Streamflow Reduction: 0

¢ Select species criteria

Generated: 11/11/2016
S = Sensttive | = Intermediate S/1 = indeterminate

| Species Sensitivity | Pest Risk , S t r Ct r' e
Nitrogen  Sulfur u l j
Scientific Name Common Name Hazrd:,‘ness Invasive Of)osne Dioxide Dioxide | Possible Pests
one 03)  No2)  (S02)
.

SEQUOIA
SWOR  areomoon 70 ® Services
LIRIODENDRON
iy TULIP TREE 59 s

Asian Longhomed Beetle, Dutch Eim
ULMUS AMERICANA  AMERICAN ELM 39 Vs o A

' i SR G e Asian Longhorned Beetle, Dutch Eim

Disease - L]
AcHoLA ¢ Lists top species that
e or SOUTHERNMAGNOLIA  7-10
TILIA AMERICANA AMERICAN BASSWOOD ~ 4-9 I I Gypsy Moth, Winter Moth t . t .
TSUGA HETEROPHYLLA WESTERN HEMLOCK 67 | SOlcl He se e liesan Shke I I l e e yo u r C rl e r I a

Budworm
TSUGA MERTENSIANA  MOUNTAIN HEMLOCK 57 EiEngraver, Southem:Fine Bectie,

Western Spruce Budworm

J -
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= ? Start Over
|- T fee D es| g N ve.o 1614 North Newcastle Avenue, Chicago, IL 60707, USA Save Progress
' About

Bt © | (Voo TSatemte ]

Click this button to toggle tree benefit zones

Get started with these easy steps:
1. Draw Structures ?
2. Place Trees ?

Describe your tree:
¢ Tree species:

Elm, American i 4
¢ Tree diameter: 30 Inches &

or circumference: ‘ 94.2

¢ Tree condition: |Excellent Y

¢ Tree exposure to sunlight: |Full sun M

Tree benefit zones:

¢ The colored zones surrounding the structure,
which appear as you describe your tree,
illustrate the relative monetary value of
energy savings that the tree would provide in
each zone.

¢ Hover over each zone to see that energy
benefit information displayed below the map.

To place a tree:

¢ Drag this icon |§J to the location on the map
where you would like to place your tree. b e e
¢ Repeat to place additional trees.
¢ Hover over any tree you have placed on the GOOSIG
map to display its benefits.

Lat 41.90995
RAAARTFRA PR AT FHbiea Seanra bt Lng: -87.79631

I-Tree EDz@@gn ¢ Place trees on Google Maps imagery
¢ Outline structures
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Start Over
Returm to Setup

H H View Report
i-Tree Desi gN v6.0 1614 North Newcastle Avenue, Chicago, IL 60707, USA Print
Save Result

About

Display results for: |All Trees
Overall Benefits |41 "Fjm American (DBH:30 inches, Condition:Excellent)
#2 Maple, Silver (DBH:24 inches, Condition:Good)

Your selected trees provide overall benefits of $131 in the current year.
B Stormwvater B 2ir Quality

@ co2 B Winter Savings While. some functional bepeﬂts of trees are well documelnted,l chers are diffi;ult to
. quantify (e.g., human social and communal health). Trees' specific geography, climate,
O Summer Savings and interactions with humans and infrastructure are highly variable and make precise

calculations that much more difficult. Given these complexities, the results presented
here should be considered initial approximations to better understand the environmental
$65.17 and economic value associated with trees and their placerment.

Benefits of trees do not account for the costs associated with trees' long-term care and
maintenance.

If these trees are cared for and grow, they will provide $156 worth of annual
benefit in 10 years. See 'Future Year (2023)" tab at left for details.

AR A EaEel Current Year (2013) |

$28.36

$2.54

Breakdown of tree benefits

Total (2013-2023)

Click on one of the tabs above for more detail

[
b
[w]

o
=t

¢ Rapid estimate & forecast of tree benefits -Tree
¢ Stormwater, CO2, energy (heating/cooling), air qualitb@ﬁ@ﬂ

i-Treeis a
Cooperative Initiative @ %
.ArborDa Foundation L A—
among these partners DAVEY ™. @ seney

&
IS -1 .
Pl g
ety Casey Trees




My Tree€veta —

SAMSU

SOLEeEN % %% .4l 40% B 5:04 PM

® itreetools.org

ﬂ MyTree beta

i-Iree

<D
® I-Treeontthe:go! e Benette . W

parvifolia)
U R u n n I n g O n th e-T re e Carbon Dioxide(CO3) $108.34
CO; absorbed each year 2778.08lbs
D eS I g N e N g I N e Storm Water $28.63
Rainfall intercepted each year 4618 gal.
Air Pollution removed each year $1.82
Ozone 12,00 oz
Nitrogen dioxide 0.48 oz
Sulfur dioxide 0.16 0z
- t t | / M T Large particulate matter” 15.20 o0z
www.itreetools.org/MyTree jo e o

Electricity savings(A/C) 96.54 kWwh

Fuel savings(NG,0il) -13.99 therms

Avoided Emissions

Carbon dioxide 1223.20lbs

Nitrogen dioxide 0.00 oz
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I-Tree lcooQQuralftiftes daae @nor Earest: Resouress

i-Tree

Structure
¢ Number of trees, species distribution,
canopy cover, species diversity, etc.

Functions / Ecosystem Services
¢ Energy use

Air pollution (w/ health impacts)

uv

Carbon

Biogenic VOC emissions

Avoided runoff & hydrology

Wildlife

www.itreetools.org

5 d
5 d
5 d
5 d
5 d
5 d

Managementneeds
¢ Pestrisk
¢ Tree health ;
 Exotic/invasive spp. ﬁﬁwm”

$ Value
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i-Tree Hyblo

GwynnsFalls Watershed, Baltimore

o
(@)
%
S
<!
S
= i-Tree
% Hydro
DEM 40
Elevaticl:n:l A(fztz))66 y <¢>H ~ . :
-L ol 0 2.0 —\
— 0.0 : . : : : ‘ T T )
. S o o o o o o o o o
Quantlfles e-ﬁ:ects Of- ~.g.J; 0 10% 20% 30% o 50% 60% 70% 80% 90% 100%
® Tree cover -
2 .4
¢ Impervious cover § 60
on: & 0
® Hourly stream flow 100
¢ \Water quallty Percent Tree Cover
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i-Tree Thadisdo s Slornmwater
® Hydro ® Landscape

u Input % land cover u Examine & compare watersheds

i Estimates hourly changes in i Forestto-Faucet dataset shows
streamflow and water quality FNBIF Qa AYLEZNLI YO
0 9YIAYS F2NJ 902Qa8 KERNPS 236
estimates u Combine tree data with US Census
E]ZEEEE Current vs. Management Scenario pOpUIatlon data

%17,000 E Current T otal Flowe [ré/hr)

i-Tree

b anagement Total Flow [redh)

i
18000 Curment Base Flow [rré/hr)
7 15.000 1 M anagement Base Flow [nethr)
14,000 — Current Overland Flows [réshr]
7] M anagement Overland Flow [reshr]
13.000 — a
- Current Impervious Flow [réshr)
12.000 M anagement Impervious Flow [reé/hr)
17000 4 Rainfall [rrm.hr]
10,000 —
9.000 —
8.000 —
- . Interceptlng and hu\dlng rain on leaves, branches, and bark
7.000 n * Inci g flt t and storage of rainwater through the
6,000 H 10 e
] | -Reducm oil erasion by slowing rainfall before it strikes the soil
5,000 - ] (
4,000 —
Design
2.000 <
1.000 —

Fri18:00 Fri21:00 Sat 000 Sat 300 Sat6:00  Sat 5300 Sat12:00 Sat15:00

e Eco ® Design & MyTree

i Userfriendly, quick & easy

i Estimates tree interception, soon to
0S dzZLJRIFIUSR U2 AY
estimates of Avoide®Runoff

U Input big or smalplots or inventory

u Estimates runoff avoided,
interception, transpiration
i Runs orsimplified Hydro engine
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Zoomingiincon-Tree Hydro

i-Tree

Simulating-How L:and-CeverLChanges Affect-Water
Quantity & Quality

Evapotranspiration l

Precipitation

Infiltration

L
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I-TreeHydro
¢ Model Background

u Origins from discussions
between Dr. Ted Endreny
(SUNYESF) and Dr. David
Nowak (USFINRS)

u Wanted to replace curve
number based runoff models
with a processed based
hydrological model

Casey Trees
i-Tree is a
: o ; : e “ ? ES SEPA
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Rainfallrunoff Model
¢ Ramfallc runoff model

i Transformation of rainfall into runoff
A Hfective precip -> Infiltration -> runoff generation

A Runoff partitioning
é baseflow, overland flow, shallow subsurface flow, etc.

i Routing of runoff through watershed / to the outlet
A Building of the hydrograph, timing of flow arrival

i-Treeis a
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Modeled Hydrologic’Processes

i-Treeis a
Cooperative Initiative
among these partners

Canopy Interception
Depression Storage
Impervious Runoff
Infiltration

Soil Moisture

OO0, WNPE

{ B oaev® o

Arbor Day Foundation®

7 Pervious Runoff

8 Surface Evaporation
9 Veg Evaporation

10 Evapotranspiration
11 Subsurface Runoff
12 Spatial Distribution
13 Outputs

& 2 2 B B E |
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Snapshotof All Inputs

® Location (State, County, Place)

¢ Topography (DEM or preloaded topographic index),
typically of 30 or 10 mesolution

® Precipitation data

¢ Other weather and climate datav(ndspeed solar
radiation, etc)

® Landcover datg fromiTreeCanopyGround Surveys, etc
® Hydrology parameters

eisa Py
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Snapshoof All Qutputs y i

® Foreachitime stepl(dchoun fonthese simulations):
u Canopy interception
i Depression storage
U Infiltration
| Evapotranspiration

u
u Surface (pervious, impervious) and subsurface (base flow) flo
i Channel discharge (total flow)

u Water quality (EMC)

o . o
A R ESF % o SEPA
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Model Inputs

' deover -r[ e | Satcine |
U 5 main cover classes % -,
A Bare Soil ™ ¥

A Shrub/Grass/Herbaceous (SV)

A Impervious Surface

A Tree Cover over Impervious Area
A Tree Cover over Pervious Area

u In the future:green infrastructure
A Tree Pits
A Rain Gardens
A Green Roofs
A Porous Pavement

A Rain Barrels
A ?

Map Data Terms of Use Report a map error

i-Treeis a
Cooperative Initiative
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Model Inputs

¢ CanopyrProperties
u Leaf Area Index (LAJ)One sided
leaf area per square meter of
canopy
A Tree LAI + Tree baBAl

A Shrub/Herbaceaou& Al + Bark BAI
A Deciduous vs. Coniferous makeup

u Leaf On/Off days

¢ HydrologicaPParameters

u Defaults provide baseline for
comparative analysis

u Autocalibration offers localized
parameterization

Source: Aguilar, M.A. et al., 2010
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Model Processes

% Interception

i f(Tree%, Shrub%, Herb.%, LAI, etol

A Open space vs. canopy cover, LA, leg
on/off days, etc.

¢ Depression siorage
u f(Landcovetype, Depression depth)

A Pervious vs. imperviousdifferent
depression storage maxes

2 P2 -
h S

k( >

"-f 3 i{;}, 2

By - o
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Model Processes

¢ Surface runoft pervious
and iimpenvious
u f(Depression storage,

Infiltration processSoil
moisturestatus)

A Depression storage
filled? Saturated soil?
Rainfall intensity greater
than infiltration rate?

AModel user sets ratio of
Infiltration to saturation
excess solls

i-Tree is a
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Model Processes

% Infiltration
0 f(K,, Rainfall intensity, Infiltration process)
u Infiltration exces Modified GreerAmptroutine
u Saturation excessunconstrained flow intadootzone

| Mo M

Root Zone
l UnsatZoné gy > Shallow Subsurface Flow

l Sat Zone | ——> Baseflow

¢ SoilVoisture
i Upper Soizoner—» Unsaturated za=2) Saturated zone

u f(Infiltrated water, ET, Intr@one flow ratesBaseflow
generation, etc. )

i-Treeis a —
Cooperative Initiative . s ,/1’,' ’ii.ﬁ E,,SrF i \‘";'Em
DAVEY Arbor Day Foundation oo Voer] v e st ey o e "NAASF| i~ Unitsd Stanes
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Model Processes

Tree

® Evaporation and ET
» Tree > Shrub > ET

Shrub

» Potential Rates

h Penman'MOﬂtiEth Evapotranspiration
« Evap - f(temp, net radiation, wind speed, etc. )

 ET - f(temp,..., soil + canopy resistances)

» Actual Rates
- f(water availability, Storage/Rootzone depth, LAI, etc.)

i-Treeis a
Cooperative Initiative

Arbor Day F dati
g et 45 — £ Dy Foundaion

Evaporation

Evaporation
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Model Processes

® Subsurface flow

» f(K..., Average soil moisture deficit, Recession rate)

sat’

® Streamflow Prediction
» Baseflow — f(Subsurface flow)

 Specific discharge

» Overland runoff — f(Pervious and Impervious flow)

-« Per landcover percentage/area

i-Treeis a
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Model Calibration

¢ Calibration
u Method:

A Determining optimal model parameter set
e Optimization algorithm PEST

A Repeated model runs
e Comparing predicted and observed values

A Maximize goodness of fit metrics

i Problems:
A Equifinalityg Different parameter sets, same optimum
A Disagreement between field data and model parameters

i-Tree is a
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Model Calibration

- Parameter Calibration Results >
Daily Model Calibration Results
Enabled | Name | Volumetric Efficiency | CRF1 - Peak Flow Fit | CRF2 - Baseflow Fit | CRF3 - Overall Fit | Color

41 |Observed Discharge N/A /A N/A NIA

M |Rainfall N/A /A N/A N/A

[ |Suggested Default Values

i | AutoCalibrated Parameters

The CRF1, CRF2, and CRF3 values are a measure of how well the estimated flow matches the flow observed at the gaging station. With a very good fit, these CRF values will
approach 1.0. The full range for all values is anywhere from negative infinity to 1.0. so negative values are not necessarily bad.” Typically, ;&o:d'vﬁ.mrmnem 0.3to0 0.7. but

higher values are better. A value of 0.0 means the model is no better than just using the observed average value to represent the observed In short, the calibration process isto

maximize the NSE (CRF1) value.

Show Graph

o & & ) [Eeort]we .

Calibration Comparison

" uJ‘x.;h—_—_ 2 '-:g

Jun 4 T Jun 11 Jun 18
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Outputs

¢ Water Quantity Qutputs
u Predictedstreamflow vs. observed (if available)

Water Volume: Base Case vs. Alternative Case Predicted Streamflow Components

[ Base Case Impervious Flow Il EBase Case Pervious Flow Il B:ase Case Baseflow Volume
2] Alternative Case Impervious Flow BEEE Alternative Case Pervious Flow B Alternative Case Baseflow Volume

2,500,000

2,000,000

1,500,000

1,000,000

200,000

Yolume of Runoff {cubic meters)
1
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Outputs

® Water Quality Qutputs

u Pollutionc Loading estimates
A Total pollutant mass

ABasedonEMCvalueF N2Y 9t! Qa b! wt RIFGEF

e Currently using nationavg changing to localized Ht8Zand land cover
specific EMC values to distinguish changes in concentration based on
location and cover type

/\EMC“) EMC(2)
<

Event 1 Event 2 Event 3
Time

Pollutograph

EMC(3)

Concentration C

W
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I-Tree Hydro

Introduction to Project Setup




