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About i-Tree

i-Tree is a state-of-the-art, peer-reviewed software suite from the USDA Forest Service that
provides urban and community forestry analysis and benefit assessment tools. The i-Tree
tools help communities of all sizes to strengthen their urban forest management and
advocacy efforts by quantifying the environmental services that trees provide and assessing
the structure of the urban forest.

i-Tree has been used by communities, non-profit organizations, consultants, volunteers, and
students to report on the urban forest at all scales from individual trees to parcels,
neighborhoods, cities, and entire states. By understanding the local, tangible ecosystem
services that trees provide, i-Tree users can link urban forest management activities with
environmental quality and community livability. Whether your interest is a single tree or an
entire forest, i-Tree provides baseline data that you can use to demonstrate value and set
priorities for more effective decision-making.

Developed by the USDA Forest Service and numerous cooperators, i-Tree is in the public
domain and available by request through the i-Tree website (www.itreetools.org). The Forest
Service, Davey Tree Expert Company, Arbor Day Foundation, Society of Municipal Arborists,
International Society of Arboriculture, Casey Trees, and State University of New York College of
Environmental Science and Forestry have entered into a cooperative partnership to further
develop, disseminate, and provide technical support for the suite.

Disclaimer

The use of trade, firm, or corporation names in this publication is solely for the information
and convenience of the reader. Such use does not constitute an official endorsement or
approval by the U.S. Department of Agriculture or the Forest Service of any product or
service to the exclusion of others that may be suitable. The software distributed under the
label “i-Tree 2017 Suite” is provided without warranty of any kind. Its use is governed by the
End User License Agreement (EULA) to which the user agrees before installation.

Feedback

The i-Tree Development Team actively seeks feedback on any component of the project: the
software suite itself, the manuals, or the process of development, dissemination, support, and
refinement. Please send comments through any of the means listed on the i-Tree support page:
www.itreetools.org/support/.


//www.itreetools.org/
//www.itreetools.org/support/

I-Tree Products

The 2019 i-Tree software suite includes the following urban forest analysis tools and utility
programs:

Desktop Applications

i-Tree Eco provides a broad picture of the urban forest or trees in your study area. It is
designed to use field data from complete inventories of trees or randomly located plots
throughout a community along with local hourly air pollution and meteorological data to quantify
urban forest structure, environmental effects, and value to communities.

i-Tree Hydro is the first vegetation-specific urban hydrology model. It is designed to model the
effects of changes in urban tree cover and impervious surfaces on hourly stream flows and
water quality at the watershed level.

i-Tree Streets (Legacy) focuses on the ecosystem services and structure of a municipality’s
street tree population. It makes use of a sample or complete inventory to quantify and put a
dollar value on the trees’ annual environmental and aesthetic benefits, including energy
conservation, air quality improvement, carbon dioxide reduction, stormwater control, and
property value increases.

i-Tree Vue (Legacy) allows you to make use of the freely available National Land Cover
Database (NLCD) satellite-based imagery to assess your community’s land cover, including
tree canopy, and some of the ecosystem services provided by your current urban forest. The
effects of planting scenarios on future benefits can also be modeled.

Web Applications

i-Tree Landscape is an online tool that allows you to explore geospatial data for an area of
interest. It makes use of datasets, such as land cover and U.S. Census data, to provide local
information, tree benefits, and planting prioritization by designated management boundaries.

i-Tree Design is a simple online tool that provides a platform for assessments of individual trees
at the parcel level. This tool links to Google Maps and allows you to see how tree selection, tree
size, and placement around a building affects energy use and other benefits. This tool not only
estimates tree benefits for the current year, but also projects benefits over time to a user-
specified year in the future.


https://www.itreetools.org/eco/index.php
https://www.itreetools.org/hydro/index.php
https://www.itreetools.org/streets/index.php
https://www.itreetools.org/vue/index.php
https://landscape.itreetools.org/
https://design.itreetools.org/

i-Tree Canopy offers a quick and easy way to produce a statistically valid estimate of land
cover types (e.g., tree cover) using aerial images available in Google Maps. The data can be
used by urban forest managers to estimate tree canopy cover, set canopy goals, and track
success; and to estimate inputs for use in i-Tree Hydro and elsewhere where land cover data
are needed. Canopy also estimates tree benefits based on the amount of tree cover in your
study area.

i-Tree Species (now accessible online!) is designed to help users select the most appropriate
tree species based on the species potential environmental services and geographic area.
Users select and rank the importance (0-10) of each environmental service desired from trees.
The program then calculates the best tree species based on the user-provided weighting of
environmental benefits of tree species at maturity.

i-Tree MyTree (newl!) is a quick and easy mobile tool allowing you to explore the benefits
provided by the trees near you.

i-Tree Database (new!) is an online system designed for international users outside of the
United States, United Kingdom, Canada, and Australia to submit properly formatted
international pollution and weather data, location information, new species information, and
other requirements needed for the i-Tree Eco model to process in a new, previously
unsupported study area. The submitted information will be vetted by the U.S. Forest Service
and integrated into the Eco model as a new international location that would be available for
automated processing in future updates of Eco.

Utilities

i-Tree Storm helps you to assess widespread community damage in a simple, credible, and
efficient manner immediately after a severe storm. It is adaptable to various community types
and sizes and provides information on the time and funds needed to mitigate storm damage.



https://canopy.itreetools.org/
https://species.itreetools.org/
http://www.itreetools.org/mytree/
http://www.itreetools.org/database/
https://www.itreetools.org/storm/index.php
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Introduction

i-Tree Hydro is a simulation tool that analyzes how land cover influences the hydrological cycle,
including the volume and quality of runoff. It can analyze historical or future hydrological events
and allow the user to contrast runoff volume and quality from between different land cover
scenarios for watershed and non-watershed areas at various scales. It is the first vegetation-
specific urban hydrology model, developed to model urban vegetation effects so natural
resource managers and urban planners can quantify the impacts of changes in tree and
impervious cover on local hydrology to aid in management and planning decisions. This tool is
intended to be simple enough for non-experts to use, yet robust enough to provide defensible
first-looks at the potential hydrological impact of land cover changes.

Hydro provides users with the following components:

o Statistically based project parameterization that allows for the modeling of a wide variety
of study areas and conditions, with pre-loaded data for thousands of U.S. locations
included to simplify the modeling process for users.

e A central computing engine that makes scientifically sound estimates of the effects of
land cover changes based on peer-reviewed scientific equations to predict positive and
negative impacts on water quantity and quality.

e An auto-calibration tool that allows watersheds to be modeled quantitatively by finding a
parameter set that effectively matches predicted streamflow with observed streamflow
for base case (current) watershed conditions.

e A user-friendly dynamic help panel which explains terminology and guides users through
the entire modeling process.

e Outputs that include exportable charts, tables, and an Executive Summary, showing
predicted water flows and pollutant loads at as fine as an hourly basis.

Overview

i-Tree Hydro models the hydrological cycle and estimates runoff volume and water quality using
inputs of elevation, land cover, weather, and various model parameters. The user can explore
how the outputs change with changes in model inputs such as tree and impervious cover.

Some additional information on inputs:
* For elevation data — to simulate a standard area such as USGS gage watersheds or US
census places, the model is best suited to use pre-loaded Topographic Index (TI) data.
For other unique user-defined areas, the model is best suited to use free Digital
Elevation Model (DEM) data.
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» For land cover data — percent tree cover, shrub cover, impervious surface, and other
cover types are needed. These values can be obtained using updated National Land
Cover Data (NLCD) from the USGS. You can also derive these values from i-Tree
Canopy, available online at canopy.itreetools.org.

» For weather — the model includes weather data from 2005-2012. With some formatting,
you can also load your own weather files.

» For model parameters — the model provides Suggested Default Values that can be
modified to better represent the specific analysis area. For soils data, the user can
change the default values to represent their area.

» i-Tree Hydro can be run for the Base Case to assess current conditions in your project
area. To contrast how land cover changes affect the runoff volume and water quality, an
Alternative Case can be run. To save time, both Base Case and Alternative Case can be
specified at the outset. The Alternative Case can be changed and the model re-run at
any time.

You can get a preview of a completed project by opening the sample project:
File > Open the Sample Project

When you are ready, get started with your own project:
File > New Project

For more information on the methodology that underlies i-Tree Hydro, visit
www.itreetools.org > Resources > Archives

About This Manual

This manual provides information needed to conduct an i-Tree Hydro project. It begins with
basic information, including how to install i-Tree Hydro, explore a sample project, and create
a new project. The bulk of this manual moves through the major project steps:

Step 1) Project Area Information
Defining your project area.

Step 2) Land Cover Inputs
Entering land cover scenarios to simulate and compare.

Step 3) Hydrological Parameters
Parameterizing soil, hydrology, and pollution variables.

Step 4) Run Hydro Model
Selecting land cover scenarios and parameter sets to simulate.

Outputs
Viewing simulation results.

11
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A section is dedicated to Additional Information. This section explains some of the more
challenging steps involved with running i-Tree Hydro: choosing your watershed, gathering input
data, and calibrating the model.

The following appendices provide further explanation and instructions about using i-Tree Hydro.

Appendix 1: Creating a Digital Elevation Model (DEM). This appendix describes the
necessary tools and steps involved in creating a Digital Elevation Model (DEM) in
ArcGIS, using a watershed as an example project area.

Appendix 2: Topographic Index (TI) Data. This appendix provides an overview of the
Topographic Index (T1) data that can be used in place of a DEM.

Appendix 3: Calculating Pollution Load. This appendix describes the methodology
associated with estimating how changes in hydrology affect water pollutant levels.

Appendix 4: International Support. This appendix includes a brief overview of the raw
data required to run i-Tree Hydro outside of the United States, and the status of i-Tree
Hydro support for use outside of the United States.

Appendix 5: Glossary. This appendix contains definitions of many of the terms used
throughout this manual and in the i-Tree Hydro program.

Appendix 6: Additional Resources. This appendix instructs the reader on where to

find background information, data, and help that is not included in this manual or the i-
Tree Graphical User Interface (GUI).

12



What’s New in v6.0

Hydro v6.0 offers several significant upgrades over previous versions, including the following:

e The newly designed user interface features a modern look with ribbon command bar, on-
screen help text, and easier project setup and data entry forms.

e Green infrastructure land cover types are included with unique parameterization for tree
pits, rain gardens, green roofs, rain barrels, and porous pavement. Through those
classes, other types of green infrastructure can also be simulated, including bioswales,
bioretention basins, and green corridors.

e More than 2 land cover scenarios can be stored within one project and modified within
the same window, making it easier to organize and keep track of multiple scenarios.

e Land cover scenarios can be paired with a unique parameter set, greatly increasing the
model's flexibility for comparing subtly or drastically different land cover scenarios.

o User-defined pollutant coefficient values can be applied to projects, instead of using
national U.S. averages, as a basis for water quality predictions.

¢ Outputs now include specific hydrologic processes for trees and different green
infrastructure types in study areas, including predictions of interception, infiltration,
evapotranspiration, and more.

For more information on the methodology that underlies Hydro and the specific model updates,
visit www.itreetools.org > Resources > Archives.

Legacy Version

Users with existing Hydro v5 projects will be able to make use of i-Tree Hydro v6. However, i-
Tree Hydro v5 will still be available as a legacy Hydro application, particularly to accommodate
users already familiar with the i-Tree Hydro v5 user interface and to provide a completed and
time-tested version while i-Tree Hydro v6 beta development is underway. The legacy version of
the software is included in the i-Tree 2017 software installation.

13
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Installation

System Requirements

Minimum hardware:

+ 1.6 GHz or faster processor

1024 MB or more of available RAM

* Hard drive with at least 500 MB free space

» Monitor with resolution of at least 1024 x 768

Software:
*  Windows 7 or higher OS

+ .NET 4.0 framework or newer (included in i-Tree installation)
+ Adobe Reader 9.0 or newer

Installation

To install i-Tree Hydro:

1. Visit www.itreetools.org to download the software or insert an i-Tree Installation CD into
your CD-ROM drive.

2. Follow the on-screen instructions to run the i-Tree setup .exe file. This may take several
minutes depending on which files need to be installed.

3. Follow the Installation Wizard instructions to complete the installation (default location
recommended).

You can check for the latest updates at any time in i-Tree Hydro by clicking
Help > Check for Updates.

14
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Exploring i-Tree Hydro with the Sample Project

Now that you’ve installed i-Tree Hydro, you would probably like to see a little of what the
software can do. To allow you to explore the program, we’ve included a sample project based
on the Rock Creek watershed near Washington, DC, USA.

1. You begin by opening Hydro using your computer’s Start menu > (All) Programs > i-
Tree > Hydro.

2. You will find the sample project under File > Open the Sample Project.

a. Under Steps > 1) Project Area Information, you can review the input data
fields. Additional input parameters can be viewed and modified in Steps > 2)
Land Cover Inputs or 3) Hydrological Parameters.

b. Tree and impervious cover parameters can be adjusted to see how these
changes affect the hydrology of the project area. Click Steps > 2) Land Cover
Inputs and make adjustments to land cover scenarios as desired. On your first
exploration into i-Tree Hydro, we recommend leaving scenarios as they are to
see how they compare. You can always return and make adjustments.

c. Click Steps > 4) Run Hydro Model to select the land cover scenarios and
hydrological parameters of interest. Click Run to begin calculating outputs.

d. Under the Outputs menu, review the graphs and tables that are available for
your watershed analysis over various time periods. For example:

+ Executive Summary — a brief PDF displaying overall results.
+ Water Quantity — estimates of the water flow in your project area.

+ Water Quality — estimates of pollutant loads associated with overland
runoff flows in your project area.

« Advanced Outputs — process-specific flows highlighting specific aspects of
the simulated water budget.

We explain all steps and outputs in greater detail. For now, feel free to explore what’s available.

((’ Tip \

i-Tree Hydro users have shared a number of project reports to help others

understand project setup and analysis of results. These can be helpful

examples to learn from when starting a Hydro project and can be found at
\ www.itreetools.org under Resources > Project Reports J
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Creating a New Project

Considerations for New Projects

Before you get started with Hydro, there are several decisions about project design which can
be helpful to consider in advance. Use this simple decision tree as a guide leading into the
project setup steps. As you can see, not every question will be relevant to your Hydro project. In
the remainder of this section of the manual, we’ll provide you with more information to help
answer these questions.

Project Basics

Are you modeling a watershed or non-
watershed area?

P

Non-Watershed Area

Water leaves area from
multiple points.

7

Are default hydrological
parameters acceptable,
or will local knowledge of
site conditions be used
for manual calibration?

\/

Is project in a standard
area (U.S. municipality,
county, state) with pre-
loaded topography, or
is a DEM needed?

Watershed Area

Water leaves area from
single observable
drainage point.

v

Is observed flow and
corresponding weather
data available? If so, will
vou use auto-calibration?

\

Is project in a standard
area (U.S. HUCS or
GAGES Il basin) with pre-
loaded topography, or
is a DEM needed?

Figure 1. Project Planning Decision Tree

Are you modeling a watershed or non-watershed area?
A Hydro analysis can be done for watersheds of various scales, as well as for non-watershed
areas including entire cities, a neighborhood, a park, or even a single backyard. The answer to
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this question will affect what pre-loaded topographic data is available, and whether or not you
have the option to enter observed streamflow data for auto-calibration. A watershed is defined
as an area where all water drains out from a single observable point, and only watershed areas
with observed streamflow can use Hydro’s auto-calibration feature at this time.

Will hydrological parameters for the project area be calibrated?

Hydro projects make use of hydrology and soil parameters to more accurately simulate local
conditions, and these parameters have wide ranges to suit conditions for many different project
areas. Default parameters are provided to effectively model a variety of project areas. These
default parameters serve as a starting point for comparative assessments between the
hydrological effects of different land cover scenarios. To further localize Hydro for a project,
default parameters can be modified by users. For watershed areas with stream gauge data
available, an auto-calibration feature can be used to find the optimal parameter set to describe
local conditions. Auto-calibration works by comparing predicted streamflow (based on project
inputs including weather data) with local observed streamflow and adjusting parameters
automatically to find a best match.

Is the project in a standard area, or is a DEM needed?

For study areas that are a standard U.S. watershed unit (HUC8 or USGS GAGES Il basin) or a
US Census Place (U.S. state, county, or municipality), pre-loaded topography data is available
in the form of Topographic Index (TI) files to make project setup easier. If you are modeling a
non-standard project area (not a HUC8, USGS GAGES Il basin, or US Census Place), or if you
want to use your own topographic data for a standard area, then you’ll need to provide your own
topographic data in the form of a Tl file or a Digital Elevation Model (DEM) file. Both files — a
DEM or Tl file — need to be prepared according to a standard format, which you can learn more
about in Appendix 1: Preparing a Digital Elevation Model (DEM) and Appendix 2:
Topographic Index (TI) Data. Most users providing their own topographic data will create a
DEM for their project area using GIS software or with the help of local GIS experts.

/A Caution \

Although HUCS areas are classified as watersheds, they are not necessarily true
drainage basins and they may not have a stream gauge available for use in auto-
calibration. HUCS8s are water management units and often they are truncated

sections of natural drainage basins. If you want to use auto-calibration with pre-
loaded topographic data, base your project on a USGS GAGES Il basin. /

\_
More Information \

The Additional Information section later in the manual goes into more detail
about choosing a watershed, gathering inputs, and calibrating a project. It is
meant to supplement the more general directions provided in this section and
you may find it helpful to explore that section before creating a new project.

\_ J
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Getting Started in i-Tree Hydro

To begin working with i-Tree Hydro, click your computer’s Start menu > (All) Programs > i-
Tree > Hydro.

To start a new project:

1. Click File > New Project. In the Save As window that appears, navigate to the folder
that you wish to save your project in.

2. Give your new project a name and click Save.

3. The Step 1) Project Area Information will appear.

((’ Tip \

As you navigate through each step, you can review Help Text in the panels

on the right-hand side of each window for more detail about model inputs

and parameters. The Help text for each variable appears when you hover

\ over its name or input field. j
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Step 1) Project Area Information

Begin developing your i-Tree Hydro project by entering its Project Area Information.

Open the Step 1) Project Area Information window under the Steps menu. (This window
opens automatically when you create a new project.)

Geographic Reference Location

Enter the Geographic Reference Location for your study area. Since watersheds are not
confined to political or parcel boundaries, it is important to choose the state, county, and city in
which the greatest portion of your watershed is located. If your city is not listed, choose N/A in
the alphabetical listing.

This information is used as text in the Executive Summary, as a starting point in selecting pre-
loaded input data, and as a basis for certain model calculations that rely on local climate or
phenology data. If you cannot use a Geographic Reference Location near your study area, then
select an area that can serve as an effective reference with a similar climate, elevation, and
latitude to your area of interest.

Project Time Period

Choose a Start Date / Time and End Date / Time for your project. These will denote the first and
last recorded time step of the input time-series (weather and, optionally, observed streamflow)
and the simulation period.

i-Tree Hydro has pre-loaded weather and stream gage data available for 2005 — 2012. If you
are using the pre-loaded data, you'll find availability of weather and stream gage stations will be
filtered by your chosen Start and End Date/Time. If you are loading your own data, make sure
you choose appropriate Date/Times that are the same for both data sets. We recommend
limiting to three years or fewer, given the intensive amount of processing.

The default time period is one year, beginning January 1 at time 00:00 and ending on December
30 at time 23:00. The exclusion of the last day of the year, December 31, avoids problems that
can arise in the last few hours of a year when converting time-series inputs from their different
time-zone formats into a standard time-zone.

Topographic Data

Enter Topographic Data for your project area. In order to input necessary elevation information,
you have a few options depending mainly on whether you will use pre-loaded topographic data
or provide your own.
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e Pre-loaded Topography Data — For study areas that are a standard U.S. watershed
unit (HUC8 or USGS GAGES Il basin) or a US Census Place (U.S. state, county, or
municipality), pre-loaded topography data is available. Click Select preloaded
topography data and a Topographic Index (TI) Selector menu will appear. In that menu,
choose whether you are modeling a watershed (a.k.a. catchment) area or a non-
watershed area, and then navigate the types of standard areas available for either to find
topographic data for your area of interest. When you select your pre-loaded area of
interest, the Polygon Area (m?) associated with that area will be displayed and you'll be
given the option to use that as the value for Project Area, an input that needs to be
entered in Step 2) Land Cover Inputs. When you're ready with your Topographic Data
selection, click OK. In the Save Tl File window that appears, navigate to the folder where
you saved your project, give the Tl file a name (e.g., Tl.dat), and click Save.

A o A

Although HUCS areas are classified as watersheds, they are not necessarily true
drainage basins and they often do not have a stream gauge available for use in
auto-calibration. HUC8s are water management units and often they are truncated
sections of natural drainage basins. If you want to use auto-calibration with pre-
loaded topographic data, select a USGS GAGES Il basin or otherwise ensure your

\ project area is a true drainage basin. /

e User-provided Topography Data — If you are modeling a non-standard project area
(not a HUCB8, USGS GAGES Il basin, or US Census Place), or if you want to use your
own topographic data for a standard area, then click Select my own topography data.
A Select Topographic Data menu will appear. In that menu, choose whether you are
modeling a watershed (a.k.a. catchment) area or a non-watershed area, and then select
whether you are submitting your topographic data as a Topographic Index (TI) file or as
a Digital Elevation Model (DEM) file. A window will appear where you can select the file
you wish to use as your project’s Topographic Data. Both files — a DEM or Tl file — need
to be prepared according to a standard format, which you can learn more about in
Appendix 1: Preparing a Digital Elevation Model (DEM) and Appendix 2:
Topographic Index (TI) Data. Most users providing their own topographic data will
create a DEM for their project area.

Weather Station Data

Select Weather Station Data for your project. Accurate, complete, and nearby weather data is
critical for the best i-Tree Hydro estimates. In order to incorporate Weather Station Data, you
have two options:

o If you will be using pre-loaded weather data for a time period between 2005 and 2012,

click Select a weather station from map and a Weather Station Selector map will
appear with weather stations local to your project’'s Geographic Reference Location.
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To select an appropriate station, you can enter the ID number directly in the ID field or
click on the station marker to select it. If you hover over a weather station marker, the
station name will appear in the status bar on the bottom left of the Weather Station
Selector window. After you have selected an appropriate station, click OK. Data
download will begin.

If you gathered properly formatted weather data of your own, in either raw NCDC
weather file format or in i-Tree Hydro’s processed weather file format, choose Select
raw NCDC weather file or Select processed weather files respectively. A window will
appear prompting you to select your weather file(s).

See the Additional Information > Weather Data section of the manual for more details
about the availability of pre-loaded weather data; the source and format of raw NCDC
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