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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 benefits 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 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, the Arbor Day Foundation, Society of Municipal
Arborists, the International Society of Arboriculture, and Casey Trees have entered into a
cooperative partnership to further develop, disseminate, and provide technical support for
the suite.

The i-Tree software suite v 4.0 includes the following urban forest analysis tools and utility
programs.

i-Tree Eco provides a broad picture of the entire urban forest. It is designed to use field
data from 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 Streets 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 Hydro (Beta) 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 Vue allows you to make use of freely available national land cover data maps 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.

i-Tree Species Selector is a free-standing utility designed to help urban foresters select
the most appropriate tree species based on environmental function and geographic area.

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.

i-Tree Design (beta) 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 your home effects energy use
and other benefits. This beta tool is the first stage in development of more sophisticated
options that will be available in future versions.

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.

All beta programs are still in development, therefore feedback is particularly appreciated.

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 Software Suite v. 4.0” 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.

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: http://www.itreetools.org/support/.



i-Tree

Components of the i-Tree software suite have been developed over the last few decades
by the USDA Forest Service and numerous cooperators. Support for the development and
release of i-Tree v. 4.0 has come from USDA Forest Service Research, State and Private
Forestry, and their cooperators through the i-Tree Cooperative Partnership of Davey

Tree Expert Company, the Arbor Day Foundation, Society of Municipal Arborists, the
International Society of Arboriculture, and Casey Trees.

i-Tree Eco

i-Tree Eco is an adaptation of the Urban Forest Effects (UFORE) model, which was
cooperatively developed by US Forest Service Northern Research Station (NRS),

the USDA State and Private Forestry’s Urban and Community Forestry Program and
Northeastern Area, the Davey Tree Expert Company, and SUNY College of Environmental
Science and Forestry. The UFORE model was conceived and developed by David J.
Nowak and Daniel E. Crane (USFS, NRS) and Patrick McHale (SUNY-ESF). The UFORE
software was designed and developed by Daniel E. Crane and its graphical user interface
(GUI) by Lianghu Tian and Mike Binkley (The Davey Institute).

Many individuals contributed to the design and development process of the UFORE
application including Mike Binkley (The Davey Institute), Jaewon Choi (SUNY-ESF), Daniel
E. Crane (NRS), Greg Ina (The Davey Institute), Robert E. Hoehn (NRS), Jerry Bond and
Christopher J. Luley (Urban Forestry LLC), Patrick McHale (SUNY-ESF), David J. Nowak
(NRS), Jack C. Stevens (NRS), Lianghu Tian (The Davey Institute), and Jeffrey T. Walton
(Paul Smiths College).

Revisions for i-Tree Eco versions were carried out by members of The Davey Institute,
including Lianghu Tian, Michael Kerr, Al Zelaya, Scott Maco, and Mike Binkley based on
input and newly available research from NRS and feedback from i-Tree users. The manual
was edited and designed by Kelaine Vargas.
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Eco was developed to help managers and researchers quantify urban forest structure and
functions based on standard inputs of field, meteorological, and pollution data. The model
currently calculates the following parameters based on local measurements:

Urban forest structure, including species composition, tree cover, tree density, tree
health (crown dieback, tree damage), leaf area, leaf biomass, and information on
shrubs and ground cover types.

Hourly pollution removal by the urban forest for ozone, sulfur dioxide, nitrogen dioxide,
carbon monoxide, and particulate matter (PM10). The model accounts for potential
negative effects of trees on air quality due to BVOC emissions.

Effect of trees on building energy use and related reductions in carbon dioxide
emissions.

Total carbon stored and net carbon sequestered annually by trees.
Susceptibility to gypsy moth, Asian longhorned beetle, and emerald ash borer.
Exotic species composition.

Eco makes use of user-collected field data. For large-scale areas (entire cities or
neighborhoods), a random sample of fixed area plots is analyzed. For smaller-scale

sites, a complete inventory option is available that will provide information on urban forest
structure, pollution removal, carbon sequestration and storage, and resource value. Model
outputs are given for the entire population and, for smaller scale projects making use of
complete inventories, results are also provided for individual trees.

International urban foresters have shown increasing interest in pursuing Eco projects. The
i-Tree Team is currently working with cooperators to improve functionality of the model
outside the U.S. as time and limited resources will permit. Currently certain limitations
apply to international projects both in terms of functionality and required inputs. These
limitations are outlined in Appendix 5.

Eco v. 4.0 offers two particularly significant upgrades over earlier versions. First, U.S.
projects that make use of standard weather and air quality data will no longer need to

be sent to the Forest Service for processing. An automated system is now available that
completes data analysis within one day. Second, updates have been made to the air
quality model, including improved leaf area index simulations, weather and air pollution
data processing and interpolation, updated monetary values for reduced pollutant levels,
and improved charts and tables that now display yearly, monthly, or hourly results. Due to
these changes, users can expect more refined calculations of air pollution effects when
compared with earlier versions of Eco.



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

This manual provides all the information needed to conduct an Eco project. We start with
installing the software and move on to the four project phases:

Phase I: Getting started. In this section, we talk about decisions that need to be made
right at the outset, such as the boundaries of the study area and whether your inventory
will be a random sample of fixed plots or a complete inventory of the site. During Phase
[, you'll create a sample of plots to be inventories if necessary. The final step includes
gathering general data that you'll need to have ready, such as air quality data and aerial
imagery for the optional mapping tool.

Phase lI: Getting started with the software. In this section, we run the Eco software and
use it to configure a project, create inventorying materials, and set-up the PDA application
for those who will be using this tool to collect data. In the last step, we describe how to
map the field plots so you know where to start.

Phase llI: Out in the field. This section is where all the hard work gets done, beginning
with setting up the plots. Most importantly, we cover what data fields you need to collect,
how to do so, and how to enter the data, either onto the paper forms or into the PDA.
Phase lll ends with a description of how to perform quality assurance checks to make sure
your field teams are being as accurate as possible.

Phase IV: Back at your desk: Running Eco. In this section, we describe how to transfer
data from the paper forms or PDA to the desktop, how to submit the data for processing
and how to retrieve the results. This section covers all of the available reports and
describes how to save, export, and print your results.

Appendices: These six sections provide information on generating random plots for
stratified (Appendix 1) or unstratified (Appendix 2) samples, describe how to format and
import existing tree data into Eco for use in a complete inventory analysis (Appendix 3),
clarify pest detection protocol data collection (Appendix 4), describe limitations for projects
undertaken internationally (Appendix 5) and present the paper data collection forms for
printing (Appendix 6).
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Requirements for desktop/laptop computers
Minimum hardware:

* Pentium or compatible 1600 Mhz or faster processor
* 512 MB of available RAM
» Hard drive with at least 500 MB free space

* Monitor resolution of 1024 x 768 or greater

Software:

* Windows XP service pack 2 or higher OS (including Windows 7)

e Microsoft Excel

Microsoft Data Access Component (MDAC) 2.8 or higher (included in i-Tree
installation)

.NET 2.0 framework (included in i-Tree installation)

Adobe PDF Reader 9.0

For PDA users, ActiveSync 4.5 or higher for windows XP or Mobile Device Center
6.0 or above for Vista and Windows 7 (included in i-Tree installation)

Crystal Report 2008 Runtime (included in i-Tree installation)

Requirements for field data collection devices

Several smart phones and PDA devices can be used with i-Tree applications. Devices
with the following base specifications are recommended for optimal performance and
compatibility with i-Tree applications:

* Windows Mobile 5.0—6.5 operating system (OS 7 is currently not compatible)
» 240 x 320 screen resolution

For an updated list of compatible devices, see the System Requirements and Installation
Document at www.itreetools.org > Resources > Manuals and Workbooks.

NOTE: i-Tree applications are developed to run on a .NET 2.0 framework which is
included in the i-Tree installation package. Owing to the variability across devices and
manufacturers, users may occasionally find inconsistencies running i-Tree applications
on some devices.
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To install Eco:

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

2 Follow the on-screen instructions to run i-Tree setup.exe. 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 by clicking Help > Check for Updates.

Now that you’ve installed Eco, you would probably like to see a little of what the software
can do. To allow you to explore the program, we’ve included two sample projects: a plot-
based sample project and a complete inventory project (in which all trees in a small area
of inventoried).

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

2 You have two sample project options, available under File > Open Sample
Project: a plot-based sample project and a complete inventory project.

Plot-based sample project

Under Edit > Enter or Edit Data, you can see a list of the plots. Clicking Edit Plot brings
up a window showing all the inventory fields that were collected for one plot. The charts
and tables as well as the written report and mapping feature can be accessed from the
tool bar under Reports or under View > Project Window. From the Tools menu, you can
launch the PDA utility and explore some of the options there.

Complete inventory project

Under Edit > Edit or Enter Data, you can see a list of the inventory records. Selecting a
tree and clicking Edit Tree brings up a window showing all the inventory data for that tree.
The tables can be accessed under Reports or under View > Project Window. From the
Tools menu, you can launch the PDA utility and explore some of the options there.

We will, of course, explain all of these functions and more in greater detail, but for now feel
free to explore and see what'’s available.
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Before you get started with Eco there are several decisions that must be made. In this
section, we’ll describe some of the pluses and minuses of each option to help you choose.

NOTE: i-Tree Eco users have developed a number of documents to help others with
many aspects of Eco project planning and management. These are an excellent
resource and can be found at www.itreetools.org under Resources > Archives > i-Tree
Eco Project Planning & Management Resources.

What are the boundaries of your study area?
An Eco analysis can be done for an entire city, a neighborhood, a park, or even a backyard.

Will your inventory be a complete inventory of the entire study area or a series of
sample plots?

A typical Eco project involves inventorying a series of sample plots distributed across a
city, a large university campus, or other broad, diverse landscape. Occasionally, however,
some users have opted for an Eco analysis of small, discrete areas, such as a residential
parcel or a commercial property. In this case, a complete inventory of all trees on the site
makes more sense. Keep in mind, however, that data collection on each tree is intensive,
and sites with many trees will be very time consuming. Also, reporting for complete
inventories is limited and does not include information on energy conservation, air pollution
contributions by shrubs, or available planting space.

Will you format and import an existing complete inventory?

Users interested in analyzing an existing inventory now have the option to format their
existing complete inventory data into a compatible Microsoft Access database and import
into an i-Tree Eco project for analysis. You will need to create a new complete inventory
Eco project as detailed in Phase Il and refer to the steps in Appendix 4 to format and
import data into an Eco project. The import option is not available for sample (plot-based)
project data at this time.

What kinds of field data will you collect?

For sample inventories, certain information is required, while other variables are optional.
Each variable collected adds depth to the analysis but also adds to the cost of the project.
There are four optional data categories for sample inventory analyses:


www.itreetools.org

Plantable space: If you would like to estimate the available planting space for your
area, you will need to collect information on the fraction of each plot that is plantable.

Energy: If you would like to assess the effects your urban forest is having on energy
consumption, you will need to collect information related to nearby buildings (distance
and direction from trees).

Shrub: If you would like to know the effects your study area’s shrubs are having on air
pollution, you will need to collect information on the species, height, and cover of the
shrubs within the plots.

Hydro: i-Tree Hydro is a new module in the i-Tree suite that offers the ability to
assess the effects of urban tree cover and impervious surfaces on hourly stream

flow and water quality for a defined watershed. If you plan to conduct an analysis of
your watershed using Hydro, you will be asked to supply data regarding the average
percentage of impervious surface and shrub cover under the driplines of trees in your
area. As this information can be hard to come by, we have made it possible to collect
these data during an Eco project. Keep in mind, however, that the project boundary of
your Eco analysis should overlap or be the same as the watershed you will study in
Hydro for this to be valuable.

Will you collect information on pests?

The i-Tree Pest Detection protocol (http://www.itreetools.org/iped/index.php) can now be
used for sample and complete Eco inventory projects. This optional module allows you
to document signs and symptoms of tree pests and diseases as part of your Eco project.
Note, however, that although the data collection features are already active, the reporting
functionality is not yet. The ability to run Pest Detection reports will be available soon in a
future update.

NOTE: The Pest Detection protocol is independent of the existing Eco pest
susceptibility reports for emerald ash borer, gypsy moth, and Asia long-horned beetle.
The existing reports do not reflect field-collected data about actual risks and harm, but
rather calculate the damage that a potential outbreak could have. These reports will
continue to be fully functional.

To conduct your inventory, will you use (a) the i-Tree PDA tool, (b) paper forms, or
(c) a non-i-Tree inventory platform?

The Eco software package includes a PDA application for use in conducting inventories
that works seamlessly with the desktop application. It is customizable for your city’s
inventory needs, easy to use, and results in a database that is properly formatted for
Eco and can be uploaded with a single click. The PDA application works with a variety
of handheld devices, including PDAs, smart phones, Trimble dataloggers, etc. running
Windows Mobile 5.0-6.5 operating system.
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If your community lacks funding to support the use of PDAs or you simply prefer to use

an alternate method, that's no problem. Inventories can be conducted using paper forms,
proprietary inventory tools, spreadsheets, etc. An inventory form is included to make
inventorying simpler, and the desktop Eco application includes a user-friendly input form to
simplify the data entry process. You should review the section Phase IlI: Out in the Field:
Collecting Data to help with planning.

If you are conducting a sample inventory of a large-scale study area, the most important
step in planning is to create the random sample of the plots. There are several decisions
to be made before you begin. The following sections are provided to help you understand
elements of designing a sample such as stratification options, determining the number of
plots needed and a method of randomly distributing plots. As Eco projects can differ
greatly, these are only guidelines and may not always be applicable to your project. Users
are advised to consult with a statistician regarding their project sample design if they have
very specific needs or concerns.

Your sample design decisions should be based on your desired project goals (i.e., the
questions you are trying to answer), the available resources to manage and complete

the project, and the desired precision of the model estimates. For example, a stratified
sample design with many plots may allow for comparison between land use types or
neighborhoods and for greater precision of the model estimates. However, there will be
associated project considerations such as the additional resources that will be needed to
create maps, obtain permission to access properties, travel to plots, and collect field data.
Conversely, a simple unstratified random sample will not allow for comparison of subunits
but may provide sufficient information to achieve the project objectives.

A technical article is available at www.itreetools.org under Resources > Archives that
provides more detail on the effects of sample design options on project precision and
estimates. See “Effect of Plot and Sample Size on Timing and Precision of Urban Forest
Assessments” under the Eco resources section of this page.

Will you stratify your sample?

For some studies, stratifying (sub-dividing) the study area into smaller units can help clarify
differences across the study area. For example, you might stratify your city into land-cover
classes so that you can compare the urban forest effects in industrial areas with those in
residential areas. Ultimately, the decision to stratify should be based on your current and
future project objectives and your available resources.

No stratification (simple random sample): In a study with no stratification, plots are laid
out randomly across the study area. This is a simpler method and offers the advantage of
true randomness. True randomness, however, might not provide you with a true picture
of your urban forest. Consider, for example, an extreme case of a city that is divided into
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two land uses: single-family residential (10% of total area) and industrial (90% of total
area), with all of the trees in the residential district. A true random sample would place
10% of plots in residential areas and 90% of plots in the industrial area and would result in
an incorrect picture of the urban forest. Because in most cities, the trees themselves are
not distributed randomly across land uses or neighborhoods, stratified sampling can offer
a more accurate picture of the urban forest. If you decide to stratify your study, you can
either pre-stratify or post-stratify.

Pre-stratification: With pre-stratification, the study area is divided into smaller classes
(or strata) prior to determining the plots. The number of plots in each stratum is based on
which areas are believed to have the greatest variability or are of greatest interest. Often
the maijority of the plots are distributed within residential and forest/vacant land uses, as
these areas tend to have the greatest density of trees. One disadvantage of stratification
is that it might make future studies that revisit the same plots difficult if land uses change
over time.

Post-stratification: With post-stratification, plots are distributed randomly throughout the
study area and strata boundaries are flexible and can be determined or modified after
data collection or in the future. Post-stratification allows you to analyze your data into
multiple schemes. For example, you can use the same plots and field data to compare
your results by land use types and then change the stratification to allow for analysis by
political boundaries, neighborhoods, or management units as desired. Post-stratification
allows you to manage the stratification boundary definitions to analyze change over time
if your project will be re-measured in the future. For example, a land use category that is
agricultural in an initial study may be developed in the future and reclassified as residential
or commercial. Although post-stratification allows for greater flexibility, one disadvantage
is that estimates may not be as accurate as a pre-stratified project where plot quantity is
predetermined based on existing land types and desired objectives.

Stratification limitations: If you decide to stratify your sampling, be sure not to choose
too many categories or strata. The number of strata used in an Eco project is typically
between 5 and 10 (for an analysis with 200 total plots) and can not exceed 14. Too many
categories can lead to analysis problems, as too few plots may fall in some strata. Each
stratum should have at least 20 plots.

How many plots will you inventory and how big will they be?

The number of plots to be inventoried must be determined. As a general rule, 200 plots
(1/10 acre each) in a stratified random sample (with at least 20 plots per stratum) will yield
a standard error of about 10% for an estimate for the entire city. As the number of plots
increases, the standard error decreases and you can be more confident in the estimate for
the population. The graph below provides a rough estimate of how the standard error of the
total number of trees in a city changes based on the number of plots sampled. Note how
for the first 100 plots, the standard error drops more rapidly than for the second 100 plots,
although the standard error continues to drop with increased sample size.
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Keep in mind, however, that as the number of plots increases, so does the time and cost
of field data collection. A crew of two people can typically measure 200 plots within one
summer for a city with about 20% tree cover. The actual number of plots to be measured
differs based on many factors, including the size of the city and tree cover.

NOTE: We recommend adding an extra 5-10% to your total number of plots to use as
replacements where a plot is inaccessible.

The standard plot size for an Eco analysis is a 0.1 acre circular plot with radius of 37.2 ft. If
necessary, smaller or larger plots can be used, for instance, if you are analyzing a small
area in which 0.1 acre plots would overlap.

What kind of randomization method will you use?

There are many ways that you can randomly distribute plots throughout your study area,
whether you are working with a stratified or unstratified sample. Again, your decision
should be based on the objectives of your study and the resources available to create the
layout. Some Eco users collaborate with local universities or government agencies for
assistance to create random plot layouts for their projects if they do not have the skills or
resources. The three most common randomization methods are the following:



* Random: plots are laid randomly across the study area

» Grid: plots are laid on a fixed grid (equidistance
between plots)

+ Randomized grid: plots are laid randomly within evenly
spaced grid cells

Random: Plots are laid randomly throughout the entire study
area or randomly within individual predetermined strata
boundaries if you select to pre-stratify your project. This type of
random plot distribution is typically created with the aid of a GIS
system.

Grid: Random plots can also be created by laying out a fixed
grid of points equidistant over the project area. This can be done
manually on a map or by using a GIS. Once the grid points have
been laid out, they are numbered, and specific plots are chosen
using a random number generator, which can be found online or
within software tools such as Excel.

An advantage of the grid method is that it can be produced
without a GIS. A potential disadvantage, however, may occur if
the grid unintentionally coincides with an existing city street grid.
Thus, many plots may fall on similar land uses, which may not
be desirable.

Randomized grid: In this method, an evenly spaced grid is laid
over the study area. Then, plot points are selected randomly
within each cell, which allows for a more even distribution of
points throughout your study area with a greater degree of
randomness than using a fixed grid. This method would most
likely require use of a GIS to complete.

One advantage of the randomized grid is that it allows for
multiple post-stratification schemes because plots are more
evenly distributed.

Creating the sample

Random

Randomized grid

You can use any method you like, including paper maps and pencil, as long as it follows

random sampling conventions.

Appendices | and 2 in this manual provide detailed instructions for creating a completely
random sample (stratified or unstratified) using ESRI’'s ArcGIS. The end result will be three
files to load into Eco during project set up to create a plot list for your project configuration.
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i-Tree Eco makes use of a set of default air quality (for the year 2000) and weather data
(for years 1995-2005). Users outside the U.S. or users who wish to analyze more local
data or data for other years will need to follow the process described below.

NOTE: One significant upgrade in Eco v. 4 is that most projects are now processed
automatically and results are returned in the same day. Providing custom air quality
or weather data will necessitate custom processing by the US Forest Service and will
slow processing time significantly.

Air quality data

Users in the United States do not need to provide air quality data for an Eco analysis,
unless they wish to submit local data or data from a year other than 2000. Users outside
the U.S. or users with local data should submit their hourly air pollution data for a complete
year in Microsoft Excel format with column names and data as shown in the table below.

Pollution data should be sent to i-Tree support at info@itreetools.org as an email
attachment referencing the associated Eco project. The data should be submitted at the
same time the project is submitted for analysis.

Column Column name Format Description
A Year Number The year the data were recorded
B Month Number The month the data were recorded (1-12)
c Spname Text Name of pollutant; must be CO, NO,, O,,
PM,,, SO,
D Cityname Text The .narrl1e of the city where the pollution
monitor is located
E Addr Text The address of the p(.)llutlor.1 monitor (cannot
exceed 5 characters including spaces)
F Units Number 1 indicates pg/m?3; 7 indicates ppm
, The concentration of the pollutant in ppm
G Quantity Number for CO, NO,, O,, SO,; and in ug/m? for PM,
H Day Number The day the data were recorded (1-31)
I Hour Number The hour the data were recorded (1-24)

1"
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Weather data

Hourly weather data are necessary to analyze air pollution removal by the urban forest
and are available within Eco for most cities around the world for the years 1995-2005. If
you wish to provide your own weather data, more information and formatting requirements
are provided at www.itreetools.org under Resources.

If you chose to stratify your sample, Eco offers the option of visualizing your results
spatially by making use of the 2001 National Land Cover Dataset (NLCD), which is
distributed by the Multi-Resolution Land Characteristics Consortium (MRLC;
www.mrle.gov). With Eco’s Maps option, results of your analysis related to carbon storage,
carbon sequestration, structural information, pollution removal, canopy cover, available
planting space, and tree density are mapped directly onto NLCD images. This option does
not require GIS knowledge or software. It does, however, have some limitations as
described below.

NOTE: The Maps option is only suited to stratified samples and projects within the
continental United States. In addition, if your project data are not stratified by NLCD
land cover classes, you will need to use a cross-walk tool within Eco to match your
strata to NLCD cover classes. Due to limitations of NLCD imagery, canopy cover
estimates in NLCD maps will likely differ from i-Tree Eco estimates. Therefore, the
total effects displayed in the maps may be underestimated and are only meant for
visualization purposes. For unstratified samples and for greater functionality working
with the NLCD images, users are advised to use the i-Tree Vue application.

To make use of the Maps option, you’ll need to procure three images for your study area
from the NLCD datasets: land cover, percent impervious cover, and percent tree canopy.

MRLC Consortium Viewer

The MRLC Consortium Viewer is the gateway to obtaining the necessary images. To get
started:

1 Turn off any pop-up window blockers in your browser, go to http://gisdata.usgs.net/
website/MRLC, and review the user instructions.

2 Click Launch MRLC Consortium Viewer to begin.
3 Use the Zoom tool to focus the window tightly on your study area.

4 You can use the categories under Display, such as Places, Transportation,
Boundaries, and Hydrography, to help you clarify your boundaries. Click the
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green arrow to the left of the category to view the options and then check the
boxes to show the information on the map.

5 Once you have focused on your study area, click the Download tab on the right,
click the arrow next to Land Cover and select only these layers:

NLCD 2001 Land Cover
NLCD 2001 Canopy (Tree Cover)
NLCD 2001 Impervious Surface

6 Use the rectangular Download tool from the toolbar group on the left to draw a box
around the final download area on the map. Be careful not to drag the tool beyond
the map edges as this causes a reset of the viewer.

7 A pop-up window will appear. Make sure that all three datasets are present in the
download window because the three images must be downloaded at the same
time with the exact same extents. For each layer, click Download and the Save
File window will appear.

8 Click Save and navigate to the location where you want the folder stored and
change the default name to Land_cover, Canopy, or Impervious_Surface as
appropriate.

9 Unzip each folder into your preferred location. Make a note of where the folders are
stored; you'll need this for Phase II.

With your sample created, your general data collected, and your maps downloaded if
desired, you’re ready to move on to Phase Il and get started with Eco!
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Once you've decided which fields to collect during your inventory and created a random
sample if appropriate, it’s time to get started with the software.

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

To start a new project:

1 Click File > New project. The Save i-Tree Eco Project window will appear.
Navigate to the location where you want to save the project, give it a name, and
click Save.

2 The Creating a New Project window will appear. It asks you for the location of
four required databases (Species, Location, Input, and Report) and three optional
images (Land Cover, Impervious Cover, and Tree Cover) to be used for mapping
results.

a The first two blanks are filled in automatically and should be left as they are.

b The Input and Report databases are unique to a given project. Click Create
and navigate to the location where you want to create each file. In the File
Name field, supply a name (e.g., MyTown_2011_Input and MyTown_2011_
Report), and click Save.

¢ If you decided to use the Maps option to visualize your results on aerial
imagery and have obtained the necessary images from the NLCD,
enter the locations of the files in the next three blanks. For each (Land
Cover, Impervious Cover, Tree Cover), click Browse and navigate to the
appropriate folder you unzipped earlier. Select the .tif image within that
folder.

You can return to this window to make changes later by clicking File > Update Project. If
you have already started data collection, however, avoid making changes that would affect
the quality or integrity of the data.

Creating/configuring inventories
Once all four tables and three image files (if desired) have been entered:

1 Click Configure Input. The Creating/Configuring Inventories window will open.
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2 Create a name for your location in the Location Name field and choose nation,
state, county, and place from the drop-down menus. [Note: If the community that
includes your study area extends across more than one county, you may have to
try all relevant county names before the community name appears in the menu.]

3 To select a Weather Station ID (available for Eco v. 4 projects in the U.S. only)

a Click Select next to the Weather Station ID box. The Select a Weather
Station dialog box will appear with a red cross indicating your approximate
location based on the information entered above and green markers
indicating nearby weather stations offering hourly weather data. The Map
Type can be changed between Normal, Satellite and Hybrid images as
desired.

b Go to Location can be used to move the red cross hairs to a specific
geographic location. Zoom and Pan functions can be operated by
manipulating the mouse as specified in the directions at the lower right of
the screen or by moving the zoom slide bar.

¢ Click on the green marker nearest your project location. Data may not
always be readily available within your city and the nearest location will
have to be used unless you have access to other local resources to acquire
and submit properly formatted weather data.

d Once a weather station is selected, the details will be populated in the ID
number and station name fields. Click OK to proceed with configuration
steps.

4 Give the series a name to identify the exact nature of the project, e.g., “ParkTrees”
or “City,” to distinguish it from other Eco projects done at the same time in the
same place, if necessary. Series should be used sparingly. Their advantage is that
they can allow for more efficient data management, although there are some risks
associated with possible overrides of data. However, series can not be compared
against each other within one project, but must be submitted separately. It is
therefore generally better to group data into separate Eco projects with their own
file names when such grouping is necessary.

5 If you plan to reinventory your plots in the future, check the box marked Data
collected permanent? This option is only valid for sample inventories.

6 Indicate whether you will be collecting a complete inventory (Inventory - 100%
census) or sampling with random field plots.

a For sample inventories, select the sampling method from the drop-down
box: If you stratified your sample, select Stratified Random Sample. If
your sample was unstratified and plots were completely randomized, select
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Simple Random Sample. If your sample was unstratified and you used
the fixed grid or randomized grid methods to randomize the plots, select
accordingly. This is for information only and does not affect analysis.

7 Type in the year of the inventory and choose between English and metric units.

8 Check the Pest Detection Included box if you decided in Phase |: Getting Started:
Early Decisions to use the i-Tree Pest Detection protocol as part of your project.

9 When you are finished, click Add to Database.

If you are conducting a sample inventory, in the next step you’ll define your plots and map
land uses.

1 Click Define Plots. This function creates the proper number of empty rows in the
database.

2 You can choose between Manually Create and Load from Files.

a If you created a sample using one of the methods in the Appendices
working with ArcGIS 9.2 or 9.3 and the iTree.mxd toolbar, you will have
created three Eco-ready files (the plot list report text file, the strata area
report text file, and the GIS projection file). To incorporate these, select
Load from Files. Click the button to the right of each file type, and
navigate to each of the files. Set your plot size (usually 0.1 acre with a
radius of 37.2 ft, but other sizes are acceptable) and click OK to load plots
into the database and then Exit to close the window.

b If you used an alternate method (such as paper maps and pencils), select
Manually Create. Enter your desired Plot Size (usually 0.1 acre).

¢ In either case, if you are using metric units, please enter your plot size with
five decimal places for the most accurate conversion (e.g., 0.04047 ha for
0.1 acre plots or 0.02023 ha for 0.05 acre plots).

d Click the Manage Map Landuse button to launch the screen.
Managing map land use

In the following steps, you will give i-Tree Eco more information about your stratification
classes (or nonstratification if this is the case), the total area of land each represents,
and the number of plots associated with each. Please note that although the name of
this function relates to land uses, it applies to all kinds of stratification (by neighborhood,
management zone, city council district).

Simple random samples: If your project is a simple random sample (unstratified), you will
only need to define one map land use or stratum for the entire project.
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1

2

Click Add New and in the boxes that appear at the bottom, assign a numerical
Land Use ID number (“1”), a Land Use Abbreviation (“CEnt”), Land Use Description
(“Entire City”) and Land Use Size (total study area). Click Submit Change and
then Exit.

Back in the Define Plots window, place your cursor in the Plots To Be Added box
and enter the number of plots you will inventory. Click OK and then click Yes to
confirm.

Stratified projects: If you did not use the method in the Appendices to stratify your
project, follow the steps below to manually create multiple land uses/other strata with
associated plots.

1

6

From the Define Plots dialog screen, enter in a plot size and click the Manage Map
Landuse button.

Click Add New and enter your first land use or other stratification category into the
fields below. Assign a Land Use ID number (“10”), Abbreviation (“Res” or “FQ”),
Description (“Residential” or “French Quarter”), and Land Use Size (total area of
residential land or of the French Quarter neighborhood). Click Submit Change to
populate table.

Repeat the sequence for each additional category. Remember, the size of the
individual categories created must add up to the total project area.

Click Exit when complete.

Once the categories have been defined, you must create plots for each land use
using the Define Plots dialog screen. For each category listed in the Define Plot
screen, place your cursor in the corresponding row under the Plots to be Added
column and enter the number of plots for that category. Select OK to populate.
Values will appear in the Existing Plots column.

Note: Plots will be numbered in the order they are created. For example if your first
map land use was Residential with 100 plots and your second was Commercial
with 25 plots, plots 1-100 will be initially assigned as residential and plots 101-126
will be assigned as commercial. The map land use assignments for a plot can be
changed from the manual data entry form when field data are entered.

Click Exit to close the dialog box when complete.

Merging map land uses: One final feature of Managing Map Land Uses is the ability to
combine two existing land uses into one category using the Merge button. Land use areas
will be combined and plots will be combined into the land use category specified.

This feature would also be useful for reassigning a land use category for subsequent

17



projects. For example, if your original project contained an agriculture category and that
land has since been developed, you could merge the plots within the Agriculture class into
a Residential or Commercial class. Remember, if you merge Map Land Use classes of

an existing project after receiving your results, you will need to resubmit the merged data
to update the analysis. Note, also, that once two categories are merged, they can’t be
unmerged.

Your final step is to create the field data collection materials you will need. You can choose
to collect data on paper forms or on PDAs.

1 To create paper forms for a sample inventory, click on the Print button next to
Sampled Paper Collection. These forms are also available in Appendix 6 or from
the tool bar under Tools.

2 To create paper forms for a complete inventory, click on the Print button next to
Inventory Paper Collection. These forms are also available in Appendix 6 or from
the tool bar under Tools.

We’ll cover each aspect of how data collection relates to the forms in Phase IV below,
but for now take a moment to familiarize yourself with them. The sections on the form
conform to the main categories of data collection. For sample inventories, this includes
plot information (address, GPS coordinates, sketch), permanent reference data for
locating the site in the future, land use and cover data, ground cover, s