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Forward 
Our urban forests are under intense pressure from exotic invasive insects and diseases. Communities can use a variety of management 
tools to manage the impact of invasive insects and disease threats. Using the four Illinois communities of Evanston, Skokie, Wilmette, 
and Winnetka as case studies, A Tale of Four Cities: Exotic and Invasive Pest Analysis and Issue Characterization project intended to 
answer this question—what are the advantages, limitations, deliverables, and costs of some common current urban forestry management 
tools to be successful on a regional basis in the critical effort to manage exotic invasive pests. Rather than focusing on one community 
or the use of one technology in the fight against invasive insects and diseases, this project assessed the effectiveness of a variety of 
forest ecosystem analysis technologies and management approaches. The results of this project can provide information for rational 
decision-making and operational use for municipalities, counties, regional planners, and states across the country considering or 
engaged in exotic pest management. 

This manual outlines the steps and resources used to complete A Tale of Four Cities project. It will allow other municipalities, 
individually or regionally, to duplicate this project and successfully develop an action plan with realistic and achievable goals for 
managing exotic and invasive pests. A brief description of each management tool is provided, followed by completion steps and 
necessary tools. The average costs to complete the tasks are included as well as the expected deliverables. Each section is concluded 
with a discussion of how the particular tool can be used to manage exotic and invasive pests.  

It should be noted that the scope did not allow for an analysis of all tools available, such as i-Tree Eco, invasive species readiness plans, 
public educational campaigns, etc. The tools and management strategies analyzed included the following: 

 Tree Ordinances and Management Plans 

 Public Tree Inventories 

 Hyperspectral Imagery 

 i-Tree Streets Benefit Model 

 Urban Tree Canopy Analysis  
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Tree Ordinances  

Description of Tool 
Managing urban forests and natural resources is an important and complex issue. Some 
municipal and regional issues are so important and complex that legislation and official 
policies are appropriate tools for local governments to use to protect their citizens and 
property. Various types of legislation, regulations, policies, and other tools can be 
particularly effective in protecting natural resources since the very nature and location of 
these resources often cross public and private lines, and the presence or absence of them in a 
community can greatly affect the community and surrounding areas. An ordinance contains 
the legal provisions adopted by the local government to provide authority, define 
responsibility, offer guidance to residents, and establish minimum standards for a 
community’s tree program. An individualized tree ordinance should be developed for each 
community; one ordinance does not fit all local situations. 

Steps for Completion 
The following steps suggest a reasonable approach or order of implementing urban forest 
regulations and policies through ordinances related to managing new, developing, or established programs. 

New Program 

1. Create and adopt a basic Public Tree Ordinance. Typical provisions included in a basic tree ordinance are: purpose; authority and power; 
limits of applicability; tree planting, maintenance, and removal standards; enforcement; and penalties, claims, and appeals. Additionally, 
provisions should include authority for community-wide management of threats to the forest; at a minimum, the ordinance should give 
authority to the community to take action against invasive pests on public trees. 

2. Create an Advisory Tree Board/Commission to recommend policies and practices, and to be a liaison with the public and elected officials.  

3. It is highly recommended that a section specifically for compensatory payment for damages to public trees be included in the new ordinance. 
If an automobile accident occurs or if a public tree is illegally and improperly pruned or removed, the community should collect damages 
from the responsible party to compensate for the corrective action needed and/or loss of the public tree. The Urban Forester should be 
designated as the authority to determine the appropriate payment amount based on local or national appraisal standards, such as the formulas 
developed by the Council of Tree and Landscape Appraisers, and include the costs of removal, replacement, corrective treatments, and/or 
administrative costs. 
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Developing Program 

1. Review current public tree ordinance and make necessary amendments to 
be in compliance with current arboricultural standards; assure 
compatibility with other local ordinances; secure power to control safety 
risk and insect and disease problems on private property; define and 
expand duties and authority of the urban forest manager.  

2. Formalize a ‘Public Tree Work Permit’ process in the public tree 
ordinance. The permit process would require all parties, including other 
government units, utility companies, developers, and citizens, to submit a 
permit application and receive an approved permit before any public tree is 
pruned, removed, planted, treated, or affected in any way.  

3. Create a basic Tree Preservation and Protection Ordinance for public trees.  

4. Become familiar with the existing local zoning, subdivision regulations, 
and landscape guidelines. Begin to interact with the controlling agency to 
coordinate and incorporate urban forestry program goals. Review any 
planting or maintenance specifications to ensure they meet current industry standards and municipal objectives. 

Established Program 

1. Review current public tree ordinance and make necessary amendments to be in compliance with current arboricultural standards for 
monitoring and treatment of insect and disease problems on public and private property; define and expand duties and authority of 
the urban forest manager as needed. 

2. Create a comprehensive Tree Preservation Ordinance for private trees with clear procedures for protecting trees and forested areas 
during land disturbance or development, and with penalties for non-compliance.  

3. Have direct authority and powers described within zoning and subdivision regulations for inspection and enforcement of tree and 
landscape requirements and issues; recommend the establishment of minimum canopy cover requirements for various land uses. 
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Tools You Will Need  
 A copy of the current municipal code (ordinances) with references of 

language that pertains to trees and landscaping 

 Time to review the text within the current municipal code and write new 
language.  

 Time to review ordinance language from other communities. 

 Advice and assistance of a consultant with experience in reviewing and 
developing ordinance language (optional). 

 An advisory board (preferably a Tree Board) or a group of knowledgeable 
stakeholders to assist with reviewing the language, creating a set of goals 
for the urban forestry program, and creating a list of deficiencies and needs 
for improvement in the current ordinance language. 

 Cooperation of the municipal attorney to provide review and comments 
about proposed ordinance language. 

Average Costs  
 If developed internally with staff and advisory stakeholder guidance, there are no direct cash outlays.  However, the amount of staff time 

(including public attorney) needed to review, plan, write new language, and attend public meetings can be considerable and may take 
years without proper focus and direction. 

 Consulting services (optional) will typically include review of current public code of ordinances as they relate to trees and the issues at 
hand; meeting with public staff, elected officials, and stakeholders to develop goals; and preparation of new ordinance language. The cost 
can vary from $3,000-$12,000 depending on the complexity of issues and the number of meetings with staff and stakeholders. 

Expected Deliverables  
 The end result of this effort will be a draft of the proposed new or amended ordinance language that can be presented to the citizens and 

introduced to Council for adoption.  
 If a consultant is used, expect to secure a contract with a fixed fee to develop the first draft, and an additional hourly rate for future draft 

reviews and revisions.  
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Using Ordinances to Manage Exotic and Invasive Pest s  
 An effective ordinance will contain clear language about authority for dealing with trees on public property (street trees, park trees, city 

hall, etc.). While this authority may be assumed or described in other portions of the municipal code, specific authority for dealing with 
trees is important so the community can clearly deal with the potential need to treat and/or remove trees that are subject to invasive pests 
or threaten public safety.  

 Additionally, this authority should extend to dealing with trees on private property. While this authority may be assumed or described in 
other portions of the code of ordinances, such as those that address “nuisances,” specific authority for dealing with trees on private 
property is important so the community can clearly and swiftly deal with the potential threat of invasive insects and disease and public 
safety concerns. This authority has been pivotal in the success of communities managing exotic threats, especially when quarantines are 
put in place. 

 Appropriate language in a tree ordinance can also provide direction to governmental staff about how to respond in cases where public 
safety is threatened. When a decision has to be made about removing a significant percentage of trees in a community in response to a 
pest, it’s useful to provide clear direction to staff. Invasive pests can impact a large percentage of trees in a community and direction on 
how to respond can be critical. Municipalities will often develop a companion manual of “Urban Forestry Specifications” that are 
referenced within a tree ordinance. The specifications manual can be developed as policy, rather than ordinance mandates. This facilitates 
making timely changes to the manual as new knowledge about managing urban trees and the most effective means of dealing with insect 
and disease threats is obtained.
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Community Forest Management Plans 

Description of Tool 
Unlike other public infrastructure components, properly planted and maintained 
trees increase in value over time. A community urban forest management plan, 
based on recent tree inventory data, analysis of available staff, equipment, and 
budget resources, and community goals is an essential tool for protecting this 
valuable resource. An urban forest management plan is an action plan; it gives 
agencies detailed information, recommendations, and resources needed to 
effectively and proactively manage public trees. The purpose of having an urban 
forest management plan is to ensure that a community will enjoy the benefits of 
trees through proper arboricultural techniques and management practices. The goal 
of the plan is to state what is needed to manage the urban forest and to describe 
activities and services required to execute these responsibilities. A management plan 
should be based on analysis of an accurate tree inventory and developed with input 
from staff, arboricultural experts, and the citizens, then the public agency 
responsible for the urban forest will realize many benefits, including the following: 
Improved Public Safety 

All local governments know that a large part of their primary mission is to assure safety and manage risk related to public welfare. A tree 
inventory and management plan will provide lists of trees requiring priority removal and pruning that a manager can carry out within the limits of 
budget and time. The inventory can subsequently be used to track accomplishments and monitor the tree population for safety risks over time.  
Increased Efficiency 

Once an inventory has identified the work to be done and a management plan has prescribed a maintenance program, a manager can execute that 
work in a much more efficient manner than before. By scheduling all work in a given area to be done at the same time (rather than by reacting to 
individual requests), the savings in travel and set-up time are substantial, with historical examples showing about a 50 percent reduction in cost—
especially when a system of rotational work and/or preventive maintenance is adopted. There is also increased efficiency in the office created by 
using an electronic inventory to locate and manipulate records and select and schedule work. The efficient response to citizen requests and 
questions also improves customer service. 
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Facilitate Short- And Long-Term Planning 

Planning can be made much easier by using the results of the tree inventory and the analysis in an urban forest management plan. The plan will 
identify specific maintenance and planting needs, and will identify other issues such as hardscape conflicts, right-of-way clearances, required 
personnel levels, training needs, and public relations needs. All of these elements facilitate short- and long-term planning for the urban forest.  

Justify Budgets 

An urban forest management plan provides the data and analysis needed to determine specific levels of funding for tree maintenance and 
tree planting projected over a multi-year period. With accurate data, a manager can establish, prioritize, and justify annual budget 
requests. The tasks and associated costs are clearly spelled out in the plan, and can be supported by detailed lists. Many public managers 
have found that they have much greater success with budget requests that are based on the analysis of high-quality inventory and urban 
forest program data. Also, a good inventory provides a solid basis for grant applications. 

Documentation 

Urban forest managers are frequently asked to provide documentation of their actions, or need to compile records of services provided. 
This information often includes annual work accomplishments, calculating in-house and/or contractor’s service costs per tree, tree 
removal lists, or details about a specific service request. Some requests may be routine, while others may have strong budgetary or even 
legal implications. The urban forest management plan and most tree inventory software programs make such documentation very easy 
through reports that are included in the plan or that can be generated from the inventory database. Software packages come with 
standard reports, and there is usually a mechanism for creating special reports. 

Steps for Completion 
The components of urban forest management plans can vary depending on the developmental stage of the community’s urban forestry 
program, but, generally, these steps are required to complete a plan:  

Collect Tree Inventory Data and Perform a Professional Analysis  

Collecting data about an existing population of urban trees should occur prior to the development of a detailed urban forestry 
management plan. A detailed description of the steps to perform a tree inventory, its expected deliverables, and how an inventory is used 
to manage invasive pests is found in the following section of this guide. Information about selecting a tree inventory and mapping 
management software is also contained in the tree inventory section. Utilizing the data collected during an inventory is critical to 
developing a useful community forestry management plan. A plan based on reliable and recent data can generate support for an urban 
forestry program and the goals it intends to accomplish. A thorough analysis of collected data will provide a defensible foundation and 
justifications for recommendations regarding priority programs and actions, budget, and staffing.  
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Generally, statistical analyses are performed resulting in a number of tables and graphs depicting the tree population’s characteristics. 
Then, based on that analysis and the results, maintenance and planting priorities are developed and overall management 
recommendations are made for a multi-year period. Following is a description of the inventory data analysis needed for management 
plan development. 

1. Identify Population Characteristics 
 The public tree population characteristics section of a management plan 

provides insight into the current composition and condition of an 
inventoried tree population. By identifying the species, size, and condition 
of trees in the urban forest, much is revealed about the forest’s 
composition, relative age, and health. It is important for forest managers to 
know the kinds of trees as well as the number of trees present. Species 
composition data are essential because tree species vary considerably in 
life expectancy and maintenance needs, and this information is critical for 
managing invasive insects and diseases. Similarly, tree diameter and size 
class data help to define the general age and size distribution of the total 
tree population. By analyzing and using this information, urban forest 
managers can forecast trends, anticipate maintenance needs, budget for tree 
related expenditures, and develop a basis for long-range planning. 
Knowing urban forest population characteristics facilitates decision-
making, which then allows proper and timely action to be taken for safety 
risk-reduction on public properties and rights-of-way, preventive maintenance to reduce storm damage, exotic pest management, and 
planning for tree planting operations. 

2. Identify Tree Maintenance Needs 
 One objective of an urban forest management plan is to determine the current appropriate maintenance recommendations for the tree 

population and to prioritize these tasks. Typical maintenance recommendations are: removal, pruning, stump grinding, green waste 
disposal, fertilization, insect and disease treatment, grate and guard repair, mulching, and watering. Data analysis can identify the 
highest priority maintenance recommendations such as tree removal and pruning. These activities pertain primarily to protecting 
public safety and are based on the existence of potential risks to the right-of-way, public property, and the citizens and their property 
at the time of the inventory. Other maintenance recommendations are practices directed at improving the overall health, longevity, 
and aesthetics of the urban forest. Often, the plan will provide additional resources and information regarding current industry 
standards and specifications for performing tree maintenance tasks.  
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3. Identify Tree Planting Needs 
 Data analysis can identify planting needs and will use inventory data to develop and guide public tree planting programs. Tree species 

selection and planting location designations are significant components of an urban forestry program. Decisions of what kind of tree to 
plant and where to plant it are critical due to the long-term impact of these decisions. A tree inventory should reveal the number of 
vacant planting sites, the size and types of these locations, the current species distribution, and other pertinent data. The urban forest 
management plan utilizes this data to develop an overall planting strategy and address many issues related to new tree planting and 
care. The plan identifies the areas with the greatest need for improvement, recommends species appropriate for the available planting 
spaces, discusses specific maintenance plans for newly establishing trees, and provides technical information about proper tree planting 
techniques. Using the urban forest management plan with its accurate data and professional interpretation and planning, a public 
agency can plant trees that will ultimately be healthier, safer, have greater life expectancies, be resistant to known insect and disease 
threats, have fewer conflicts with utilities and other infrastructure, be less expensive to maintain, and maximize the benefits to the 
community provided by public trees. 

4. Identify Current or Potential Insect and Disease Threats 
 Tree inventory data analysis can identify threats to an urban forest such as the emerald ash borer, Asian longhorned beetle, gypsy 

moth, Dutch elm disease, and sudden oak death. Through careful analysis of local conditions and species composition, provisions in 
the management plan can be included to attempt to mitigate the disruption to the urban forest caused by the existing or potential 
insect and disease infestations. Taking a proactive approach to these threats enables the public agency to address public and private 
needs in an efficient and effective manner. With the urban forest management plan as a guide, community forest managers can 
endeavor to distribute the costs associated with significant tree loss and damage from insects and disease over a manageable time 
period, as well as lessen the social and economic impact that such extensive losses will have on the quality of life in the community. 

Include Components That Address Critical Topics  

1. Tree Risk Reduction and Emergency Storm Response  

The urban forest management plan can, and should, have sections devoted to urban forest risk reduction and emergency response and 
recovery that includes information about general tree risk reduction and gives directions to the public agencies during an extreme storm 
emergency.  

Identifying trees with high risk and developing a plan to reduce risk by priority will allow for greater predictability in determining budgets for 
expected tree management costs in a given period. Addressing high-risk trees by removing or pruning those that pose the greatest risk will 
also reduce the potential for tree loss during severe weather events. 
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When developing an emergency management plan, dealing with woody debris in mitigation efforts must not be overlooked. When 
catastrophic disasters, such as tornadoes, ice storms, hurricanes, and severe straight-line winds strike an urban area, thousands of cubic yards 
of debris are produced and trees and vegetation can account for approximately 30 percent of this volume.  

Additional management considerations include increased threat to life from hanging limbs and uprooted trees, hindrance to life-saving efforts 
by blocked streets and driveways, power outages and power restoration efforts, and personal and public property damage. The impact of these 
additional tree-related considerations is not always quantifiable but can overwhelm public services and slow down the short- and long-term 
recovery process. A comprehensive urban forest management program greatly reduces storm hazards through proper planting, preventive 
maintenance, and systematic risk reduction. However, when disasters occur, an emergency plan as a component of this plan can provide solid 
data, facts, and protocols to assure service continuity and timely recovery and restoration. The overall objective is to create an emergency 
preparedness program for the community forest that details improved policies and procedures to increase the efficiency and productivity of 
emergency storm response operations.  

Risk reduction plans can also address threats to public safety and health, public agency operational responsibilities, and issues that are non-
storm emergencies, such as: 

 Managing invasive insects and diseases 

 Clearing leaves and woody debris from gutters and storm drains  

 Sidewalk, street, and building clearance standards 

 Line-of-sight conflicts for street and safety signage 

 Blockage of street lamps and traffic lights 

 Conflicts with overhead and underground utilities 

Both the emergency response plan and risk reduction plans should be created as a collaborative effort between all key agencies and 
stakeholders in the community. With the urban forestry manager as the lead, information and input from police and fire, public works, parks, 
purchasing, city or county administration, controlling utility companies, local and state emergency management agencies, and contractors 
should be obtained and considered when developing these plans. 
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2. Tree Board or Advisory Council Development  
Maintaining and enhancing a community’s urban forest is a long-term commitment and is dependent not only on the professional 
management and expertise of the public staff but also on the support and involvement of citizens. Unlike fire hydrants and sidewalks, an 
urban forest is a public asset that can generate both positive and negative emotional responses. An important step in dealing with this unique 
characteristic of a public infrastructure asset is forming and supporting a group of local citizens who are dedicated to the care and 
maintenance of a community’s trees while assisting the public agency in its mission.  
This group is often called a tree board or an urban forestry advisory council and can provide a number of services to public agencies. They 
can educate the citizens on the importance of trees; interact directly with elected officials in support of the program; assist in maintenance 
tasks like small tree maintenance, mulching, planting and watering; and apply for grants and generate private financial donations. Their 
primary mission, however, is to make unbiased, citizen-based recommendations and provide direction and alternatives regarding community 
tree management to public managers.  

3. Operations Review and Budgets  
Some degree of operational review is commonly incorporated into the urban forest 
management plan. Based on the extent of that analysis, the plan then makes 
recommendations for in-house staffing levels and equipment and/or determines if 
contractors can more efficiently perform a task or function. More detailed operational 
reviews can address work performance quality and adherence to industry standards, 
crew and office staff efficiency, interdepartmental coordination and resource 
allocation, safety performance, and urban forestry policies and procedures.  

Urban forest management plans generally include budgets for a multi-year, prioritized 
program for all basic urban forestry activities by providing estimated costs for the 
recommended activities. These budget figures are usually based on in-house costs 
and/or local contractual charges for maintenance and planting tasks. Urban forestry 
program budgets in management plans typically are presented on an annual basis for a 
period of five to ten years. The budget is recommended to address the highest priority removal and maintenance recommendations first. This 
is intended to reduce potential high-risk situations for the public and all associated liabilities. Then the public agency can phase in the 
recommended routine pruning and planting cycles to distribute the annual budget funds more evenly. It is not uncommon for the budgets 
presented in the management plan to exceed the current resources of the public agency. However, with the information about how much 
funding is required to properly maintain and sustain the community’s urban forest and improve public safety, urban forest agencies and 
managers should know what financial commitment is necessary and then take steps in subsequent years to attain the level of funding 
required. 
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4. Public Relations and Education  
On a basic and general level, having an inventory and urban forest management 
plan facilitates and improves public relations and education. For instance, most 
citizens are pleased when they have reached someone who knows about their 
tree and can answer general questions about the tree’s attributes, previous and 
scheduled work, or respond directly to their request because of quick access to 
the inventory database or the management plan.  
Through years of experience, urban forest managers across the country have 
found that public education is the true key to reaching the goals of an urban 
forestry program in a community. Ordinances, management plans, guidelines, 
policies, and procedures alone will not guarantee success. An urban forest 
management plan will recommend specific actions to increase and support 
public relations and education about trees and the urban forestry program. Such 
recommendations may include: 

 Holding a seminar or public meeting to discuss the tree inventory 
project, its results, and its importance for the community. 

 Developing monthly evening or weekend seminars directed at residents related to tree care and landscaping. Bring in local guest 
experts from various disciplines in the green industry. 

 Writing a monthly tree-related article for local newspapers and community websites, or preparing a press release for each new 
project. 

 Sending letters to residents in areas where tree maintenance or planting projects will be conducted each year.  
 Developing a tree care door hanger or brochure to go to each residence where new trees are planted to encourage them to help 

maintain the tree and not damage it during mowing. 
5. Update and Revise the Management Plan 

While there is no specific estimate of how many years a management plan can be useful, it is advisable to consider planning periods no 
longer than five to ten years. While longer-term goal statements can be included, even these need to be revisited at reasonable intervals to 
assess their relevance. Shorter planning intervals allow updated inventory data to be re-considered for the revised plan. A change in local 
economic forecasts, political climate, and community goals may also dictate the need for updating an urban forest management plan. An 
unknown and unsuspected insect or disease threat may be in the community. The underlying factor is to continually utilize a plan (make it an 
“action plan”), so that it is readily apparent when its usefulness may be nearing an end.  
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Tools You Will Need 
 Tree inventory data – Use data from a recent inventory of trees along streets, in parks, and other public land. Urban tree canopy and other 

remote sensing and GIS data can also be used to extract data and provide information on urban forest conditions. 
 Forest management documents and information – Examples of background information needed include: current tree ordinance; approved 

species lists; the community’s comprehensive plan; staffing and equipment lists; funding and budget information; and existing written 
regulations, policies, and procedures that affect the community forest. 

 In-house staff – Staff should be identified who will become the team that develops the management plan. It should be led by the community 
forest manager and/or the tree board and should have representatives from, or at least coordinate with, other agencies such as parks, public 
works, and planning, as well as other stakeholders such as utility companies, neighborhood associations, and allied non-profits. 

 Consulting urban forester (optional) – A consultant can prepare the plan for the community or assist the in-house team. Select a firm, or 
individual, with experience in preparing urban forestry management plans for communities that are similar in size and nature to your project. 
An outside independent analysis and assessment performed by a reputable firm with qualified and experienced personnel provides an 
unbiased look at your urban forest and urban forest management program.  

Average Costs  
 If the urban forestry plan is developed internally with staff and advisory stakeholder guidance, there are no direct cash outlays. However, the 

amount of staff time needed to prepare the plan, gather public input, meet with project partners, and finalize the plan can be significant.  
 The cost of an urban forestry management plan prepared by a consultant varies widely and is dependent on the community size, the current 

developmental stage of the existing urban forestry program, and the components that are chosen to be addressed in the plan. Expect the plan 
to cost between $3,000 and $10,000 for most communities.  

Expected Deliverables 
 A hard bound copy of the tree inventory results with full data analysis (if the plan is prepared as part of an inventory project). Sometimes this 

part of the document is produced separately as a “workbook” or “data analysis” of the inventory results, or can be an appendix section of the 
final plan. Tree inventory data should also be provided in electronic format as well, preferably in a spreadsheet, database, and/or GIS-based 
file format. 

 The full plan should contain an Executive Summary that presents the major findings, goals and recommendations, chapters on each 
component and issue, and a set of supporting appendix materials.  

 Maps can be included to detail overall canopy cover, specific tree locations, management zones, or political boundaries. All maps should be 
prepared by GIS software to allow revisions and updating. 
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Using Community Forest Management Plans to Manage E xotic and Invasive Pests 
 A community forest management plan can provide information and guidance with preparing for, taking action on, and monitoring 

invasive pests. For example, it can provide information about the number of trees that exist within a species or genera. Knowing 
how many potential host trees exist along streets and on public properties can provide useful information to prepare for emerging 
threats. The plan can also provide information about the number of host trees within each diameter class, which allows for 
removal/treatment planning and budgeting, and for estimating the number of replacement trees needed and the woody debris volume 
that may be generated in the case of catastrophic losses.  

 The same information about species and size class distribution can be useful in dealing with the on-set of an invasive pest. 
Combined with information about the current condition of each tree, a treatment protocol can be designed that takes into account 
which trees may be most vulnerable to attack, which trees may be most responsive to treatment, and which trees (if treated) will 
provide the highest potential for providing benefits. For example, older host trees that are in poor condition may not be good 
candidates for treatment and, therefore, are not considered in treatment budget estimates. However, medium-sized host trees in good 
condition are good candidates for treatment as their protection may provide benefits for years to come. Identifying these trees for 
treatment and including them in treatment budget estimates should provide a good return on investment.  

 A well-prepared plan will also identify a community’s capacity to deal with an invasive pest. The plan may reveal program areas 
that need attention such as budget, staffing, equipment resources, and public education.  
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Public Tree Inventories 

Description of Tool 
A tree inventory is a record of the location, characteristics, and assessment of individual trees in a designated 
area. However, inventory scale and complexity vary by the specific needs, goals, and resources in the 
community. Municipalities will typically perform inventories of all trees growing on publicly owned 
property (street trees, park trees, city hall, etc.). Rarely, some municipalities will perform inventories of trees 
on private property if there is a high risk of extreme tree loss associated with natural disasters (such as wind 
and ice events) or in the case of impending loss from invasive pests. Most inventories are now managed and 
accessed electronically, greatly facilitating searching and reporting. Similarly, field data collection is now 
carried out on handheld electronic devices. 

Inventories are typically accompanied by an analysis of the population characteristics—an inventory report. 
The community forest can be separated into categories such as species, size classes, and assessments made 
of their quantity and quality. In its simplest form, such analysis comprises a series of charts, tables, or maps 
from which the user can retrieve information. A more sophisticated form of inventory report is a 
Management Plan in which the implications of the data analyses are laid out in detail. (This tool is described 
in more detail in the previous section of this manual.)  

The most obvious benefit of a tree inventory is that it allows the community forest manager to change the operation from being “reactive” 
(putting out fires), to being “proactive” (performing systematic work that occurs within a framework of information, planning, and policy). 
Other benefits include the following: 

Increased Efficiency 

1. Once an inventory has identified, classified, and prioritized work to be done, a manager can use it to execute the work in a much more 
efficient manner than before. 

2. Work can be scheduled in given areas (blocks, wards, etc.) that reduce mobilization times and costs. 

3. Work of similar types can be matched to required equipment and crew types (ground pruning or aerial lifts) streamlining the 
operations. 
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Improved Community Relations 

1. Inventory data can record service requests and link them with specific trees to generate work orders and track response. 

2. Inventory data and maps can be used as educational tools and to increase public awareness about tree benefits. Some municipalities provide 
maps of public trees and tree data on their website. Increased awareness of tree benefits can also improve public support of the community 
forestry program and budget. 

Emergency Preparedness 

1. Tree inventories provide a powerful management tool when a disaster strikes. Good information about the urban forest before a disaster 
occurs (or invasive pests threaten) allows for a quick and organized response and puts applications for restoration funds on solid footing. 

Justified Budgets 

1. Up-to-date inventories provide the data needed to project specific levels of funding that will be necessary for tree maintenance and planting 
over a multi-year period. 

2. With accurate data, the task and associated costs can be clearly spelled out and supported by detailed lists. 

Documented Actions 

1. Tree managers are frequently asked to provide documentation of their actions such as work accomplishments (trees pruned, crew hours spent 
performing tasks, contractor costs, etc.). A complete inventory and a good data management system can provide this information quickly. 

Steps for Completion 
The first step in the inventory process is establishing its goals and objectives. Managers need to carefully consider their needs and priorities, 
because data collection and inventory software can entail a significant investment of time and financial resources. Items to consider as goals and 
objectives for an inventory project include the following: 

Safety 

1. The number one concern for most community forest managers is risk management. This concern follows from the obligation for prudent care 
that lies at the heart of liability. 

2. Tree inventories need to identify trees requiring pruning and removal for safety concerns. When this information is obtained and prioritized, 
short-term corrective action can be taken, long-term policies can be implemented, resources for remediation allocated, and future periodic 
monitoring scheduled. 
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Population Identification and Characteristics 

1. Inventories count the tree population and, in many cases, the sites available 
for tree planting. This enumeration process is a key objective in most 
inventories.  

2. Tree characteristics such as species, size, and health are normally included 
as well. These factors will enter into work planning, budget preparation, 
policy development, and program review. 

Maintenance Assessment 

1. Planning for maintenance is much more efficient when accurate data on 
size, condition and structure are available.  

2. Maps of management areas or lists of sites can be combined with work 
needs to develop budgets for work and efficiently assign work to crews.  

3. Long-term management issues, such as typifying and prioritizing 
maintenance, preserving species diversity, and training young trees, can 
also be readily addressed. 

Work History  

1. Inventories can be used as the basis for tracking the work history of each tree. This information helps in addressing service requests, 
determining when an individual tree is near the end of its useful life, and supplying critical data to evaluate species performance. 

Longevity and Utility  

1. The longevity, or validity, of the inventory is another factor that must be determined in advance and incorporated as an objective. 

2. Inventories can be one-time events that provide a snapshot of the urban forest, or if they are updated regularly they can be used as an 
ongoing basis for management. 

3. If an inventory is to be ongoing, a data management system that achieves this goal is critical. Selection of the appropriate software 
for data storage, retrieval, and use is an important step. 
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Inventory Scope (Sample, Partial, Complete) 

1. Sample inventories utilize random sampling protocols to provide a large-scale but cursory picture of a community forest. They can 
provide information about relative and estimated percentages of species, diameters, and maintenance needs that assist with strategic 
planning. However, they cannot provide information about tree-specific needs in the population that can be used to generate work 
orders for needed services.  

2. Partial inventories allow the acquisition of information about a portion of the population or area that is perceived as critical. 
Examples include storm damage inventories, or inventories to provide projections about potential loss from invasive pests or the 
complete inventory of all trees within a defined area of the community, such as an historic or business district. 

3. Complete inventories include all trees (and vacant planting sites) in a community forest. Complete inventories can be limited in 
terms of the defined population such as street trees or park trees. 

The following provides a list of additional steps to complete an inventory after a good set of goals and objectives are developed and the 
type of inventory is selected: 

 Determine which office personnel will be involved in the tree inventory process. This includes the inventory planning, actual data 
collection, and authority for data use and editing once the inventory is complete. 

 Determine the specific data that will be collected, keeping in mind the stated goals and objectives. Basic data collection items 
(fields) include location, species, diameter, condition rating, maintenance needs, and risk assessment. Additional information may be 
useful, but additional time or cost is incurred if more information is collected. Be sure the collected information has a real use and 
supports the forestry program’s goals and objectives. Identifying and storing tree locations using a geographic information system 
(GIS) is the norm for these projects. This method greatly enhances the data analysis capabilities and provides more opportunities for 
displaying tree inventory data in a map-based format. 

 Determine whether data will be collected by in-house personnel or by a contractor, such as a qualified urban forestry consultant. 
(Discussed in further detail in the “Tools” section.) 

 Select data collection hardware and software. (Discussed in further detail in the “Tools” section.) 

 Collect the tree data.  

 Perform quality controls and checks in the field and in the office to verify accuracy and completion. 

 Select the data storage method including the hardware (computer) and the software. (Discussed in further detail in the “Tools” 
section.) 
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 Determine who will have ultimate responsibility for access to, and use of, the tree inventory data. While the data can be available to 
many staff or even the general public, access to manipulate the data by adding or deleting trees or updating work records should be 
limited to a select few staff members. Selecting a good tree inventory data management software will greatly ease this process. 

 Analyze the tree data. An inventory report will provide a complete analysis of the data and report on the total number of trees with 
breakdowns by species, diameter classes, condition ratings, maintenance needs, etc.  

 Consider preparing an urban forestry management plan that applies the inventory data to a long-term plan for managing the 
community’s tree resources. 

 Make plans to continually update the tree inventory data if that was part of the original set of goals and objectives. 

Tools You Will Need  
 Goals and Objectives – (See steps to complete above). 

 Office Personnel – Staff should be identified who will handle inventory planning, actual data collection (if performed in-house), and 
authority for data use and editing once the inventory is complete. 

 Data Collection Personnel – Determine if the data collection will be handled with volunteers, in-house (full- or part-time staff, 
interns), or if a contractor will be used. While volunteers may increase public awareness and participation, they need to be trained 
and supervised and will still lack required skills for identification of tree risks and other technical material. Training and supervision 
costs can sometimes exceed the cost of hiring a contractor to perform the data collection and reporting. The use of in-house staff is a 
reasonable option, but consideration must be made that they will be taken away from regular duties for a significant period of time. 
Data collection can take weeks for many municipalities. Training time and costs need to be considered for in-house staff as well. If a 
contractor is used for the inventory, seek out experienced consulting urban foresters with experience and broad technical knowledge. 

 Data Collection Equipment – This can range from paper and pencil to various handheld computer devices displaying a geographic 
information system (GIS). While more costly, the use of electronic equipment provides vastly superior data collection and efficiency 
and better data storage that ultimately leads to higher accuracy and effective use of the tree inventory data.  

 Computer Hardware – The tree data will eventually be transferred from the “field” (data collection equipment) to an office 
computer. Most office computers are capable of storing the data and running tree inventory management software; however, some 
municipalities desire web-based data storage to keep data backed up and secure.  



�

Davey Resource Group 20 December, 2010 
�

 Computer Software – When selecting software for a tree inventory, compare 
various software programs on the ability and ease of retrieving the data, 
performing data analysis, making data updates (new trees planted, trees removed, 
tracking tree maintenance services, etc.), and reporting. Also consider that many 
tree inventory software programs are GIS-based and can typically work with 
currently available GIS data that many municipalities already have on hand such 
as street data, parcel data, etc. Rather than generic spreadsheet and database 
management programs, tree inventory data and mapped location information are 
best maintained and managed using commercially available software programs 
specifically designed for community forest management. These programs are 
customized for the public agency to facilitate updating and editing, and are 
capable of instantly providing useful information and producing reports such as: 

o Work histories and costs for each tree 
o Citizen service and information requests 
o Work orders 
o Available planting sites 
o Tree valuation 
o Tree benefit calculations 
o Maps 

 Budget – The cost of an inventory can be divided into three main areas: data collection, software, and inventory data maintenance. 
Inventories that provide more features may cost more, but may also provide more capabilities and be more useful for developing sustainable 
urban forestry programs. The financial resources for contractual or in-house tree inventory projects must be in place before making this effort. 

Average Costs  
 Tree inventory costs vary widely depending on the size and scope of the project, and whether in-house, volunteer, and/or contractual staff are 

used. The cost per tree or site typically ranges between $3.50 to $5.00 per tree/site. Consider that a comprehensive and accurate tree inventory 
can provide substantial benefits for public urban forestry programs by improving efficiencies, raising public awareness, and justifying 
budgets. 
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Expected Deliverables  
 An inventory database, whether completed by a qualified contractor or in-house staff, should be in a format that provides the most 

use for the community. A standard “off-the-shelf” database software program is easy to use and can be used initially or indefinitely, 
but communities will find their application and functionality is limited and will restrict how the tree inventory data are used. It’s best 
to use a fully function tree inventory management software that runs as part of a geographic information system (GIS). A thorough 
review of available software programs is available in the publication Comparison of Urban Forest Tree Inventory and Management 
Software Systems and available at http://edis.ifas.ufl.edu/fr288.  

 A “Tree Inventory Report” should accompany the tree data. This report will provide a brief analysis of the data and provide 
information such as species and size class distribution, a listing of trees with maintenance needs including a prioritized list of high-
risk trees. The report should include the analysis tables, charts, graphs, and maps and be available in printed and/or digital formats.  

 A more sophisticated report is a Community Forest Management Plan that not only provides data analysis, but also makes 
recommendations about how to use the data to provide long-term care of the tree population. The development of an Urban Forest 
Management Plan is discussed in an earlier section of this guide. 

Using Tree Inventories to Manage Exotic and Invasiv e Pests  
 During the collection of tree inventory data, trees with existing pest issues and trees at risk for potential threats can be identified. 

The final data can then provide information about how many trees may be infested/at risk, their size and condition, and their 
location. 

 This information can then be used to develop detailed plans for managing and monitoring known infestations. Tree inventory data 
will provide details such as how many trees will need treatment or removal. Since information about tree size, species, and location 
is known, a detailed plan and budget can be developed to manage particular exotic and invasive pests. 

 Additionally, tree inventory data can be used to develop effective programs for preventing potential attacks, or to develop plans for 
dealing with potential attacks. Accurate tree inventory data will provide the critical information needed to calculate the potential cost 
of various treatment and response protocols, weigh the costs and benefits, and make sound judgments about a community-wide 
response. 



�

Davey Resource Group 22 December, 2010 
�

Hyperspectral Imagery  

Description of Tool 
As a relatively new technology for community forestry management, hyperspectral imagery 
(HSI) is a form of aerial imagery that utilizes very specific light reflecting “signatures” from 
various targets on the ground. It can be thought of as a form of high-resolution 
“photography” that records hundreds of narrow contiguous measurements of electromagnetic 
energy that can be used to identify objects based on this signature. Once a signature is 
identified as belonging to a particular type of object, it can be checked on the ground with 
random sampling to ensure its accuracy. As HSI technology has developed, researchers are 
now able to identify individual tree species and map their locations remotely. The advantage 
of this technology is its ability to quickly gather images from a large area, automatically 
process the images, and develop site-specific information about trees. The type of 
information collected and its usefulness is increasing as more HSI studies are performed. 
While a thorough ground-based inspection and inventory of trees within a defined area might 
provide the same information, it takes more time and is subject to biases and judgments based  
on the data collector. HSI can remove that bias and cover a large area in a relatively short time.  

Steps for Completion 
Hyperspectral imagery requires the use of specialists in arboriculture, HSI technology, and 
GIS experts. The following steps describe how to complete an HSI analysis: 

 First, determine whether HSI technology is a more cost-effective tool to employ 
than a full ground-based inspection process. Consult with HSI experts to determine 
its need and potential application. 

 If HSI is employed, a ground sampling of trees is required to establish an accurate 
“signature” for the target species. 

 Aircraft are then used to fly over the defined area and collect hyperspectral imagery. 
 The imagery is analyzed and then combined with other GIS information to produce  

maps that indicate the location of individual tree canopy of a specific species type  
(the target).  
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Tools You Will Need 
 Imagery and remote sensing knowledge is a must. High-end remote sensing, 

image processing, and GIS software is required. 

 Image acquisition will need to be contracted and geographic boundaries must be 
defined.  GIS software and ancillary GIS data is needed for further analysis of the 
extraction results. 

Average Costs 
 The costs of implementing an HSI analysis include staff time to work with the 

contractor and provide needed GIS data. 

 Consulting fees to complete a hyperspectral imagery analysis vary widely 
depending on the size of the defined area and whether “signatures” for the 
desired “targets” have been identified in nearby areas. If so, the process of 
identifying the specific signature is easier and, thus, costs may be lower. For this 
project, an approximate cost per square mile was $2,000, but costs will vary 
tremendously by project size and location as well as timing and available GIS 
information.  

Expected Deliverables 
 The final HSI deliverable is a set of analysis results for each species targeted. HSI consists of two files; a single band “TIFF” binary 

image for each species, and an ESRI “shp” or “Vector” file with the species listed as an attribute. These files should be compatible 
with most government’s GIS systems. 

Using HSI to Manage Exotic and Invasive Pests 
 Hyperspectral imagery is a powerful new application for invasive species detection and response planning that allows communities 

to target areas with high species concentrations for more intensive inspections, monitoring, control, and dissemination of educational 
and outreach materials. A geospatial tree species inventory also permits forest managers to more accurately predict invasive pest 
movement. Increasing public awareness in these areas gets more “eyes on the ground” to identify a possible new infestation and also 
increases communication with property owners. 

 HSI will calculate how much of threatened tree canopy is present with at least 80 percent accuracy. 
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i-Tree Streets Benefit Model 

Description of Tool 
Street trees provide numerous benefits to a community and its residents. 
Healthy mature trees provide significant benefits that include reductions in 
energy use, reduction of stormwater management demands, and reduction in air 
pollution. Property values are also typically higher on sites with large trees. 
However, along with the benefits mentioned above, there are costs associated 
with planting, pruning, nurturing, and removing publicly owned trees. Staff 
must be hired or contracted to perform the tasks necessary for managing a 
municipal tree population. Poorly managed trees can cause damage to 
infrastructure such as sidewalks, curbs, and utilities. Legal issues related to tree 
claims can create expenses as well. 
In order to effectively manage publicly owned trees, a community should make 
every effort to ensure that benefits exceed costs. Until recently, the services and 
benefits trees provided in developed areas were considered to be unquantifiable. 
Determining the full cost of managing trees, while easier to calculate, was an 
arduous task as well. However, new models have been developed and 
extensively tested and utilized to confidently calculate a broad range of benefits and costs associated with managing street trees. The i-Tree 
suite of free software tools, developed and released by the U.S. Forest Service, can be used to determine if the benefits generated by the 
commnity forest exceed the costs. With this tool, forest managers can accurately quantify the benefits of the community forest and understand 
and balance the costs of managing it.  

Steps for Completion 
An i-Tree Streets analysis requires the collection of data about existing street trees, tree benefits, and tree costs. The collected information is 
then entered into a computer utilizing the i-Tree software. The following steps will provide guidance for completing an i-Tree Streets analysis 
of benefits and costs associated with managing a street tree population: 
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Define the Street Tree Population for the Project 

1. The entire City can be selected, a particular neighborhood or ward can be selected, or a random sample inventory can be used.  
2. The decision about the area’s size and boundaries may be dictated by many factors, including funding sources and available street tree 

inventory data. Data can be for single trees, blocks, neighborhoods or an entire city. Details about inventory data needs are found below. 

Compile Existing Street Tree Data or Complete A New Inventory 

1. Street tree data must be compatible with i-Tree information needs. If it’s not, some additional data gathering may be required, or a 
new inventory may need to be completed (see the earlier section in this manual about tree inventories).  

2. While the street tree inventory data must be compatible with i-Tree, the requirements are fairly basic. Each tree’s species and 
diameter (DBH) must be recorded along with a unique identifying number for each tree. While additional data are typically collected 
(such as condition, maintenance needs, etc.), this information is not required for an i-Tree Streets analysis. Keep in mind that this 
additional information is extremely valuable for making future management decisions about your street tree resource. It can also 
refine the final results of the i-Tree analysis.  

3. If a new inventory is needed, it can either be a “complete” inventory, meaning all of the street trees within the defined area or a 
“sample” inventory that collects data from randomly generated plots within the defined area. Complete inventories, while more 
costly, are more useful when making future management decisions.  

Gather Relevant Benefits Information 

1. Since trees perform many environmental services, local utility rates and other information is required to calculate the benefits. This 
information includes electric rates, natural gas rates, stormwater program costs, pollution control expenses, etc.  

2. Collect information about median home resale values. 

Gather Relevant Cost Information 

1. Collect basic governmental information such as the miles of streets in the defined area, total land area in the city, population, and the 
total municipal budget. 

2. Collect information about the total forestry program budget including breakdowns of planting costs, pruning costs, tree and stump 
removal costs, storm clean-up costs, litigation expenses, administration costs, etc. 



�

Davey Resource Group 26 December, 2010 
�

Analyze the Street Tree Inventory Data, Tree Benefits, and Costs Data Utilizing i-Tree Streets Software 

1. The i-Tree software is free and can be downloaded at http://www.itreetools.org.  

2. Determine whether the analysis will be performed in-house with forestry or Information Technology staff, or if a qualified urban 
forestry consultant will perform this task. While the software is free and relatively easy to use, as with any software or any data-
based analysis, experience is key and will yield more accurate, reliable, and useable results. 

Produce the Final i-Tree Streets Benefit-Cost Report� 
1. The software will develop a number of data tables that summarize and 

categorize the various costs and benefits associated with the street tree 
population. 

2. The information can then be used as part of an urban forestry management 
plan that guides and supports the community’s urban forestry program. 

Tools You Will Need 
 i-Tree Streets software loaded on a computer. 
 Street tree data from a defined area or the entire community. 
 Time to gather relevant tree benefits information (energy rates, stormwater 

costs, pollution control expenses, etc.). 
 Time to gather relevant tree costs information (planting, pruning, tree and 

stump removal, etc.). 

Average Costs 
 The cost of staff time to compile the relevant benefit and cost information will be variable depending on the level of expertise and 

experience with the i-Tree Streets application.  
 There are also variable costs if a sample or full inventory needs to be completed, or if the existing inventory needs to be updated so 

the data fields are compatible with i-Tree requirements. 
 Consulting fees (optional) to complete the i-Tree Streets analysis and prepare a report varies widely depending on the community’s 

ability to gather relevant information, the type (and quality) of inventory data, and the size of the defined inventory area. The cost 
can vary from $1,500-$10,000 per project depending on the depth of the analysis. 
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Expected Deliverables 
 An i-Tree Streets report should include the following: 

o Executive Summary 

o Background of information about the project area 

o Detailed information about calculated tree benefits 

o Detailed information about the reported costs associated with a community forestry program 

o A thorough explanation and interpretation of the calculated benefit-cost ratio and how it impacts the current and future urban 
forestry program. 

Using i-Tree Streets to Manage Exotic and Invasive Pests 
 This tool may be one of the most cost-effective approaches to managing invasive pests. An i-Tree Streets analysis provides a 

breakdown of tree benefits and costs by several categories including tree species, size, and condition. This can provide valuable 
information for determining protocols for invasive species treatments. Efforts for prevention and control of invasive pests can be 
focused on trees that provide the highest benefit-cost ratio. This fact-based, proactive decision-making approach allows the most 
effective use of existing budgets and will also provide a sound basis for increasing budgets to deal with invasive pests. 

 i-Tree Streets results are also highly effective in creating public relations campaigns. The values quantified are easy to understand 
and many successful educational campaigns have been implemented throughout the country using i-Tree generated results. 
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Urban Tree Canopy Analysis 

Description of Tool 
Urban tree canopy (UTC) is the layer of leaves, branches, and stems 
of trees that cover the ground when viewed from above. The tree 
canopy provides many benefits to a community including improving 
water quality, conserving energy, lowering surface temperatures, 
reducing air pollution, enhancing property values, providing wildlife 
habitat, facilitating social and educational opportunities, and 
providing aesthetic benefits. An analysis of an urban tree canopy 
involves the use of aerial imagery. The analysis of UTC can be 
described in terms of a large defined area such as a municipality, 
county, or region, or it can be a more focused project even 
determining tree canopy on an individual parcel basis.  

Steps for Completion 
Urban tree canopy imagery requires the use of specialists in geospatial 
imagery. The following steps should be considered for completing a UTC 
analysis: 

 Select a defined study area and the land use types for identification (e.g. 
tree canopy cover, impervious surfaces, agricultural land, open land, 
water). 

 Utilize existing GIS datasets to provide base maps of the selected area. 
 Multispectral imagery of the project area 5 years or less old, with 1 meter 

resolution or better is recommended.  If the image is not available, vendors 
can be contacted to purchase or acquire the imagery. 

 The imagery is analyzed and then combined with other GIS information to 
produce maps that indicate the location of tree canopy coverage.  
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Tools You Will Need 
 A qualified and experienced contractor or in-house GIS personnel is a must. This is a high-end technology that requires high levels of 

expertise. 

 GIS/aerial data including: multispectral imagery less than 5 years old with 1 meter or better resolution, remote sensing and GIS 
software, and ancillary GIS layers will help aid in the extraction and quality control analysis. 

 Municipal staff will need to spend time to provide available GIS data including base maps and existing standard aerial photography if a 
contractor is used for the project. 

Average Costs 
 The cost of in-house GIS and IT staff to perform the data analysis and quality checks are variable depending on the size of the study 

area. 

 The cost of staff time to work with the contractor and provide needed GIS data are usually minimal. 

 Consulting fees to complete a UTC imagery analysis vary widely depending on the size of the defined area, land use types to identify, 
and whether parcel based information is desired but typical fees are $100 to $400 per square mile, depending on desired accuracy.  

Expected Deliverables  
 Final products include UTC imagery and data files that can be used to develop maps of the location of tree canopy coverage and other 

land use types. (This includes, for example, ESRI ArcGIS® vector-based polygon shapefiles of the final tree canopy layers.) 

 A final report of the tree canopy cover and/or land use classification statistics is generally produced. 

Using UTCs to Manage Exotic and Invasive Pests 
 UTC analyses can be used to develop what is commonly referred to as a “Forest Opportunity Spectrum” (FOS) that provides a range of 

opportunities for urban forest management decisions. The FOS can identify areas where tree canopy can be considered adequate or in 
need of further enhancement. This can impact the creation of priority areas for preventing or controlling invasive pests.  

 Using UTC information in combination with HSI and other GIS data produces powerful graphic images and statistics that can assist 
community forest managers in designing appropriate and timely response plans and educational outreach programs. 

 UTC analyses can be used to gauge the long-term success of prevention and control of invasive pests by providing a base from which 
to compare future tree canopy coverage.   
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