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Preface
Urban Tree Risk Management: A Community Guide to Program Design and Implementation 
is a fully illustrated, easy to read training manual written for community leaders, 
administrators, city foresters, parks and public works staff, and private tree care 
practitioners. The manual is designed to assist communities design, adopt and implement 
tree risk management programs, and train field staff to detect, assess, and correct 
hazardous defects in urban trees.

A team of experts in urban forestry, plant pathology and forest health collaborated 
to produce this manual.  Consulting arborists, city foresters, and educators provided 
extensive review to ensure the information applies to communities of varying sizes and 
budgets. Examples of tree defects, risk rating systems, and species selection were chosen 
to depict tree species and conditions that occur in the Northeastern U.S.  

The manual is presented in a three-ring binder format to allow readers to add or update 
information, or to remove entire sections for use in the field.  The authors sincerely hope 
that readers will find this manual to be a useful resource to improve public safety and 
protect tree health by assisting them in the design and implementation of community 
tree risk management programs. 
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Introduction
By Joseph G. O’Brien

Individual trees may appear to be permanent fixtures of our environment. However, all 
trees, no matter how long-lived, will eventually collapse and decompose, leaving no trace 
that they ever existed. Trees die from myriad causes including disease, insect attack, drought, 
uprooting, and catastrophic stem failure in high winds, or from combinations of factors 
working together. Some trees die and later collapse as their stems and branches decay, and 
some begin to break up while they are still green. While any large tree poses a risk of failure 
in high winds, in situations where people and trees must live together in close proximity it is 
important to identify where a tree has become an unacceptable risk.

Many different kinds of professionals are interested in managing tree risk in communities. 
Community leaders and administrators; Forestry, Parks, or Public Works staff; and 
private tree care practitioners need reliable information concerning the identification and 
management of hazard trees. Until now, no single reference has been developed that provides 
sound, practical reference information for these professionals, and can also serve as a guide 
for training new staff in identification and management of hazard trees. 

This manual was designed to preserve public safety and improve the health of urban 
forests by assisting communities in the design, adoption, and implementation of a tree risk 
management program, and also to aid in training field staff to detect, assess, and correct 
hazardous defects in urban trees.

To begin a discussion of tree risk management, some definitions are offered to provide a basis 
for discussion. 

Hazard Tree: A tree that has structural defects in the roots, stem, or branches that may cause 
the tree or tree part to fail, where such failure may cause property damage or personal injury.

Tree Defects: Tree defects can be of two kinds: Injury or disease that seriously weakens the 
stems, roots, or branches of trees, predisposing them to fail or structural problems arising 
from poor tree architecture, including V-shaped crotches in stems and branches that lead to 
weak unions, shallow rooting habits, inherently brittle wood, etc.

The concept of tree risk management as a necessary community endeavor has evolved slowly 
since the early 1960s. The earliest publications concerning the problems of tree failure 
causing personal injury or property damage addressed the problems of recreation sites, where 
people camping in our nation’s campgrounds were exposed to the risk of sleeping under 
a canopy of trees with little protection should a branch or tree stem fail and land on their 
campsite. Willis Wagener, a U.S. Forest Service plant pathologist, at the end of his 40-year 
career wrote the first manual that comprehensively addressed the problem of tree hazards 
in recreation sites in 1963 (Wagener 1963). Wagener’s publication was followed by others 
that expanded and improved on this seminal work, including Accident Hazard: Evaluation 
and Control Decisions on Forested Recreation Sites (Paine 1971), Tree Hazards: Recognition and 
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Reduction in Recreation Areas (Johnson and James 1978 and revised Johnson 1981), Detection 
and Correction of Hazard Trees in Washington’s Recreation Areas (Mills and Russell 1981), and 
How to Assess and Correct Hazard Trees in Recreational Areas (Albers and Hayes 1993). 
While these publications provided a sound base of knowledge for tree risk management 
in recreation areas, it was not 1991 and the publication of A Photographic Guide to the 
Evaluation of Hazard Trees in Urban Areas (Matheny and Clark 1991) that a comprehensive 
manual was available for evaluating trees in an urban environment. Matheny and Clark’s 
manual, now in its second edition (Matheny and Clark 1994), provides the professional 
arborist with a very sound and complete knowledge of hazard tree identification and 
mitigation. The manual provides a tree evaluation form that is comprehensive, but time-
consuming, and is most suitable for the evaluation by professional arborists of individual 
trees that may be hazards.

The educational and reference materials available for hazard tree management deal mainly 
with the identification of defective trees, and although they can provide valuable insight 
and information regarding the biology of hazard trees, they do not provide a great deal of 
information on how or why to set up a tree risk management program. The Matheny and 
Clark publication is a resource valued by arborists for the inspection and documentation 
of small numbers of trees that may be hazardous, but the time involved in the inspection 
procedures would be prohibitively long for communities that need to track thousands of trees 
for risk.

Missing from the currently available manuals and books on tree risk management and hazard 
tree identification is a resource that is helpful for communities interested in establishing or 
improving an existing tree risk management program, and providing a means for rapid and 
efficient assessment of tree risks. This manual attempts to address such needs by providing 
information concerning the requirements of a community tree risk management program, 
a stepwise process to establish a program, and tools and information for assessing trees for 
hazard.

Most street and park tree management plans or master street plans state the need to remove 
high risk or hazardous trees (standing dead or nearly dead trees) as a top priority, but stop 
there. This manual picks up where these plans leave off, and provides communities with a 
process to systematically detect, assess, prevent, and correct hazardous tree defects.

Tree risk management should be a prominently positioned component of a community 
forestry program. Tree risk management plans should complement a community’s overall 
street and park tree management program goals, and should be fully integrated with the tree 
planting, tree pruning and maintenance, and emergency response programs.

Content synopsis:
Chapter 1 of this manual introduces the concept of tree risk management including a 
discussion of the levels of risk posed by trees with various defects. This chapter also explains 
the importance of having a tree risk management plan, including the need for a formal 
process for addressing tree risk management at the community level, and the need for a 
policy that addresses the risks posed by street trees. 
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In Chapter 2, the key steps to planning and designing a tree risk management program are 
outlined, including a comprehensive guide to customizing a program to address the specific 
needs of a unique community, establishing the goals of the program, formulating and 
implementing tree risk management strategies, and evaluating the program’s effectiveness. 

Chapter 3 begins a series of chapters that provide details on how to assess, prevent, and 
correct trees that may be hazardous. Chapter 3 provides a detailed examination of tree defects 
that can create hazards, and the methods used for assessing trees for hazard potential. The 
chapter also provides information on tools that can be used to assist staff workers responsible 
for tree risk assessment, and provides examples of two evaluation forms and systems that can 
be used to document tree inspections.  Examples of tree defects and risk forms and systems 
were selected to depict tree species and conditions that occur in the Northeastern U.S.

In Chapter 4, sound practices are described that will help to prevent the development of 
hazard trees and thus avoid the need to remove large numbers of trees because they become 
hazards. The methods described include designing a species-diverse, uneven-aged urban 
forest, matching tree species to site conditions, purchasing high quality nursery stock, 
implementing proper tree planting and pruning techniques, and protecting of trees from 
construction damage. 

Chapter 5 provides details on the corrective options available once a tree is determined to 
be an unacceptable hazard. The information provided will help communities to develop 
strategies to correct trees that become hazardous, and also provides information on how to 
convert dead and dying trees into desirable wildlife habitat, under certain circumstances.

This manual is provided in a three-ring binder format specifically to allow users to add or 
update information, or to remove entire sections for use in the field. In particular, chapter 3 
is designed to be used in the field to identify and assess hazardous tree defects. 

Author
Joseph G. O’Brien
Plant Pathologist
USDA Forest Service
State & Private Forestry, Northeastern Area
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sites. Tech. Rep. R2-1. Lakewood, CO: U. S. Department of Agriculture, Forest 
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4 - Introduction

Johnson, D. 1981. Tree hazards: Recognition and reduction in recreation sites. Tech. 
Rep. R2-1. Lakewood, CO: U. S. Department of Agriculture, Forest Service, Rocky 
Mountain Region. 17p. 

Matheny, N. P.; Clark, J. R. 1991. A photographic guide to the evaluation of hazard 
trees in urban areas. Urbana, IL: International Society of Arboriculture. 72 p.

Matheny, N. P.; Clark, J. R. 1994. A photographic guide to the evaluation of hazard 
trees in urban areas, 2nd edition. Urbana, IL: International Society of Arboriculture. 
85 p. 

Mills, L.; Russell, K. 1981. Detection and correction of hazard trees in Washington’s 
recreation areas. Report 42. Olympia, WA: Washington Department of Natural 
Resources. 37 p. 

Paine, L. 1971. Accident hazard: Evaluation and control decisions on forested 
recreation sites. Res. Pap. PSW-68. Berkeley, CA: U. S. Department of Agriculture, 
Forest Service, Pacific Southwest Forest and Range Experiment Station. 10 p.

Wagener, W. W. 1963. Judging hazard from native trees in California recreational 
areas: a guide for professional foresters. Res. Pap. PSW-P1. Berkeley, CA: U. S. 
Department of Agriculture, Forest Service, Southwest Forest and Range Experiment 
Station. 29 p.



Tree Risk Management - 5

Tree Risk Management
By Richard J. Hauer and Gary R. Johnson

Introduction
Risk management is a well-established concept 
in the management of public spaces. Acceptable 
levels of risk have been recognized or defined 
for most basic infrastructure elements such as 
sidewalks, curbs, streets, playgrounds, and utilities. 
In many communities, these elements are assessed 
and managed according to acceptable levels of 
risk that are specified within written policies or 
enacted through management practices. Although 
not all pot-holes can be immediately filled in, 
not all heaving sidewalks immediately repaired, 
not all burned-out street light bulbs immediately 
replaced, a successful risk management program 
provides a community with a systematic approach 
to implement corrective actions within a reasonable 
time frame.

An urban community consists of both the gray 
infrastructure (buildings, streets, utilities) and the 
green infrastructure  the urban forest. Although 
gray infrastructure has long been assessed and 
monitored for acceptable levels of risks, green 
infrastructure has for the most part not received 
the same subjective evaluations. The concept of 
considering or evaluating risks in the context of 
location and condition is less applied with the 
green infrastructure. Trees are labeled either as 
“hazardous” or not. “Weeds” are acceptable or not.

The urban forest is an integral part of a community’s infrastructure, and trees often dominate 
the landscape or at least are the most visible part of it. Urban trees contribute to increased 
quality of life for many communities and their residents. Most people prefer to live, recreate, 
and work in communities of healthy and well-maintained urban forests (Dwyer et al. 1989, 
Schroeder 1990, Dwyer et al. 1991). Considerable research documents that people not 
only prefer to recreate in well-maintained parks with trees, but are willing to pay extra for 
the privilege (Dwyer et al. 1989). Safety, or at least the perception of safety, is paramount if 
urban forests are to be used and enjoyed (Schroeder 1990).

Healthy trees and urban forests contribute to the overall value of property. As much as 10 to 
30 percent of residential property values can be assigned to the entire landscape that includes 
trees (CTLA 2000). There is also a significant difference between the appraised value of 

Trees contribute to 
increased quality of life in 
many communities. 

Some of the benefits of urban 
trees include (Roloff nd.):

• Energy savings from solar 
shading and barriers to wind,

• Rainfall interception and 
tempered release into surface 
waters,

• Increased usable life of those 
asphalt streets that are shaded,

• Reduced air pollution through 
leaf uptake of pollutants,

• Increased property values, 

• Positive effects on the 
psychological health of people,

 
• Less crime in treed areas, and

• Wildlife shelter and food 
(habitat).

CHAPTER 1 
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wooded parcels and divided lots that 
typically sell for more than undeveloped 
properties without trees. Homeowners 
regularly invest a significant amount of 
money in the maintenance of their own 
landscapes. Businesses and homebuyers 
are drawn to areas with healthy, well-
maintained urban forests, commonly 
describing those areas as more desirable to 
live in because they feel these areas appear 
more affluent, safer, and communicate a 
higher quality of life.

Trees also are one component of an urban infrastructure that appreciates in value. As 
trees grow, their monetary value increases and their ecological benefits (e.g., storm water 
management, shade and energy conservation, air pollution amelioration) increase. For 
example, in Chicago it was determined that it takes 9 to 18 years before a discounted 
benefit-cost ratio approaches 1 (McPherson 1994). When the benefit-cost ratio equals 1, 
the accumulated value that trees produce is equal to the costs of planting, establishment, 
and care. Thirty-year-old trees near homes were predicted through mathematical models 
to produce 3 times greater value than all costs involved over 30 years. That means if it cost 
$1,000 to plant and care for a tree over 30 
years, the gross value or benefit to society 
would be $3,000.

The value people place on their urban forest 
can be demonstrated following storms such 
as hurricanes, ice storms, and wind storms 
where significant tree damage and loss 
occurs. Residents often mention tree loss as 
one of the greatest impacts from storms. In 
fact, over 30 percent of residents indicated 
this following Hurricane Hugo in 1989 
(Dwyer et al. 1991).

Trees may also have negative impacts, for 
instance, messy fruits, allergenic properties, 
and infrastructure damage (e.g., damage to 
sidewalks). Trees or tree parts can fail and 
cause damage or personal injury, particularly 
during natural loading events such as wind, 
ice, and snow storms (Fig 1.1). The failure 
of limbs or entire trees, however, is often 
predictable, detectable, and preventable (Fig 
1.2-1.4). 

Figure 1.1 - Much of the catastrophic damage and tree 
loss that results from natural loading events is inevitable 
when structures and trees are placed in close proximity.

Figure 1.2 - Many conditions make trees susceptible to 
storm failures, including decay,  

Figure 1.3 - codominant leaders.
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Management of Tree Risk
Community managers have the 
responsibility to create and maintain 
a safe and useful urban forest for their 
constituents. Urban foresters need the 
training and expertise to recognize varying 
levels of risk, and to manage the forest at 
an acceptable level of risk. There have been 
significant advances in decay-detection 
equipment, and formulas and guidelines 
for assessing hazardous trees. Modern 
techniques and procedures can be used to 
minimize the risk of damage to property and personal injury associated with tree failure.

Tree risk management involves the process of inspecting and assessing trees for their potential 
to injure people or damage property. Traditionally the term “hazard” (or hazardous) has been 
used in the context of evaluating trees for their failure potential. To many people, “hazard” 
suggests trees at immediate risk for failure.  In this guide, “hazard” trees are defined as trees 
with structural defects that may cause the tree or tree part to fail, where such a failure may 
cause property damage or personal injury.  Trees will vary, ranging from low- to high-risk for 
failure and may require attention immediately or in the near future. The threshold of risk 
acceptable to liable parties is dependent upon their policies and objectives. Trees that surpass 
the level of acceptable risk are hazards from a programatic viewpoint.  An understanding of 
tree and forest biology is also an integral component of any tree risk management program.

The perception of safety or acceptable levels of risk is equally or sometimes more powerful 
than the reality of the condition of a tree and the situation that it is growing in. Community 
leaders, employees, and residents that do not have forestry backgrounds often make forestry 
decisions that are based on local politics, emotions, and perceptions of safety. In order to 
make objective, science-based decisions on the safety of trees and the urban forest, individual 
trees and site conditions need to be evaluated for the level of risk that they do  or do not 
 present. 

Liability and Risk
Community leaders and decision-makers must consider the perceived public liability for 
tree damage and injury claims. In the extreme, trees are excluded from public rights-of-way 
to minimize public exposure. In the risk management field this is called risk avoidance. In 
these cases the public benefits that trees provide, which usually outweigh the perceived costs, 
are not delivered to the community. Other communities postulate that tree populations can 
be managed to have zero risk. The leaders of communities in this case do understand the 
benefits that trees provide and reduce the overall potential urban forest value through their 
attempts to attain zero risk (which may not be possible). Attempts to attain zero risk often 
become costly over time, due to premature tree removals, more frequent tree replacements, 
and loss of benefits that mature trees provide.

Figure 1.4 - and root system dysfunctions.
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Low- to high-risk scenarios only arise when damage or injury can occur. People or property 
in proximity to a tree at risk for failure are targets. A target must be present for risk of injury 
or property damage to occur. The tree that loses a limb at a location where no property 
damage or personal injury could occur poses zero risk. In developed areas, the chance that 
there are zero-risk situations is low, due to common interactions among people, property, 
and trees. However, human interactions and the probability and level of risk potential vary 
greatly across the urban landscape. Areas with frequent human activity and higher-valued 
property present a greater risk potential than the center of a wooded area in a park. Strategies 
to reduce the risks trees pose to public safety include: 

• Moving the target

• Correcting the tree (pruning or cabling and bracing the defect)

• Converting the tree to a wildlife tree

• Closing the site

• Removing the tree

Communities that choose to manage tree risk through the development of a tree risk 
management plan can expect many benefits, including:

• Lower frequency and severity of accidents, damage, and injury

• Fewer expenditures for claims, and legal expenses

• Healthier, longer-lived trees

• Overtime, fewer tree removals annually.

Developing a Tree Risk Management Plan 
Managing tree risks involves the incorporation of a tree risk management plan into the 
overall urban forest management master program. The tree risk management plan should be 
fully integrated with tree planting and tree pruning programs, and share a common goal of 
promoting healthy and structurally sound trees. The plan should focus on the prevention and 
correction of high-risk tree defects, and provide a written, systematic procedure for inspecting 
and evaluating potentially hazardous trees, and implementing corrective treatments. Chapter 
2 provides comprehensive information on designing a tree risk management program.

The cost of the program should be weighed against the potential loss. Cost-benefit analysis 
can be used as a tool to evaluate the cost effectiveness of programs in relation to program 
costs and current and future benefits from healthier trees less prone to failure and costs 
associated with cleanup, repair, and reforestation.

The process of developing, implementing, and maintaining a tree risk management program 
is often a political process that is ideally designed to do what’s best for the community. The 
political process results from the interaction among the tree management professionals, 
citizens, and decision-makers such as city managers, city council, mayor, city attorney, and 
others. All of these stakeholders should be involved in the tree risk management program 
development. A mutually-developed policy encourages learning, understanding, and 
acceptance. 
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The policy needs to clearly articulate who does what, what methods will be used, and what 
resources are available (e.g., people, equipment, and dollars). The responsible agency needs 
to sign and support the policy. Personnel who administer the tree risk management program 
need to be supported in their assessments of trees and recommendations. Resources and 
training of personnel are vital. Conflicts with individuals affected by hazardous trees should 
be handled fairly. If necessary, procedures should be in place to allow the input of affected 
citizens. 

Reasonable Care and Safety
Communities have differing opinions and policies about who is responsible for the care of 
trees on and abutting public property. Some communities have left the care of public trees 
to the property owners whose land abuts the tree lawn. Trees within a parkway in front of a 
house are an example. The responsibility of care passed onto these property owners through 
either ordinance, policy, or inaction, under most cases probably does not absolve the public 
entity associated with the trees from liability if damage or injury occurs. Courts have upheld 
that the absence of a program to maintain trees does not absolve the responsibility to provide 
safety to others.

The concept of reasonable care of trees to provide public safety is often cited as a standard to 
follow with trees. Further, the scientific understanding of trees and how they grow and fail 
has increased dramatically in recent times, and thus the professional level of expected care 
has increased. Defining reasonable care, however, varies among towns and states and is often 
defined by lawyers and courts rather than those who understand trees. A proactive stance 
for a community would be to define what is reasonable, rather than letting it be defined by 
default, possibly by someone or a group that is not knowledgeable in the subject.

An ounce of prevention is worth a pound of cure. Healthy, sound, and sustainable tree 
populations require expenditures of resources. The paybacks, however, are healthier, 
longer-lived trees, fewer significant insect and disease problems, and minimized risks from 
failing trees. A tree risk management program, therefore, should be considered an integral 
component within a comprehensive, urban forest management program.

Developing a written policy is the beginning of defining reasonable care. Regularly scheduled 
tree inspections to assess potential and real problems (e.g., species, structural defects, 
size, location) within the tree population, and evaluation of management resources (e.g., 
personnel, seasonal activities, monetary resources) are the next steps. Given the current 
tree population and available resources, what can be done to reduce trees at risk for failure? 
Management strategies should be established that address high-risk trees on a priority basis, 
through either tree removal or corrective pruning of defective parts. Plans that meet these 
goals should be implemented through use of current resources, or the allocation of additional 
resources. 
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Summary
All trees have a varying level of risk for failure. On the extremes, trees rated as low in their 
risk for failure can fail during extreme windstorms, while highly defective trees and tree parts 
can fail during calm days. Trees vary in their level of risk for failure and trained people can 
best determine these risk ratings. The overall goal of a community tree risk management 
program is to reduce the risk for injury and damage to people and property to levels that are 
considered acceptable in accordance to city policies and practices. The remaining chapters 
will discus how to develop a tree risk management program, criteria important for assessing 
tree risks, ways to prevent and minimize future tree risks, and acceptable methods for 
correcting defects in trees. Initiating a tree risk management program is an important step 
in developing effective tree management programs, and community tree populations that 
maximize public benefits and minimize community liability.
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Community Tree Risk Management:
Program Planning and Design
By Jill D. Pokorny and Jana S. Albers 

Introduction
Most of us have witnessed the destruction 
a tree can cause when it falls and strikes 
a physical structure. We have all heard 
about cases of personal injury and 
death caused by a falling tree or branch. 
Without question, trees can become 
hazardous over time and come to pose 
significant risks to personal safety and 
property. A key issue facing communities 
is how to manage the urban forest, 
both from an ecological standpoint of 
promoting resource health, and from 
a public safety standpoint of ensuring 
reasonable care is being taken to manage 
the public safety risks associated with 
hazardous trees. The best way for a 
community to confront this issue is 
to develop a tree risk management 
program. The program should focus on 
the prevention and correction of hazardous tree defects, and provide a written, systematic 
procedure for inspecting and evaluating potentially hazardous trees. Tree risk management 
programs should be designed to complement a community’s overall street and park tree 
management program goals, and should be fully integrated with the planting, tree care 
maintenance, and emergency response programs (Fig 2.1). 

Historical Perspective
Gaining an historical perspective of how and when trees fail can provide key insights into the 
successful design of a tree risk management program. History documents that most trees fail 
during storm events, and every year countless storms rage through the United States. These 
storms and associated tree failures cause deaths and billions of dollars in property damage 
annually. Severe storms can also cripple community public service and emergency response 
systems. As destructive as these storms are, valuable lessons can be learned from them. Post-
storm surveys of damaged trees provide forensic evidence about tree failure patterns and 
structural defects that are commonly associated with tree failures. By knowing more about 
how and when trees fail, we can more accurately assess the degree of risk associated with 
specific tree defects, and make well founded tree risk management decisions. 

Post-storm surveys strongly demonstrate the value of investing community resources to 
prevent the formation of structural defects through proper tree planting and pruning 

CHAPTER 2 

Figure 2.1 - Tree risk management should be fully 
integrated with the tree planting, tree pruning and 
maintenance, and emergency response programs.
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practices, and to inspect trees on a regular basis to 
detect, assess, and correct hazardous tree defects before 
they cause tree failures. Aerial and ground examination 
of trees damaged by Hurricane Andrew (Florida 
1992) revealed that inappropriate species composition 
and improper planting and maintenance practices 
in urban and suburban areas resulted in extensive 
and unnecessary tree losses and associated property 
damage (Dempsey 1994). Field observations following 
the January 1998 ice storms that struck northern 
New England, New York, and eastern Canada noted 
that branch breakage and overall tree damage was 
much less on trees that were well pruned and well 
maintained. Johnson and co-workers (1999) found 
that 84 percent of the trees damaged during high wind 
storm events had pre-existing defects that resulted in 
tree and branch failures. They found that most of the 
pre-existing defects that contributed to tree or branch 
failure could have been prevented through proper tree 
planting (Fig 2.2) and pruning practices (Fig 2.3), and 
could have been detected and corrected if the trees had 
been inspected for the presence of hazardous defects 
(Fig 2.4).

Although storms are commonplace, and the risks 
trees pose to public safety are often high, many 
communities operate under a mode of crisis management when it comes to tree care 
maintenance and correcting/removing trees with hazardous defects. Information from many 
U.S. cities shows that the cost per unit of maintenance is generally twice as high with crisis 

Figure 2.2 - Planting trees too deeply is a primary cause 
of lower stem decay and subsequent failure. Note there is 
no root collar flare visible at the base of the trunk. Properly 
planting this tree so the root collar was level with the soil 
surface could have prevented this stem failure. 

Figure 2.3 - Weak branch unions and the 
presence of included bark (darkened stem 
tissue where the old branch union existed) 
are leading causes of branch failures. Early 
formative pruning could have prevented 
this branch failure.

Figure 2.4 - Regularly scheduled tree risk 
inspections are a valuable tool to detect, 
assess, and correct hazardous defects, before 
the tree fails.
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management than it is when 
maintenance is performed on a 
scheduled or programmed basis 
(World Forestry Center 1993). 
Few communities are adequately 
prepared to deal with the prospects 
of removing and storing tons of 
tree debris, surveying remaining 
trees for hazardous defects, and 
implementing corrective tree care 
treatments. In addition to higher 
maintenance costs, relying on crisis 
management may lead to injuries or 
deaths caused by falling hazardous 
trees or branches, and result in 
huge litigation costs. 

Lessons Learned
History teaches us that properly 
maintained trees develop fewer 
hazardous defects and pose less 
risk to public safety. Communities 
can avoid crisis management and 
establish tree risk management 
plans that are designed to prevent 
and correct structural tree defects, 
before they become hazardous. 
This management approach 
requires community leaders and 
residents to recognize that tree risk 
management is an issue critical 
to public safety, and similar in 
importance to other essential 
public services such as traffic light 
maintenance, roadway construction 
and repairs, sewage disposal, and 
clean and abundant drinking 
water. It requires communities 
to view tree risk management as 
an investment that can literally 
save lives (Fig 2.5), and reduce 
the catastrophic impacts of future 
storms on community budgets (Fig 
2.6) and the health of the urban 
forest (Fig 2.7). 

Figure 2.5 - This vehicle was injured by the fallen tree in the 
background. Note the presence of included bark on the tree’s stem 
(darkened stem tissue where the old branch union existed) that led 
to the branch failure.

Figure 2.6 - After major storm events, many trees must be 
removed, replacement trees planted, and extensive sidewalk 
reconstruction is often necessary.

Figure 2.7 - Major stem or limb failures cause large wounds that 
result in poor tree architecture and predispose trees to wood decay.
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Most street and park tree management plans or master street plans state the need to remove 
high-risk or hazardous trees (standing dead or nearly dead trees) as a top priority, but fail to 
identify a process to systematically detect, assess, and correct hazardous defects in trees. A 
tree risk management program fills this information gap and provides the community with a 
systematic approach to accurately identify moderate to high-risk trees, and initiate the timely 
removal or corrective treatment of hazardous trees. A tree risk management plan integrating 
sound tree planting and tree care maintenance practices, regularly scheduled tree inspections, 
and the timely implementation of corrective maintenance actions will prevent or correct 
many structural defects, before the trees become hazardous to public safety.

A tree risk management plan fills this information gap and provides the 
community with a systematic approach to accurately identify moderate to high-
risk trees, and initiate the timely removal or corrective treatment of hazardous trees

A tree risk management program should complement a community’s emergency response 
plan by increasing the community’s level of storm preparedness and its ability to respond 
rapidly to a natural disaster. Most communities have some sort of plan for responding to 
emergencies and for taking immediate action to address life-threatening situations and to 
clear away debris and downed trees that block emergency access routes and medical facilities. 
However, few communities are prepared to conduct post-storm surveys to assess the extent 
of damage to the remaining tree population, and to effectively manage the public safety risks 
associated with highly hazardous trees in need of immediate removal or corrective pruning. 
Post-storm tree damage surveys should be a top priority after a major storm, and should 
be conducted by staff or contractors trained in tree damage assessment and risk evaluation 
methods. Authors of various crisis management texts stress the paramount importance 
of having emergency response teams in place and trained before a crisis hits. If a tree risk 
management program exists, the community will have a tree risk evaluation system in place, 
and a ready source of trained staff or contractors to conduct post-storm tree damage and risk 
surveys.

This chapter will outline a process that communities can use to design a comprehensive 
tree risk management program for trees located on public property. We will discuss how to 
customize the program to address specific needs and fiscal resources within the community, 
establish program goals, formulate and implement tree risk management strategies, and 
evaluate program effectiveness. We will follow the basic format of a planning model 
suggested by the International Society of Arboriculture (ISA), with proven success in the 
development of effective urban forest management plans and programs. This planning model 
poses four core questions and identifies key steps to address the core questions. We modified 
the model by adding three steps that are specific to the subject area of tree risk management. 
The modified planning model is as follows: 
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Tree Risk Management Program Planning and Design:
A Ten Step Approach

What Do You Have?

 Step 1. Assess the tree resource

 Step 2. Review current tree management practices

 Step 3. Assess fiscal and human resources available to manage the tree resource

What Do You Want?

 Step 4. Identify program goals

How Do You Get What You Want?

 Step 5. Formulate a tree risk management strategy

 Step 6. Prioritize inspection and corrective action needs

 Step 7. Select a tree risk rating system

 Step 8. Write a comprehensive tree risk management program policy

 Step 9. Implement a tree risk management strategy

Are You Getting What You Want?

Step 10. Evaluate and revise

What Do You Have?
Step 1. Assess the Tree Resource 

Recently collected tree resource data is essential for the development of a realistic 
and useful tree risk management plan. Baseline information on general tree location, 
species, size class, and condition (percent canopy dieback); maintenance needs; and 
available planting sites is needed to provide a snapshot of the current condition of 
the tree population and to identify key public safety issues and tree maintenance 
needs. This information supplies a framework for developing a successful tree risk 
management strategy that is tailored to the specific resource needs of the community, 
and provides a basis for estimating program costs and developing budget requests. 

A complete tree inventory provides the most accurate data. However, a complete 
tree inventory is not necessary to collect the baseline data needed for this step, and 
the high cost of conducting one can be avoided. A partial inventory that surveys a 
representative sample of the total tree population can quickly and accurately provide 
an estimate of the total number of trees, species composition, and size and condition 
classes of an urban street population (Jaenson et al. 1992). A partial inventory offers 
communities with limited budgets a practical and cost-effective method to assess tree 
resources. 

Identify tree maintenance needs and costs. Compiling and analyzing tree 
inventory data provides a mechanism to identify tree maintenance needs such as 
tree removals, pruning, and replanting, and to determine costs associated with 
implementing needed tree maintenance practices. Corrective tree maintenance needs 
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can be estimated from tree inventory data based on the percentage of trees in need 
of removal or pruning, and the number of available planting sites. The total cost for 
the community tree population can be projected by establishing an average cost per 
tree for each maintenance action, and multiplying that cost by the number of trees 
needing each maintenance action. 

Obtaining accurate cost estimates can be difficult because the average unit cost for 
each maintenance practice can vary significantly within a geographic region, due 
to local differences in the cost of materials, labor and equipment, staff training, 
and overhead administrative expenses. Also, individual tree and site characteristics 
must be factored into the cost of planting, pruning, or removing trees. For example, 
proximity to electric wires, buildings, and sidewalks; moderate to high traffic 
volumes that require additional workers; and the presence of major decay within 
the tree are all factors that make pruning or felling operations more difficult, time 
consuming, and expensive. 

The best way to estimate program costs is to use cost figures that are representative 
for your specific locality and program. If your community has a tree planting and 
maintenance program in place, break down program costs into major program areas 
such as planting, pruning, and removals, and look at the average cost per tree for 
each maintenance task over an extended period of time. If a community lacks the 
ability to track tree maintenance costs, does not have a tree planting or maintenance 
program in place, or is considering the option to subcontract tree maintenance work, 
the best guide will be to solicit bid prices from at least three local contractors for each 
maintenance task, and use the median bid price. Contacting nearby communities 
that have tree care programs and similar population size may also provide valuable 
information on tree planting and 
maintenance costs that are representative 
for your local area.

Identify tree removal and disposal 
costs. The percentage of total trees 
surveyed with extensive or total canopy 
dieback provides an estimate of the 
number of very high-risk trees that need 
to be removed (Fig 2.8). Tree removal 
is typically the most expensive tree 
maintenance operation on a per tree 
basis. Costs are based on tree diameter 
and size, tree density, accessibility factors 
such as proximity to overhead utility 
wires, sidewalks, and buildings, and high 
roadway traffic volume levels. Factor 
costs associated with stump removal and 
wood waste disposal into the budget. 
Explore opportunities to sell the wood to 
offset removal and clean-up costs. Recent 
publications provide useful information 
on successful community wood waste 
disposal programs (Bratkovich 2001), and 
guidelines for marketing sawlogs from 
street tree removal and municipalities 
(Cesa et al. 1994). 

Figure 2.8. This tree has extensive crown 
dieback, with decayed and broken major limbs. 
It is a high-risk tree that should be removed. 
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Managers can identify high risk, problematic tree species by reviewing the percentage 
of total trees surveyed with extensive or total canopy dieback, broken down by tree 
species and diameter. Identify high-risk problem species within the tree population, 
and conduct more frequent risk inspections in areas of the community where 
problem species occur in high densities. 

Identify pruning needs and costs. Tree inventory data that includes recommended 
maintenance actions provide an estimate of the number of trees in need of corrective 
pruning. Pruning costs are based on tree age and size, tree density, and accessibility 
factors such as proximity to overhead wires, sidewalks, buildings, and high roadway 
traffic volume levels. A comprehensive tree risk management plan includes an 
assessment of pruning needs, including therapeutic pruning to correct existing 
structural defects and maintenance pruning to prevent the formation of structural 
defects. Estimated pruning costs can be viewed as a shared cost between a tree risk 
management program and a tree planting and pruning program.

Identify planting needs and costs. The number and location of trees to be 
planted within the community can be determined from the tree inventory data, if 
information on vacant planting sites was collected. Include planting sites that will 
become available as other trees are removed. The average purchase cost per tree is 
dependant on species, caliper, and nursery stock type (balled-and-burlapped, bare-
root, or container-grown), and on an average planting cost (dependent on materials, 
equipment and labor costs). When estimating total planting costs, it is common 
practice to multiply the nursery purchase cost by a factor of three (Petitjean 1997).

Generating quantitative data on tree maintenance needs will lend credibility to budget 
requests and garner public support. For example, if you know there are 40 trees 
within the community that are high-risk trees in need of immediate removal, there is 
compelling evidence that a tree risk management program should be established to 
increase public safety and potentially save lives. Stressing the public safety aspects of tree 
risk management can help elevate its importance to the level of other essential public 
health services such as such as traffic light maintenance, roadway construction and 
repairs, sewage disposal, and clean and abundant drinking water.

Determine the value of the urban forest resource. Knowing the economic value of 
the urban forest can be useful as a leveraging tool to obtain funding for programs and 
departments responsible for community tree care. Municipal forestry programs compete 
for funding with community services such law enforcement and fire protection, and the 
development and maintenance of roads, sewers, and street lights. Most communities 
document the monetary value of these public services, and elected officials are kept 
aware of what it costs to maintain the value of these services and improvements. In a 
similar fashion, the forestry department should document the monetary value of the 
urban forest, and inform the public and elected officials about the costs required to 
maintain its value and benefits. For example, when tree maintenance costs, including 
periodic inspections of trees to detect hazardous defects, are shown as a percentage of the 
monetary value of the urban forest, the cost of tree maintenance will compare favorably 
with other public safety costs such as maintaining emergency access routes and roadways, 
traffic lights, and sewage systems. Over time, properly maintained trees grow in value, 
while most other urban assets decline in value. 
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The most widely used method to assess the value of individual trees is a system 
developed by the Council of Tree and Landscape Appraisers (CTLA), described in 
their handbook entitled Guide for Plant Appraisal (CTLA 2000). Copies of this 
handbook may be obtained by contacting the International Society of Arboriculture, 
PO Box 3129, Champaign, IL 61826-3129. The CTLA appraisal method involves 
the establishment of a base value for a landscape tree, as determined by local tree 
replacement cost figures. The base value is a maximum value and is modified by 
multiplying by percentage factors for tree species, condition, and location. This 
system relies on the following formula to compute tree values as follows:

Tree Value = Base Value x Species Classification (%) x Condition (%) x Location (%)

This method can be used to establish the value of more than one tree, making 
it useful for determining the collective value of a community’s urban forest. For 
collective value, the value of the average tree within the community tree population 
is calculated rather than the value of every individual tree. Based on tree inventory 
data and the total number trees surveyed, the average size (d.b.h.) replacement tree 
is determined, and an average rating value for tree species, condition, and location is 
calculated. These average values are then plugged into the formula above to calculate 
the average tree value. The value of the average tree is multiplied by the total number 
of trees inventoried, resulting in a total value for the urban forest (Petijean 1997).
 

Step 2. Review Current Tree Management Practices 
The next step is to review current tree planting, pruning, and removal practices, and any 
formal documents that affect tree care such as street and park tree management plans, 
emergency response plans, or tree ordinances. Identify common goals that exist between 
programs, plans, or ordinances, particularly as they relate to promoting tree health and 
increasing public safety. Explore ways to integrate efforts, strengthen effectiveness, and 
leverage community support and funding. Eliminate duplication of efforts between 
municipal departments, public utilities, and private contractors whenever possible. 
This coordinated approach to tree risk management can eliminate duplication of 
efforts between community tree planting and pruning programs. For example, as 
part of regularly scheduled, systematic tree risk inspections, tree inventory data can 
be collected along with tree risk data, and the need to conduct separate, periodic 
tree inventory assessments can be eliminated. A small crew of individuals can 
be trained to conduct tree risk inspections and collect tree inventory data. Data 
relating to tree removals, pruning needs, and available planting sites can be shared 
with the tree planting and pruning programs to direct and schedule the activities 
of the tree planting and pruning work crews. Empower pruning crews to report 
the location of all high-risk trees detected in the course of performing their daily 
work to the tree risk management program. Give these “high-risk tree reports” high 
priority, and implement corrective actions promptly. This integrated approach to 
tree risk management provides the community with a way to continuously update 
tree inventory data, eliminate the need to conduct separate, periodic tree inventory 
assessments as part of the tree planting or pruning programs, and share tree resource 
information between the tree planting, pruning, and risk management programs to 
facilitate more effective scheduling of work crews.

Step 3. Assess Fiscal and Human Resources Available to Manage the Tree Resource
After the tree resource is assessed and corrective tree maintenance costs are estimated, 
review the community tree care budget to see how these costs compare with the fiscal 
and human resources currently available to manage the tree resource. Compare the 
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number of trees that are removed, pruned, and planted annually to the estimated 
number of trees that need to be removed, pruned, or planted as identified in the tree 
inventory survey. Determine the difference on an annual basis. Calculate cost projections 
for the maintenance work needed, but not currently completed, based on the average 
cost per tree for removal, pruning, and planting as discussed in Step 1. These costs reflect 
“new” or additional funding that is needed to implement corrective tree maintenance 
treatments, and should be included in budget requests. 

In addition to estimating the cost of implementing corrective tree maintenance 
treatments, factor in the cost of conducting regularly scheduled tree risk inspections. The 
amount of time required to conduct tree risk inspections will depend on which tree risk 
rating system the community selects to implement. Step 7 summarizes information on 
the amount of time needed to conduct individual tree risk assessments for tree risk rating 
systems that are designed for use in urban areas and currently published in the United 
States. A small crew can be trained to conduct tree risk inspections. Many communities 
opt to cross-train existing tree pruning or tree planting staff, and share costs between 
programs. This can be a very effective way to reduce program costs and fully utilize the 
skills of existing staff. 

For most communities, limited budgets and personnel will require that the tree risk 
inspections and maintenance tasks be implemented or phased in over a period of 
years. Prioritize tree maintenance needs, identifying those that are most critical and 
those that can be delayed with minimal impact on the public safety and tree health. 
A process to prioritize tree maintenance needs and develop cyclic tree inspection and 
implementation schedules is discussed in Step 6. 

What Do You Want?
Step 4. Identify Program Goals

Establish a broad-based municipal working group to develop a community tree 
risk management plan. The working group should be in place and active during 
the entire program design process. It should bring to the table all groups that are 
currently involved and those that should be involved with the management of the 
community’s urban forest, public safety, and emergency services. Be inclusive rather 
than exclusive as you establish the membership list for this working group. A tree risk 
management working group will typically consist of: 

• City Forester or tree warden

• Representatives from municipal departments such as public works, parks 
and recreation, transportation, fire/police/emergency services, planning and 
zoning, engineering, and the county attorney’s office, county commissioner’s 
office, and the mayor’s office

• Tree service providers

• Public utility providers

• Private citizens

• Media contact
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Cabling and bracing has extended the life of 
many trees and reduced the risk from failure to an 
acceptable level. But the design and installation 
of a proper system of cabling and bracing requires 
professional judgment and experience. When 
hiring an arborist to install a cabling and bracing 
system, look for an experienced arborist who has 
observed tree failures and worked in trees that 
have been saved by proper cabling and bracing 
systems.

Cabling and Bracing Defined
Cabling and bracing is the practice of adding a 
support system to a tree to reduce the stress on 
weak branch unions. Many trees have acute, V-
shaped branch unions that form included bark. 
Included bark acts as a wedge that weakens and 
separates branch unions that join at too sharp an 
angle. A similar situation occurs when two equal-
sized stems form off the main bole of a tree after 
the loss of the main leader. The bark of the two 
stems push against each other and the two leaders 
do not have a strong connection to the main bole 
(Fig 5.11). As the tree grows, these structural 

defects can lead to failure of one of the two stems. Adding properly installed cabling 
and bracing will reduce the strain on the branch union, and extend the life of the 
tree. 

Cabling and bracing can also be 
used to correct trees with poor 
architecture. Typically, as trees 
grow, the trunks and limbs taper 
toward the ends. This tapering 
reduces the strain on the higher 
and outer limbs in the tree. If 
limbs and trunks do not taper, a 
large amount of leverage acts on 
the point of attachment where the 
branch meets the stem, which can 
lead to failure. Improper pruning 
can also place strain on branch 
unions. The inner branches of 
some trees have been removed 
because of the mistaken belief that 
such hyper-thinning eliminates the possibility of wind failure. Actually, by removing 
these inner branches, the tree will put on more length and less bulk in its limbs. This 
leads to the condition referred to as “lion’s tailing.” Because the limbs are long and 
thin, but still maintain a full complement of foliage, the limbs will whip severely and 
possibly fail, instead of swaying naturally. 

Figure 5.11.  The through bolt was installed to add 
support to a weakened codominant branch.

Figure 5.10.  H.M.S. Victory, the flag 
ship of Vice-Admiral Lord Nelson at 
the Battle of Trafalgar, illustrating the 
use of flexible and rigid braces between 
masts and spars. 
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Analysis of Tree Condition. There are many considerations that must be addressed 
before a cabling and bracing system is installed in a tree. The tree may have a 
high value in a particular landscape, or it might be a historic or unique specimen. 
Before investing in a cabling and bracing system, the cost of installation and future 
maintenance must be balanced against the risk of failure and possible loss of aesthetic 
value during the tree’s extended life. 

Carefully assess the tree to determine if it is a reasonable candidate for the investment 
in cabling and bracing. Consider the whole tree during this assessment. The roots 
must be strong enough to support the tree. If there is decay in the main trunk or 
branches, factor that information into the decision to remove or save the tree. If the 
tree has cracked already, the arborist must know how well the tree species in question 
is able to compartmentalize decay. Some trees can isolate decay better than others. 
The outcome of a decision to apply a cabling and bracing procedure to a white oak 
(Quercus alba) may be completely different than if the tree in question is a basswood. 
Remember that cabling and bracing does not repair a tree. Cabling will add a level of 
security and risk reduction, and can help to affect the direction of failure if a branch 
should fail. When designed properly and installed by a trained arborist, proper use of 
cabling and bracing will extend the life of a tree and reduce the risk to an acceptable 
level. 

If the decision is made to use cabling and bracing to extend the life of a tree, it must be 
understood that such treatments are temporary. Give consideration to planting a younger 
tree or trees to be used as replacements if the cabled and braced tree is removed. 

Some trees will benefit from having weight removed from the branches before the 
installation of cabling and bracing hardware. Therefore, do all necessary pruning before 
the tree is cabled. Remember, removing major lateral limbs creates large wounds that can 
lead to extensive decay on the main bole of the tree. If weight reduction is determined 
to be necessary, a slight crown reduction by using proper thinning cuts in the crown 
is the safest course of action. The possible harm from over-pruning a tree to remove a 
significant amount of weight must also be recognized. Most trees will need only routine 
pruning to remove dead limbs and other material in accordance with accepted pruning 
standards as discussed in Chapter 4. 

Inspection Schedule. Once a tree has been cabled and braced it is necessary to inspect 
the tree on a routine schedule. The size, age, site, and risk potential of the tree will 
determine the inspection schedule. However, no cabling or bracing installation should 
ever go more than two years without inspection, and annual inspections are a good idea. 
Some inspections can be done from the ground. Binoculars can be used to make a more 
thorough inspection of the tree without having to climb it, or use an aerial lift to inspect 
the crown. As time passes, it will be necessary to have an arborist inspect the anchor 
points and any changes in the tree’s growth from within the tree. There may come a time 
when a new cabling and bracing system will be necessary. Again, this assessment will 
need to be done by an experienced arborist following the same procedures as in the first 
installation. 

As the tree grows taller, the time will come when a new system should be added, 
higher in the tree. Do not remove the old, lower system before the new system is 
completed. Do not attempt to remove old hardware imbedded in the tree. That will 
unacceptably damage the tree. Cut such hardware flush and leave it in place. 
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The Wye Oak:
A case study of corrective actions 
including cabling and bracing

The Wye Oak was recognized as 
America’s largest white oak for more 
than 60 years. Located in the village 
of Wye Mills on the Eastern Shore of 
Maryland, the Wye Oak was 96 feet tall 
with a crown spread of 119 feet and a bole 
circumference, at 4.5 feet above ground, 
of more than 31 feet (Fig 5.12). It has been 
estimated that the acorn that gave rise 
to this tree germinated around the year 
1540. The Wye Oak was one of only two 
National Champion trees that remained on 
the American Forestry Association’s list 
of champions since the list’s inception in 
1940. What enabled this tree to survive for 
more than 460 years, despite injuries and 
defects, was a conscientious effort on the 
part of managers to preserve the tree with 
corrective treatments, including application 
of fertilizer and insecticides, pruning, and 
cabling and bracing.

The Wye Oak was the focal point for 
the four-acre Wye Oak State Park, 
established in 1939. At the time the park 
was established, the tree had marked 
buttressing at its base (Fig 5.13). The 
most common theory is that in the past, 
riders tied their horses to the tree while 
visiting nearby stores or taverns, and 
that damage caused by these actions 
resulted in the malformations. Also, 
the inner portion of the lower trunk had 
been severely decayed to a height of 
eight feet. While today’s arborists would 
never recommend filling a tree cavity 
with concrete or any other rigid material, 
filling cavities was an accepted practice 
in the past, and at some time, the bole 
cavity in the Wye Oak was partially filled 
with concrete. The lowermost piece of the 
concrete filler can be seen in Figure 5.14. 
Cavity filling treatments like this one do 
not delay the decay process in the tree, 
do not make the tree less likely to fail, and 
can considerably complicate the removal 

Figure 5.12.  The Wye Oak, formerly known as the 
largest white oak in the United States. It was located 
in the village of Wye Mills, MD and was estimated to 
be 460 years old. Deeded to the state of Maryland on 
September 20,1939 and made into a State Park. The 
end for this urban monarch came when a thunderstorm 
on June 6, 2002 felled the tree. 

Figure 5.13.  Buttressing knees were present on the 
Wye Oak. The most likely theory of their origin is 
that horses tied to it while their riders visited a nearby 
store or tavern, damaged the tree, and initiated the 
malformations.
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process. The tree has been fertilized annually, and 
treated with insecticide if gypsy moth or other insect 
damage was predicted.

By the 1980s, the tree was in the declining phase of 
its life. In 1984, a large limb, weighing more than 35 
tons, fell from the tree. Many more equally massive 
limbs were losing the mechanical flexibility needed 
to withstand the stress loading placed upon them 
by wind. For this reason, the tree received frequent 
pruning to remove dead limbs and excessive new 
growth that would produce wind resistance. In the 
1950’s the State Park began using cabling and 
bracing to support the old tree. More than 100 load-
sharing cables intertwined throughout the crown. 
The cables had a combined length of more than 
3,500 feet (Fig 5.15). As can be seen in Figure 5.16, 
in a leaf-off setting, the cables had some slack in 
them. Once the tree came into full leaf, these cables 
would be taut. Each cable was equipped with an 
adjustable turnbuckle that was checked every two 
years. 

The addition of this amount of metal cable into the 
crown of the tree increased the risk of a lightning 
strike. For this reason, four highly conductive, 
braided copper leads were grounded on each of four 
sides of the tree. Every cable in the tree was joined 
to every other cable by short braided copper jumper 
cables. Despite being an open grown tree and 
having a significant amount of metal in its crown the tree 
was never been damaged by lightning.

In addition to the actions described above, the state of 
Maryland worked to mitigate the increased liability this 
large old tree and the addition of hardware in the tree 
created. A fence was erected around the tree (Fig 5.17). 
This fence effectively moved the target (the public) away 
from the tree, eliminating the risk of damage caused by 
a falling 35-ton (or heavier) limb. While people could not 
walk under the dripline of the tree, they could still use the 
area outside the fence for viewing the tree close up. All 
major limbs had been trimmed back to the fence line.

While the cables might not have held up a limb if it failed, 
they would influence the direction the limb fell in, swinging 
the failing limb inside the fence line. As an added benefit, 
the fence protected the roots of the tree from being 
trampled. 

Figure 5. 15.  Looking up into the crown 
of the Wye Oak, some of the over 100 load-
sharing cables could be seen. The cables have a 
combined length of over 3,500 feet.

Figure 5. 16.  In this leaf-off view, 
some slack can be seen in the cables 
due to the reduced weight of the 
branches.

Figure 5.14.  Cavity treatments do not delay 
the decay process in the tree, do not make the 
tree less likely to fail, and can considerably 
complicate the removal process when it is 
finally time to take the tree down.
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Liabilities. Cabling and bracing is a practice that, when properly applied, can extend 
the life of a tree. In addition, cabling and bracing can reduce the potential for failure 
to an acceptable level. Once a tree comes under an arborist’s care, the arborist is 
obligated to follow accepted trade practices. During the inspection, the arborist may 
determine that the removal of part of the tree is a better option than cabling and 
bracing. Care must be exercised in this case since the removal of large portions of the 
tree can lead to conditions that could lead to tree failure. If the risk of failure is too 
high, then removal of the tree may be the best option.

Since cabling and bracing has a long history of use and is an accepted, standard 
practice, the concern for additional liability should be little different than if the tree 
were being pruned. However, correction of defects by cabling and bracing requires 
additional inspection and maintenance that must be performed regularly to ensure 
the integrity of the procedure. Failure to perform regular inspections, and to correct 
any problems that may arise, may indicate negligence. Choosing not to install a 
cabling and bracing system because of a fear of liability is not a good decision. The 
best procedure is to follow a plan that reduces the risk of failure to an acceptable 
level.

What eventually felled this giant tree was fungal 
decay. For decades, possibly centuries, fungi had 
been recycling the heartwood of the Wye Oak. For 
several years, it was known that brown cubical butt rot 
fungus (Laetiporus sulphureus, previously known as 
Polyporus sulpureus) was attacking the root crown of 
the tree. What was not fully appreciated was the extent 
to which the sapwood had decayed. On June 6, 2002, 
a thunderstorm felled the giant tree. After the Wye Oak 
fell, park employees discovered the tree was hollowed 
to about 10 feet and the cavity was about eight feet 
across. In addition, there was a shell thickness of only 
2 to 4 inches on a radius of more than 15 feet. As 
described in Chapter 3, the shell thickness guidelines 
for this tree would have required a 60-inch shell 
thickness. What is even more amazing than the fact 
that the tree was standing at all, is the fact that when it 
died, it was bearing a maturing crop of acorns. Thus, a 
2- to 4-inch shell of functional sapwood was sufficient to 
maintain but not structurally support its crown.

When the thunderstorm of June 6, 2002 felled the tree 
it imploded upon its butt shell, the main stem falling 
straight down into the void above the partial concrete 
filling, and then toppled over into the street. That 

the tree was standing at all is a testimony to how well it had been cabled and braced. The 
judicious use of pruning and heavy application of cabling and bracing extended the useable 
life of this historic and culturally significant urban tree to more than 460 years. However, 
urban trees are not immortal and even the largest of them eventually succumb to wood decay 
fungi if not to an accident or to the accumulation of a lifetime of injuries. 

Figure 5.17.  All major limbs of the Wye 
Oak were trimmed back to the fence line. 
Should a limb fail, the cables might not 
hold it up; they would, however, influence 
the direction of its fall and swing the 
failing limb inside the fence line.
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Converting Hazardous Trees Into Wildlife Trees
Although tree risk management often involves the complete removal of dead or dying 
trees, some defective trees can be treated to reduce the threat to human life and property 
to an acceptable level, while leaving a portion of the tree intact to provide wildlife 
habitat. This approach has been coined converting board feet into bird feet (Ostry and 
Nicholls 1998). Several techniques exist for converting hazardous trees into good wildlife 
habitat in a safe and environmentally responsible fashion. These techniques ensure that if 
a tree falls (or when it falls) there are no targets within striking range. 

Not all defective trees are good candidates for providing wildlife habitat, nor can all good 
candidates be safely converted to wildlife trees. For example, converting hazardous trees 
into wildlife trees is not recommended for street trees, and should be reserved for use in 
parks and natural areas. We will describe the wildlife cycle of a tree, and discuss criteria 
to determine if a tree can be safely converted into a wildlife tree. We will introduce a 
decision-modeling tool that provides a logical approach to deciding whether to convert a 
defective tree into a wildlife habitat tree.

Communities often overlook the environmental benefits that a tree risk management 
program can provide, especially as it relates to creating wildlife habitat. A community 
tree risk management program that helps to create wildlife habitat will nurture public 
interest in the program. People value a variety of wildlife in and around the places where 
they live and work, from inner city to rural communities. The 1996 National Survey of 
Fishing, Hunting and Wildlife-Associated Recreation reports that 62.9 million people 
intentionally fed, observed, or photographed wildlife around their homes and on trips 
away from home (USDI 1996). Other studies have shown that in urban areas 93 percent 
of residents want to know how to attract wildlife and support habitat components. 

Wildlife in cities and rural communities 
may offer greater opportunities for 
environmental education and non-
consumptive recreation than remote 
locations because of the proximity to large 
numbers of people (Shaw et al. 1985). 
Demonstrations sites, located in parks, 
nature areas and on school properties, can 
be very effective teaching tools and serve as 
living laboratories to display and interpret 
the wonders of nature. Demonstration 
sites, showcasing wildlife habitat areas as 
a managed component of the community 
forest, can also encourage the observer to 
think beyond the individual tree and gain a 
greater understanding of natural systems. 

How Trees Benefit Wildlife
Standing dead trees and dead or dying 
parts of live trees are beneficial to 
wildlife for foraging and food storage, 
nesting and den sites, shelter and cover, 
bridges, perches, and roost sites. Over 
120 species of birds, 140 species of 
mammals, and 270 species of reptiles 

Figure 5.18.  Over 120 species of birds, 140 
species of mammals, and 270 species of reptiles and 
amphibians depend on standing dead and dying 
tree of all sizes
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and amphibians depend on standing dead and dying trees of all sizes (Ackerman 
1993) (Fig 5.18). In addition, many species of insects, spiders, mites, millipedes, 
centipedes, slugs, and fungi use these trees for the completion of their life cycle 
and in turn provide a food source for many other species. For example, the white-
breasted nuthatch, common in urban forests, is a cavity nester that prefers mature 
stands with large decaying trees, and feeds its young an animal-based diet consisting 
of many of the arthropod species listed above.

Wildlife Cycle of a Tree
A tree’s capacity to provide wildlife habitat changes over time. As a tree matures and 
begins to decline (due to insects, diseases, injury or old age), the tree enters into a 
“wildlife cycle” and plays a vital role in providing habitat and promoting ecosystem 
biodiversity. Even when a tree dies, its usefulness does not end; it continues to 
provide valuable habitat for many species of wildlife. When evaluating a tree as a 
possible wildlife tree, certain characteristics make them suitable for different types 
of wildlife habitat, depending on what phase of the “wildlife cycle” they are in. The 
“wildlife cycle” can be simplified into three identifiable phases, each phase being 
unique and adapted for different types of wildlife: 

Phase 1: The first phase in the “wildlife cycle” of a tree involves standing dead 
or dying trees that initially attract non-cavity nesting species and primary cavity 
excavators (e.g., woodpeckers). These trees contain sound wood and the branches 
are intact (Fig 5.19). Trees in this initial phase provide foraging sites and perches 
for insect-feeding birds and raptors, singing perches for many songbirds, nest sites 
for species such as great blue herons, osprey, hawks and eagles, and nesting sites for 
primary cavity excavators such as woodpeckers, nuthatches, chickadees, and others. 

Phase 2: The second phase 
in the “wildlife cycle” of 
a tree involves increased 
decay. The tree is still 
standing, but the wood 
is no longer sound. The 
branches and bark are shed 
and the top and larger 
portions of the stem break 
off. During this phase, the 
tree becomes attractive to 
secondary cavity users that 
colonize existing cavities, 
excavated and abandoned 
by primary cavity nesting 
species or formed when 
branches are shed or when 
tops are broken off. (Fig 
5.20).  Secondary cavity users include owls, some species of ducks, birds (e.g., 
bluebirds, swallows, wrens and flycatchers), raccoons, flying squirrels, bats, and some 
amphibians. These species use the tree for nesting, foraging, roosting, and perching. 

Figure 5.19.  Example of a Phase 1 Wildlife Tree: a standing 
dead tree that initially attracts non-cavity nesting species. Here, it 
serves as a nesting site for a bald eagle.
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Phase 3: In this third and final phase 
of a tree’s “wildlife cycle,” decay has 
reduced the tree to a stump and 
debris pile (Fig 5.21). Woody debris 
is important habitat for many wildlife 
species such as salamanders, toads, 
mice, grouse, and woodpeckers. It is 
used for nesting and shelter, as a source 
of and place to store food, as a lookout 
site, for drumming, sunning, and 
preening sites, and as a natural bridge or 
highway across streams. Decaying logs 
also serve as nurse-trees for seedlings 
and contribute to nutrient cycling. 

Criteria for Selecting Wildlife Trees
Within community parks and other 
natural areas, a variety of wildlife trees 
should be selected for use, ranging 
from trees suited for long-term 
management to trees suited for short-
term management. Phase 1 trees will 
be the most valuable trees for providing 
long-term wildlife habitat since they will 
remain standing for an extended period 
and will likely develop a large number 
of cavities over time. Trees greater than 
15 inches in diameter, and more than 
50 feet tall, are considered the most 
valuable to wildlife. These trees should 
be slow decaying tree species such as 
oak and pine. Phase 2 trees provide 
immediate habitat for secondary cavity 
users and serve as foraging, roosting, 
and perching sites. To identify Phase 
2 trees, look for existing cavities, dens 
or foraging holes; existing nesting or 
roosting sites; and/or the presence 
of fresh scats or bird droppings. 
Phase 3 trees provide immediate 
habitat for wildlife and contribute to 
nutrient recycling. Selecting trees that 
are currently inhabited or used by 
wildlife has the obvious advantage for 
educational purposes and demonstration 
projects.

When to Consider Converting a Defective 
Tree into a Wildlife Tree

Only consider establishing wildlife 
trees when human safety will not be 
compromised or damage to property 

Figure 5. 20.  Example of a Phase 2 Wildlife Tree: 
a tree with existing cavities that is attractive to 
secondary cavity dwellers. Here, a boreal owl has 
discovered a cavity and established a nesting site.

Figure 5.21.  Fallen, decayed logs provide nesting 
and shelter, a source and a place to store food, 
lookout sites, drumming, sunning and preening 
sites, and as a natural bridge or highway across 
streams.
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is not imminent, and when the defective tree is a good candidate for wildlife 
habitation. For these reasons, it is not a recommended corrective action for street 
trees, and the establishment of wildlife trees should be reserved for parks and natural 
areas. 

Reduction of risk may be as simple as moving targets such as picnic tables, benches, 
or kiosks out of striking distance of the defective tree. If the target can be moved, 
risk to public safety is mitigated, and the tree can be preserved for wildlife habitat. 
If it is not feasible to move the target, other corrective actions such as pruning 
to remove defective branches or to reduce tree height should be considered. For 
example, wildlife trees that are located along high-use urban trails and in parks 
will often require corrective pruning to reduce tree height to a level where the tree 
will no longer strike a target, should it fail. Placing a nesting box near the location 
where a cavity has been lost through tree or limb removal may be a successful habitat 
replacement. If it is not feasible to perform corrective actions that will reduce risks 
to public safety with minimal impact to wildlife, closing the area to pedestrian traffic 
is a final option. Closing the site temporarily (such as during the breeding season) 
is often a possibility. With proper fencing and interpretive signing, a site closed to 
pedestrian traffic may still be valuable as an educational/demonstration area.

The Wildlife Habitat/Defective Tree Decision Model, developed by the U.S. Forest 
Service, provides a logical approach to deciding whether to convert a defective tree 
into a wildlife tree (Fig 5.22). The model operates under two assumptions: 1) a 
defective tree exists and various corrective actions can be performed to reduce the 
public safety risks to an acceptable level, and 2) wildlife is using or could potentially 
use the tree. This simple tool poses basic questions to help determine what corrective 
action(s) could be implemented that will reduce risk to public safety and preserve as 
much of the tree as possible for wildlife habitation. Corrective management strategies 
include: 1) removing targets within striking distance of a wildlife tree, 2) performing 
corrective pruning, 3) closing off the site, with fencing or signs, to restrict pedestrian 
traffic within striking distance of a wildlife tree and, 4) removing the tree and leaving 
the felled tree on site. 

Closing the Area
Closing an area and denying the public access to a 
portion of the urban forest is an extreme action that 
should be considered only in the direst situations. 
However, there are times when closing an area, 
either temporarily or permanently, is the only option 
available (Fig 5.23). One example of the effective 
use of temporary closures is a situation where an 
adverse weather event such as an ice storm or tornado 
has left so many hazardous trees in an area that it is 
impossible to guarantee public safety. Closing a public 
area temporarily until the needed tree maintenance 
is done should be an option that is available to tree 
maintenance workers in communities.

In more permanent or sensitive situations, judicious use 
of a “close the area” approach can also be an effective 
tool for managing risk. As an example, placing a fence 
around a large tree to keep the public from compacting 

Figure 5.23.  Place a Do Not Enter 
sign to close the site to visitors.
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Figure 5.22.  Wildlife Habitat/Hazardous Tree Decision Model.

Is it possible to move the target?

Can you perform mitigative actions1

that will reduce risks to public
safety with minimum impact to
wildlife (i.e. pruning, partial removal)?

Is closing the site possible2

(either temporarily or permanently)?
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site to create a wildlife habitat?

Felled trees or logs are important
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Wildlife Habitat/Hazardous Tree Decision Model
This decision model provides a logical approach to deciding whether to convert a hazardous
tree into a wildlife habitat tree. The model's function is to help maintain and create wildlife
habitat and reduce public safety risks associated with trees with hazardous defects.
Assumptions of the model are:

1. A hazardous tree exists and various mitigation actions can be performed to
reduce public safety risks to an acceptable level.

2. Wildlife is using or could potentially use the tree.

1 Placing a nesting box (Screech Owl, Northern Flicker, squirrel) on a site can be a successful
replacement for cavities that are lost through tree or limb removal.

2 If it is not possible to move a target, prune the tree or conduct a partial removal, consider closing the site. This mitigative
action can prevent disturbance to wildlife during the most critical (breeding) time. Remember, risk and values must be
balanced with common sense when making decisions about hazard trees.

Text prepared by: Mary Torsello and Toni McLellan, USDA Forest Service. Illustration by Julie Martinez
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the soil over tree roots, or from being at risk from falling branches is in many ways 
equivalent to closing the area. For large trees of significant cultural heritage, placing a 
fence around them is often the only acceptable way to mitigate a hazard. Alternatively, 
planting wide, fenced, or densely continuous beds of flowers around an architecturally 
unsound tree may be an acceptable way of retaining an otherwise hazardous tree in the 
urban landscape. This will keep the public at a safe distance, and will also prevent the 
trampling of roots and soil compaction around the hallowed monarchs of the urban 
forest. But at the same time the hazardous situation is being resolved, consider eventual 
replacement of the defective tree. Wise management can extend the lifetime of a tree by 
only so long. Communities need long-term strategies for tree removal and replacement 
to achieve sustained development of the urban forest. 

Removing the Tree
Removing a hazardous tree is the option of last resort. Implement this action only when 
other corrective actions cannot reduce the level of risk to an acceptable level. Before 
removing the tree, consider and balance all options, including the possibility of cabling 
and bracing, against the opportunity that removing a tree provides in the development 
of the overall community tree risk management plan. The effects of removing a tree, 
including visual impact on the site, and emotional impacts to people who value 
a particular tree, can be substantial. While removing a tree is not an option to be 
considered lightly, it is sometimes an unavoidable cost to abate a hazard. Always couple 
the removal of a tree with a community tree planting program that includes strategies to 
reestablish trees that are best suited for the urban landscape and the site on which they 
will grow. For example, plant small-stature trees under utility lines, and consider trees 
with smaller crowns and root systems for narrow lawn extensions and other places with 
restricted root space. Make educating the public about the benefits of matching trees to 
specific sites a goal of every tree risk management plan. See Chapter 4 (Prevention of 
Hazardous Tree Defects) for more information on proper species selection. 

Following are some examples of high-risk tree defects that warrant tree removal. Refer 
to Chapter 3 (How to Detect and Assess Hazardous Tree Defects) for additional 
photographic examples of all the tree defects listed below.

Bole Decay: Trees that do not meet the minimum sound shell thickness guidelines 
described in Chapter 3 must be removed (Fig 5.24). There is no other remedy for a tree 
that lacks the necessary amount of sound wood. Filling cavities or other methods for 
bracing or cabling such trees are not effective.

Leaning Trees: Trees with an excessive lean, as described in Chapter 3, must be removed. 
Trees that have evidence of soil mounding on the side away from the lean are particularly 
dangerous. Such mounding indicates that the roots on that side of the tree are failing, 
and usually mean that the tree has recently begun to lean. A tree that has grown for a 
long time with a lean less than 45 degrees may not be a significant hazard, but should be 
monitored closely for evidence of an increase in the lean angle.

Dead Trees: Dead trees are at great risk of failure, and should be considered highly 
hazardous in all situations. These trees should receive priority attention by the 
maintenance crew, and should be removed as soon as they are found.

Cankers on the Main Stem: Trees with cankers that affect 40 percent or more of the 
tree’s circumference or are associated with decay or other defects should be considered 
hazardous and removed (Fig 5.25).
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Unsound Architecture: Some trees with a 
tendency to form multiple upright branches can 
become dangerously defective if timely pruning 
is not provided over the life of the tree (Fig 5.26). 
Other trees, particularly conifers, can develop 
“twin stems” if the leader is killed and two 
branches assume dominance. The branch unions 
of these trees tend to form “included bark” as 
described in Chapter 3, which acts as a wedge 
to force such branches apart. If it is feasible to 
remove one branch in such a tree to correct the 
problem or to buy time while other nearby trees 
grow larger, the trees might be pruned. 

Severe Root Injury: Trees where root damage 
such as root decay or root severing affect more 
than 40 percent of its critical rooting area (Fig 
5.27). 

Figure 5. 27.  This tree has experienced damage to two sides 
of the root system and surface root loss due to re-construction 
activities. An older sidewalk restricts the roots on a third side 
of the root system, making this tree a prime candidate for 
failure. 

Figure 5.26.  This tree has experienced 
major crown failure. The remaining 
branches are declining as evidenced by poor 
leaf development, and the overall health 
of the tree is very poor. This tree should be 
removed.

Figure 5.25.  This tree has a canker and associated decay 
that affects >40 percent of the tree’s circumference. This 
tree does not meet safe shell requirements and should be 
removed.

Figure 5.24.  This tree has a large cavity with 
extensive wood decay that affects >40 percent of 
the tree’s circumference. This tree does not meet safe 
shell requirements and should be removed.
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Implementing Corrective Actions
Just as it may take several decades for trees in an urban setting to accumulate the injuries 
and structural defects that make them hazardous, it may take decades of careful maintenance 
and planning to develop an urban tree population into the ultimately desired condition. 
However, individual corrective actions must be completed in a timely manner. When a 
community first establishes a tree risk management program, the number of maintenance 
activities that seem necessary can be overwhelming. Aside from the removal or corrective 
treatment of very high-risk trees, which must be a top priority, a community has many 
options available to deal with correctible trees that pose a low or moderate hazard.

One strategy available to communities to help control the initial costs and visual impacts of 
mitigating hazardous trees lies in spreading corrective maintenance and planting over several 
years. This strategy requires ranking the corrective maintenance needs of all defective trees, 
and identifying those trees that require immediate attention as well as those with problems 
that can safely be put off for future correction. Be prepared to explain the rationale used 
for assigning or delaying treatments for all trees with identified defects, preferably with 
guidelines that are consistently used by tree inspectors and maintenance workers. Carefully 
consider benefits, risks, costs, and visual impacts when making decisions regarding tree risks.

Consider the tree shown in Figure 5.28.  It is clear from the photo that a large and 
presumably defective limb was removed some years ago. The photograph clearly shows that 
there was a target within range. At the time the photo was taken the tree does not appear to 
create an imminent hazard, yet as an urban tree it is not in the desired condition. The storm-
damaged tree had a defective limb that was removed, eliminating the immediate hazard. 
However, the resulting wound is so large that there is a high probability that it will become 
invaded by decay fungi before the tree has time to seal over the branch stub. There is also a 
high probability that the decay process will 
result in a cavity developing in the main 
stem that will one day violate the minimum 
“shell thickness guidelines” discussed in 
Chapter 3. Prudent hazard tree management 
dictated that the storm-damaged limb be 
removed; however the corrective action 
resulted in the creation of a tree that was 
not in its ultimately desired condition, 
which is a tree with only small wounds, or 
no wounds at all. Although the immediate 
hazard was corrected, the action itself has 
likely contributed to the development of 
a future hazard. In this case, the usable 
lifespan of this tree in the urban setting has 
been extended, and the community has 
bought some time in which to defer removal 
costs and plan for the replacement of this 
wounded tree. 

Figure 5.28.  This tree has a very large wound that was 
created when a large branch was previously removed. 
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Always include tree risk inspections and maintenance as part of the overall vegetation 
management strategy of a community, including plans for replacing trees that will be 
removed. For example, trees with large defective branches can be pruned, but preparations 
should be made to replace trees that require drastic corrective actions with young, defect-free 
trees. Cabling and bracing a defective tree can also extend its lifetime in an urban setting, but 
a tree that requires such treatment most often is a prime candidate for replacement. Young 
trees can be planted near older ones that will require removal in the near future, and the 
removal and planting schedules can be coordinated so that marginal trees can be replaced 
over time with younger, vigorous trees.
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APPENDIX1. Summary of survey responses, as provided by the authors of urban tree risk rating 
manuals or systems, published in the U.S.
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APPENDIX 2. California Tree Failure Report Form

Accession #____________ Date of Report ____________________________

Tree Genus ____________________________________ Tree Owner __________________________________

Species _______________________________________ Site:  County __________________________________

Cultivar (if known) _______________________________ City _________________________________________

Common name __________________________________ Address/Park _________________________________

Approx. age ______yrs.,  Height ______ft.,  DBH ______in. _____Site category (choose one):  1-Residential  2-Street 

Crown spread ______ 3-Park  4-School  5-Highway  6-Parking lot  7-Mall  8-Other

DETAILS OF TREE FAILURE MAINTENANCE HISTORY

-1 Date of failure: __________________ (Mo/Day/Yr) ____ -13 Pruning at failure location (Choose up to three)

-2 Time of failure: __________________ (Hr/AM or PM) ____ 1-Heading cuts - moderate - cut diameter ____ in.

____ -3 Location of failure on tree (choose one) ____ 2-Heading cuts - severe - cut diameter ____ in. 

1-Trunk: ____ft. above ground, ____inches break diam. 3-Thinning cuts (or drop-crotching) 6-Root pruning

at ground level? ____ (Y/N) 4-Lion-tailing 7-No pruning

2-Branch: ____ft. from attachment, ____in. break diam. 5-Flush cuts 8-Other (p. 2)

at point of attachment? ____ (Y/N) ____ -14 Pruning on entire tree (Same choices as 13)

branch attachment ____ ft. high on trunk ____ (Choose up to three)

estimated branch angle at point of failure ____ ____

weight concentrated at end of branch? ____ (Y/N) ____ -15 Other maintenance  (Choose up to two)

3-Root (including uprooting) ____ 1-Cable/hardware failure 4-Cavity treatment

____ -4 Site use (choose one) (Explain on p.2 Additional Info) 2-Staking/props 5-Injections

1-Undeveloped 3-Girdling wire, rope, etc. 6-None

2-Low use (intermittent vehicles and/or people) SOIL AND ROOT CONDITIONS AT SITE

3-Medium use (permanent structures, intermittent vehicles and/or people) ____ -16 Restricted roots (Choose up to two)

4-High use (permanent structures, frequent vehicles and/or people) ____ 1-Raised planter or bed 4-Root cutting

____ -5 Stand type: 2-Container or boxed tree 5-Not applicable

1-Natural 2-Planted 3-Mixed 3-Root barriers 6-Other (p. 2)

____ -6 Tree occurring ____ -17 Irrigation

1-Alone (at least one crown diameter apart) 1-None           3-More than once per mo.

2-In a group (less than one crown diameter apart) 2-Less than once per mo. 4-More than 3X per mo.

3-Altered stand (trees removed from stand) ____ -18 Ground cover under tree (Choose up to two)

TREE STRUCTURAL DEFECTS ____ 1-Bare soil 6-Shrubs

____ -7 Choose up to three, in the order of importance 2-Mulch 7-Mixed planting

____ 1-Failed portion dead 8-Embedded bark in crotch 3-Turf 8-Paving

____ 2-Multiple trunks/codom. stems 9-Crook or sweep 4-Native cover 9-Other

3-Dense crown 10-Leaning trunk 5-Herbaceous plants

4-Heavy lateral limbs (describe p. 211-Cracks or splits ____ -19 Soil in tree vicinity (Choose one)

5-Uneven branch distribution: (one 12-Kinked or girdling roots 1-Good condition   3-Saturated 5-Shallow         

6-Uneven branch distribution: (top-13-None apparent 2-Compacted    4-Dry      6-Other (p. 2)

7-Multiple branches at same point 14-Other (describe p. 2) ____ -20 Site topography/soil changes (Choose up to two)

TREE DECAY OR INJURY ____ 1-Excavation-depth _____ft., distance from trunk ____ ft.

____ -8 Type of decay at failure location (choose one) 2-Grade change - cut 5-Streambank erosion

1-Root rot 3-Grade change - fill 6-Not applicable

2-Heart rot 4-Slope erosion

3-Sap rot WEATHER AT TIME OF FAILURE

4-Heart rot and sap rot ____ -21 Wind speed:

5-No decay noted 1-Low (less than 5 mph)

____ -9 Extent of decay or cavity (% cross-sectional area) 2-Moderate (5-25 mph)

(For root failure estimate % structural roots decayed) 3-High (25+ mph)

1- 25% or less 4- 75-100% ____ -22 Wind

2- 25-50% 5-Unknown 1-Gusty

3- 50-75% 6-None 2-Steady

____ ## Fungal sporophores or conks found near failure location? ____ -23 Wind in prevailing direction for season?

1-Yes 2-No 1-Yes

____ ## Other injury at failure location 2-No

____ (Choose up to three, in order of importance) ____ -24 If branch failure, was wind direction  (Omit if no wind)

____ 1-Mechanical 4-Animal   7-Fire 1-Parallel to

2-Lightning 5-Chemical 8-None 2-At right angles to branch direction?

3-Insect 6-Vehicle 9-Other (p. 2) -25 Temperature: ________ degrees F

____ ## Other injury, entire tree (same choices as 11) ____ -26 Precipitation (Choose one)

____ (Choose up to three, in order of importance) 1-Rain 4-Fog or mist

____ 2-Snow 5-None

 3-Ice

University of California, Davis, CA  95616CALIFORNIA TREE FAILURE REPORT
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I.  Briefly, in your own words, why did this tree failure occur?

II.  Results of this tree failure (i.e., property damage, personal injury, etc.):

III.  Damage estimate (costs for clean-up; indicate other costs if known):

IV.  Additional information and comments:

Person reporting _________________________________________________  Date _______________

____________________________________________

Telephone  (       ) __________________________         FAX  (       ) __________________________

Please complete this report to the fullest extent, include any available photographs, and send to TREE FAILURE REPORT, UCCE, 625 Miramontes, Suite 200, 
Half Moon Bay, 94019-1942. This form may be photocopied. Direct any questions to Larry Costello or Katherine Jones,Cooperative Extension, San Mateo 
County (650) 726-9059, or to Alison Berry (530) 752-0130.

A.M. Berry, L.R. Costello, R.W. Harris

Revised 9/22/93

Title ___________________________________  Agency _____________________________________

Address

The information in this report will remain confidential, and will only be used to develop statistical and general information about tree failures by species and type
of failure.

Additional copies of this form and return envelopes can be requested from Katherine Jones, UCCE, 625 Miramontes Suite 200, Half Moon Bay, CA 94019.

Appendix 2. California Tree Failure Report Form - continued
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HOW to Prune Trees
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Introduction
The objective of pruning is to produce strong, healthy, attractive plants. By understanding 
how, when and why to prune, and by following a few simple principles, this objective can be 
achieved. 

Reasons For Pruning
The main reasons for pruning ornamental 
and shade trees include safety, health, 
and aesthetics. In addition, pruning can 
be used to stimulate fruit production 
and increase the value of timber. Pruning 
for safety (Fig. 1A) involves removing 
branches that could fall and cause injury 
or property damage, trimming branches 
that interfere with lines of sight on streets 
or driveways, and removing branches that 
grow into utility lines. Safety pruning can 
be largely avoided by carefully choosing 
species that will not grow beyond the 
space available to them, and have strength 
and form characteristics that are suited to 
the site.

Pruning for health (Fig. 1B) involves 
removing diseased or insect-infested wood, 
thinning the crown to increase airflow and 
reduce some pest problems, and removing 
crossing and rubbing branches. Pruning 
can best be used to encourage trees to 
develop a strong structure and reduce 
the likelihood of damage during severe 
weather. Removing broken or damaged 
limbs encourages wound closure. 
Pruning for aesthetics (Fig. 1C) involves 
enhancing the natural form and character 
of trees or stimulating flower production. 
Pruning for form can be especially 
important on open-grown trees that do 
very little self-pruning. 
 
All woody plants shed branches in 
response to shading and competition. 
Branches that do not produce enough 
carbohydrates from photosynthesis to 
sustain themselves die and are eventually 

Figure 1. Reasons for pruning



172 - APPENDIX III APPENDIX III - 173 

shed; the resulting wounds are sealed by woundwood (callus). Branches that are poorly 
attached may be broken off by wind and accumulation of snow and ice. Branches removed 
by such natural forces often result in large, ragged wounds that rarely seal. Pruning as a 
cultural practice can be used to supplement or replace these natural processes and increase 
the strength and longevity of plants. 

Trees have many forms, but the most common types are pyramidal (excurrent) or spherical 
(decurrent). Trees with pyramidal crowns, e.g., most conifers, have a strong central stem and 
lateral branches that are more or less horizontal and do not compete with the central stem for 
dominance. Trees with spherical crowns, e.g., most hardwoods, have many lateral branches 
that may compete for dominance. 

To reduce the need for pruning it is best to consider a tree’s natural form. It is very difficult 
to impose an unnatural form on a tree without a commitment to constant maintenance. 
Pollarding and topiary are extreme examples of pruning to create a desired, unnatural effect. 
Pollarding is the practice of pruning trees annually to remove all new growth. The following 
year, a profusion of new branches is produced at the ends of the branches. Topiary involves 
pruning trees and shrubs into geometric 
or animal shapes. Both pollarding and 
topiary are specialized applications that 
involve pruning to change the natural 
form of trees. As topiary demonstrates, 
given enough care and attention, plants 
can be pruned into nearly any form. Yet 
just as proper pruning can enhance the 
form or character of plants, improper 
pruning can destroy it.

Pruning Approaches
Producing strong structure should be the 
emphasis when pruning young trees. As 
trees mature, the aim of pruning will shift 
to maintaining tree structure, form, health 
and appearance. 

Proper pruning cuts are made at a node, 
the point at which one branch or twig 
attaches to another. In the spring of the 
year growth begins at buds, and twigs 
grow until a new node is formed. The 
length of a branch between nodes is called 
an internode. 

Figure 2. Crown thinning - branches to be removed are 
shaded in blue; pruning cuts should be made at the red 
lines. No more than one-fourth of the living branches 
should be removed at one time. 
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The most common types of 
pruning are: 

1. Crown Thinning (Fig. 2)
Crown thinning, 
primarily for hardwoods, 
is the selective removal 
of branches to increase 
light penetration and air 
movement throughout 
the crown of a tree. The 
intent is to maintain 
or develop a tree’s 
structure and form. To 
avoid unnecessary stress 
and prevent excessive 
production of epicormic 
sprouts, no more than 
one-quarter of the living 
crown should be removed 
at a time. If it is necessary to 
remove more, it should be done 
over successive years. 

Branches with strong U-shaped 
angles of attachment should 
be retained (Fig 3A). Branches 
with narrow, V-shaped angles 
of attachment often form 
included bark and should be 
removed (Fig. 3B). Included 
bark forms when two branches 
grow at sharply acute angles to 
one another, producing a wedge 
of inward-rolled bark between 
them. Included bark prevents 
strong attachment of branches, 
often causing a crack at the point 
below where the branches meet. 
Codominant stems that are 
approximately the same size and 
arise from the same position often 
form included bark. Removing 
some of the lateral branches from 
a codominant stem can reduce its 
growth enough to allow the other 
stem to become dominant. 

Lateral branches should be no 
more than one-half to three-quarters of the diameter of the stem at the point of 
attachment. Avoid producing “lion’s tails,” tufts of branches and foliage at the ends 
of branches, caused by removing all inner lateral branches and foliage. Lion’s tails 
can result in sunscalding, abundant epicormic sprouts, and weak branch structure 

Figure 4. Crown raising - branches to be removed are 
shaded in blue; pruning cuts should be made where 
indicated with red lines. The ratio of live crown to total 
tree height should be at least two-thirds.

Figure 3. Type of branch unions.
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and breakage. Branches that rub 
or cross another branch should be 
removed. 

Conifers that have branches in 
whorls and pyramidal crowns 
rarely need crown thinning 
except to restore a dominant 
leader. Occasionally, the leader 
of a tree may be damaged 
and multiple branches may 
become codominant. Select the 
strongest leader and remove 
competing branches to prevent 
the development of codominant 
stems. 

2. Crown Raising (Fig. 4)
Crown raising is the practice 
of removing branches from the 
bottom of the crown of a tree to 
provide clearance for pedestrians, 
vehicles, buildings, lines of site, or 
to develop a clear stem for timber 
production. Also, removing lower 
branches on white pines can 
prevent blister rust. For street trees 
the minimum clearance is often 
specified by municipal ordinance. 
After pruning, the ratio of the 
living crown to total tree height 
should be at least two-thirds (e.g., 
a 12 m tree should have living 
branches on at least the upper 8 
m). 

On young trees “temporary” branches may be retained along the stem to encourage 
taper and protect trees from vandalism and sun scald. Less vigorous shoots should 
be selected as temporary branches and should be about 10 to 15 cm apart along the 
stem. They should be pruned annually to slow their growth and should be removed 
eventually. 

3. Crown Reduction (Fig. 5)
Crown reduction pruning is most often used when a tree has grown too large for its 
permitted space. This method, sometimes called drop crotch pruning, is preferred 
to topping because it results in a more natural appearance, increases the time before 
pruning is needed again, and minimizes stress (see drop crotch cuts in the next section). 

Crown reduction pruning, a method of last resort, often results in large pruning wounds 
to stems that may lead to decay. This method should never be used on a tree with a 
pyramidal growth form. A better long term solution is to remove the tree and replace it 
with a tree that will not grow beyond the available space. 

Figure 5. Crown reduction - branches to be removed 
are shaded in blue; pruning cuts should be made where 
indicated with red lines.  To prevent branch dieback, cuts 
should be made at lateral branches that are at least one-
third the diameter of the stem at their union.
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Pruning Cuts
Pruning cuts should be made so that 
only branch tissue is removed and 
stem tissue is not damaged. At the 
point where the branch attaches to 
the stem, branch and stem tissues 
remain separate, but are contiguous. 
If only branch tissues are cut when 
pruning, the stem tissues of the tree 
will probably not become decayed, 
and the wound will seal more 
effectively. 

1. Pruning living branches 
(Fig. 6)

To find the proper place to 
cut a branch, look for the 
branch collar that grows 
from the stem tissue at the 
underside of the base of 
the branch (Fig. 6A). On 
the upper surface, there is 
usually a branch bark ridge 
that runs (more or less) 
parallel to the branch angle, 
along the stem of the tree. A 
proper pruning cut does not 
damage either the branch 
bark ridge or the branch collar. 

A proper cut begins just outside the branch bark ridge and angles down away from 
the stem of the tree, avoiding injury to the branch collar (Fig. 6B). Make the cut as 
close as possible to the stem in the branch axil, but outside the branch bark ridge, so 
that stem tissue is not injured and the wound can seal in the shortest time possible. If 
the cut is too far from the stem, leaving a branch stub, the branch tissue usually dies 
and woundwood forms from the stem tissue. Wound closure is delayed because the 
woundwood must seal over the stub that was left. 

The quality of pruning cuts can be evaluated by examining pruning wounds after 
one growing season. A concentric ring of woundwood will form from proper pruning 
cuts (Fig. 6B). Flush cuts made inside the branch bark ridge or branch collar, result in 
pronounced development of woundwood on the sides of the pruning wounds with very 
little woundwood forming on the top or bottom (Fig. 7D). As described above, stub cuts 
result in the death of the remaining branch and woundwood forms around the base from 
stem tissues. 

When pruning small branches with hand pruners, make sure the tools are sharp enough 
to cut the branches cleanly without tearing. Branches large enough to require saws 
should be supported with one hand while the cuts are made. If the branch is too large to 
support, make a three-step pruning cut to prevent bark ripping (Fig. 6C).

Figure 6. Pruning cuts. 
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1.  The first cut is a shallow notch made on the underside of the branch, outside 
the branch collar. This cut will prevent a falling branch from tearing the stem 
tissue as it pulls away from the tree. 

2.  The second cut should be outside the first cut, all the way through the 
branch, leaving a short stub. 

3.  The stub is then cut just outside the branch bark ridge/branch collar, 
completing the operation. 

2. Pruning dead 
branches (Fig. 6)

Prune dead 
branches in much 
the same way as 
live branches. 
Making the correct 
cut is usually 
easy because the 
branch collar 
and the branch 
bark ridge can 
be distinguished 
from the dead 
branch because 
they continue to 
grow (Fig. 6A). Make the pruning cut just outside of the ring of woundwood tissue 
that has formed, being careful not to cause unnecessary injury (Fig. 6C). Large dead 
branches should be supported with one hand or cut with the three-step method, just 
as live branches. Cutting large living branches with the three step method is more 
critical because of the greater likelihood of bark ripping. 

3. Drop Crotch Cuts (Fig. 6D)
A proper cut begins just above the branch bark ridge and extends through the stem 
parallel to the branch bark ridge. Usually, the stem being removed is too large to be 
supported with one hand, so the three cut method should be used. 

1.  With the first cut, make a notch on the side of the stem away from the branch 
to be retained, well above the branch crotch. 

2.  Begin the second cut inside the branch crotch, staying well above the branch 
bark ridge, and cut through the stem above the notch. 

3.  Cut the remaining stub just inside the branch bark ridge through the stem 
parallel to the branch bark ridge. 

To prevent the abundant growth of epicormic sprouts on the stem below the cut, or 
dieback of the stem to a lower lateral branch, make the cut at a lateral branch that is 
at least one-third of the diameter of the stem at their union. 

Figure 6. Pruning cuts. 



176 - APPENDIX III APPENDIX III - 177 

Pruning Practices That Harm Trees
Topping and tipping (Fig. 7A, 7B) are 
pruning practices that harm trees and 
should not be used. Crown reduction 
pruning is the preferred method to reduce 
the size or height of the crown of a tree, 
but is rarely needed and should be used 
infrequently. 

Topping, the pruning of large upright 
branches between nodes, is sometimes 
done to reduce the height of a tree (Fig. 
7A). Tipping is the practice of cutting 
lateral branches between nodes (Fig. 7B) 
to reduce crown width.  

These practices invariably result in the 
development of epicormic sprouts, or in 
the death of the cut branch back to the 
next lateral branch below. These epicormic 
sprouts are weakly attached to the stem 
and eventually will be supported by a 
decaying branch.

Improper pruning cuts cause unnecessary 
injury and bark ripping (Fig. 7C). Flush 
cuts injure stem tissues and can result in 
decay (Fig. 7D). Stub cuts delay wound 
closure and can provide entry to canker 
fungi that kill the cambium, delaying or 
preventing woundwood formation (Fig. 
7E).

When to Prune
Conifers may be pruned any time of year, 
but pruning during the dormant season 
may minimize sap and resin flow from cut 
branches.

Hardwood trees and shrubs without 
showy flowers:  prune in the dormant 
season to easily visualize the structure 
of the tree, to maximize wound closure 
in the growing season after pruning, to 
reduce the chance of transmitting disease, and to discourage excessive sap flow from wounds. 

Figure 7. Practices that harm trees.
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Recent wounds and the chemical scents they emit can actually attract insects that spread tree 
disease. In particular, wounded elm wood is known to attract bark beetles that harbor spores 
of the Dutch elm disease fungus, and open wounds on oaks are known to attract beetles that 
spread the oak wilt fungus. Take care to prune these trees during the correct time of year to 
prevent spread of these fatal diseases. Contact your local tree disease specialist to find out 
when to prune these tree species in your area. Usually, the best time is during the late fall and 
winter. 

Flowering trees and shrubs:  these should also be pruned during the dormant season for 
the same reasons stated above; however, to preserve the current year’s flower crop, prune 
according to the following schedule: 
 

• Trees and shrubs that flower in early spring (redbud, dogwood, etc.) should be pruned 
immediately after flowering (flower buds arise the year before they flush, and will form 
on the new growth).

 
• Many flowering trees are susceptible to fireblight, a bacterial disease that can be 

spread by pruning. These trees, including many varieties of crabapple, hawthorn, 
pear, mountain ash, flowering quince and pyracantha, should be pruned during the 
dormant season. Check with your county extension agent or a horticulturist for 
additional information.

 
• Trees and shrubs that flower in the summer or fall always should be pruned during the 

dormant season (flower buds will form on new twigs during the next growing season, 
and the flowers will flush normally). 

Dead branches:  can be removed any time of the year. 

Pruning Tools 
Proper tools are essential for satisfactory pruning (Fig.6). The choice of which tool to use 
depends largely on the size of branches to be pruned and the amount of pruning to be done. 
If possible, test a tool before you buy it to ensure it suits your specific needs. As with most 
things, higher quality often equates to higher cost. 

Generally speaking, the smaller a branch is when pruned, the sooner the wound created 
will seal. Hand pruners are used to prune small branches (under 2.5 cm diameter) and 
many different kinds are available. Hand pruners can be grouped into by-pass or anvil 
styles based on the blade configuration. Anvil style pruners have a straight blade that cuts 
the branch against a small anvil or block as the handles are squeezed. By-pass pruners use a 
curved cutting blade that slides past a broader lower blade, much like scissors. To prevent 
unnecessary tearing or crushing of tissues, it is best to use a by-pass style pruner. Left- or 
right-handed types can be purchased. 

Slightly larger branches that cannot be cut with a hand pruner may be cut with small 
pruning saws (up to 10 cm) or lopping shears (up to 7 cm diameter) with larger cutting 
surfaces and greater leverage. Lopping shears are also available in by-pass and anvil styles. 
For branches too large to be cut with a hand pruner or lopping shears, pruning saws must 
be used. Pruning saws differ greatly in handle styles, the length and shape of the blade, and 
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the layout and type of teeth. Most have tempered metal blades that retain their sharpness for 
many pruning cuts. Unlike most other saws, pruning saws are often designed to cut on the 
“pull-stroke.” 

Chain saws are preferred when pruning branches larger than about 10 cm. Chainsaws should 
be used only by qualified individuals. To avoid the need to cut branches greater than 10 cm 
diameter, prune when branches are small. 

Pole pruners must be used to cut branches beyond reach. Generally, pruning heads can cut 
branches up to 4.4 cm diameter and are available in the by-pass and anvil styles. Once again, 
the by-pass type is preferred. For cutting larger branches, saw blades can be fastened directly 
to the pruning head, or a separate saw head can be purchased. Because of the danger of 
electrocution, pole pruners should not be used near utility lines except by qualified utility 
line clearance personnel. 

To ensure that satisfactory cuts are made and to reduce fatigue, keep your pruning tools 
sharp and in good working condition. Hand pruners, lopping shears, and pole pruners 
should be periodically sharpened with a sharpening stone. Replacement blades are available 
for many styles. Pruning saws should be professionally sharpened or periodically replaced. To 
reduce cost, many styles have replaceable blades. 

Tools should be clean and sanitized as well as sharp. Although sanitizing tools may be 
inconvenient and seldom practiced, doing so may prevent the spread of disease from infected 
to healthy trees on contaminated tools. Tools become contaminated when they come into 
contact with fungi, bacteria, viruses and other microorganisms that cause disease in trees. 
Most pathogens need some way of entering the tree to cause disease, and fresh wounds are 
perfect places for infections to begin. Microorganisms on tool surfaces are easily introduced 
into susceptible trees when subsequent cuts are made. The need for sanitizing tools can be 
greatly reduced by pruning during the dormant season. 

If sanitizing is necessary it should be practiced as follows:  before each branch is cut, sanitize 
pruning tools with either 70% denatured alcohol, or with liquid household bleach diluted 
1 to 9 with water (1 part bleach, 9 parts water). Tools should be immersed in the solution, 
preferably for 1-2 minutes, and wood particles should be wiped from all cutting surfaces. 
Bleach is corrosive to metal surfaces, so tools should be thoroughly cleaned with soap and 
water after each use. 

Treating Wounds
Tree sap, gums, and resins are the natural means by which trees combat invasion by 
pathogens. Although unsightly, sap flow from pruning wounds is not generally harmful; 
however, excessive “bleeding” can weaken trees. 

When oaks or elms are wounded during a critical time of year (usually spring for oaks, or 
throughout the growing season for elms) either from storms, other unforeseen mechanical 
wounds, or from necessary branch removals some type of wound dressing should be applied 
to the wound. Do this immediately after the wound is created. In most other instances, 
wound dressings are unnecessary, and may even be detrimental. Wound dressings will not 
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stop decay or cure infectious diseases. They may actually interfere with the protective benefits 
of tree gums and resins, and prevent wound surfaces from closing as quickly as they might 
under natural conditions. The only benefit of wound dressings is to prevent introduction of 
pathogens in the specific cases of Dutch elm disease and oak wilt. 

Pruning Guidelines
To encourage the development of a strong, healthy tree, consider the following guidelines 
when pruning. 
General 

• Prune first for safety, next for health, and finally for aesthetics.
 
• Never prune trees that are touching or near utility lines; instead consult your local 

utility company. 

• Avoid pruning trees when you might increase susceptibility to important pests (e.g. in 
areas where oak wilt exists, avoid pruning oaks in the spring and early summer; prune 
trees susceptible to fireblight only during the dormant season). 

• Use the following decision guide for size of branches to be removed:  1) under 5 cm 
diameter - go ahead,  2) between 5 and 10 cm diameter - think twice, and 3) greater 
than 10 cm diameter - have a good reason. 

Crown Thinning 
• Assess how a tree will be pruned from the top down. 

• Favor branches with strong, U-shaped angles of attachment. Remove branches with 
weak, V-shaped angles of attachment and/or included bark. 

• Ideally, lateral branches should be evenly spaced on the main stem of young trees. 

• Remove any branches that rub or cross another branch. 

• Make sure that lateral branches are no more than one-half to three-quarters of the 
diameter of the stem to discourage the development of co-dominant stems. 

• Do not remove more than one-quarter of the living crown of a tree at one time. If it is 
necessary to remove more, do it over successive years. 

Crown Raising 
• Always maintain live branches on at least two-thirds of a tree’s total height. Removing 

too many lower branches will hinder the development of a strong stem. 

• Remove basal sprouts and vigorous epicormic sprouts. 

Crown Reduction 
• Use crown reduction pruning only when absolutely necessary. Make the pruning cut at 

a lateral branch that is at least one-third the diameter of the stem to be removed.
 
• If it is necessary to remove more than half of the foliage from a branch, remove the 

entire branch. 
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Branch Axil:  the angle formed where a branch 
joins another branch or stem of a woody 
plant. 

Branch Bark Ridge:  a ridge of bark that forms 
in a branch crotch and partially around the 
stem resulting from the growth of the stem 
and branch tissues against one another. 

Branch Collar:  a “shoulder” or bulge formed 
at the base of a branch by the annual 
production of overlapping layers of branch 
and stem tissues. 

Crown Raising:  a method of pruning to 
provide clearance for pedestrians, vehicles, 
buildings, lines of sight, and vistas by 
removing lower branches. 

Crown Reduction Pruning:  a method of 
pruning used to reduce the height of a tree. 
Branches are cut back to laterals that are 
at least one-third the diameter of the limb 
being removed. 

Crown Thinning:  a method of pruning to 
increase light penetration and air movement 
through the crown of a tree by selective 
removal of branches. 

Callus:  see woundwood. 

Decurrent:  a major tree form resulting from 
weak apical control. Trees with this form 
have several to many lateral branches 
that compete with the central stem for 
dominance resulting in a spherical or 
globose crown. Most hardwood trees have 
decurrent forms. 

Epicormic Sprout:  a shoot that arises from 
latent or adventitious buds; also known 
as water sprouts that occur on stems and 
branches and suckers that are produced 
from the base of trees. In older wood, 
epicormic shoots often result from severe 
defoliation or radical pruning. 

Excurrent:  a major tree form resulting from 
strong apical control. Trees with this form 
have a strong central stem and pyramidal 
shape. Lateral branches rarely compete 
for dominance. Most conifers and a few 
hardwoods, such as sweetgum and tuliptree, 
have excurrent forms. 

Flush Cuts:  pruning cuts that originate inside 
the branch bark ridge or the branch collar, 
causing unnecessary injury to stem tissues. 

Included Bark:  bark enclosed between 
branches with narrow angles of attachment, 
forming a wedge between the branches. 

Pollarding:  the annual removal of all of the 
previous year’s growth, resulting in a flush of 
slender shoots and branches each spring. 

Stub Cuts:  pruning cuts made too far outside 
the branch bark ridge or branch collar, that 
leave branch tissue attached to the stem. 

Tipping:  a poor maintenance practice used to 
control the size of tree crowns; involves the 
cutting of branches at right angles leaving 
long stubs. 

Topping:  a poor maintenance practice often 
used to control the size of trees; involves 
the indiscriminate cutting of branches and 
stems at right angles leaving long stubs. 
Synonyms include rounding-over, heading-
back, dehorning, capping and hat-racking. 
Topping is often improperly referred to as 
pollarding. 

Topiary:  the pruning and training of a plant 
into a desired geometric or animal shape. 

Woundwood:  lignified, differentiated tissues 
produced on woody plants as a response to 
wounding (also known as callus tissue). 

Glossary
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Information in this publication can be used to interview and hire a competent arborist. 
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Balled-and-burlapped = Trees and shrubs 
harvested with the root system enclosed 
in a soil ball that is held together with 
burlap and twine, a wire basket, or 
both.

Bare-root = Trees and shrubs harvested with 
an exposed root system and with no soil 
covering their roots.

Barrier zone = An anatomical and chemical 
wall formed by the cambium tissue as 
part of the compartmentalization of 
decay within trees. It separates wood 
formed before wounding from wood 
that will form after wounding.

Bole = (Trunk) The main stem of a tree 
below its first major branch.

Branch bark ridge = Ridge of bark that 
forms at the junction of the branch and 
stem. An upturned branch bark ridge 
indicates a strong branch union. An 
inrolled branch bark ridge indicates a 
weak branch union.

Branch collar = A “shoulder” or bulge 
formed at the base of a branch by the 
annual production of overlapping layers 
of branch and stem tissues.

Cabling and bracing = The practice of 
adding a support system to a tree 
to reduce the stress on weak branch 
unions. Materials used include both 
flexible and rigid braces, metal cables, 
synthetic-fiber rope, and metal 
anchoring devices. 

Cambium = Layer of living cells between the 
bark and wood surface that produces a 
new layer of wood each year.

Canker = Area of dead bark and cambium 
anywhere on the tree’s surface. Cankers 
can be caused by fungi, insects, 
weather, or mechanical damage such as 
lantern-burns or mowers.

Canker-rot = Fungal infection that causes an 
external canker and extensive internal 
decay.

Canopy = The topmost layer of twigs and 
foliage in a tree or group of trees.

Cavity = Hollow area in stem, branch, or 
root where the wood has decayed and is 
now missing.

Codominant stems = Stems that are equal in 
size and relative importance.

Compartmentalization = A physiological 
process which creates chemical and 
mechanical boundaries to resist 
organisms, such as decay fungi. It 
results in the separation of healthy 
tissues and infected tissues by reaction 
and barrier zones.

Conk = Fruiting body of a fungus. Fruiting 
bodies on trees indicate advanced decay.

Container-grown = Plant material grown 
in a nursery and placed in a container 
before shipping.

Crack = Separation of the wood, a fissure, or 
a deep split in the bark and wood of a 
tree. 

Critical root radius (CRR) = Defines the 
area of the root system nearest the 
stem that is critical for the stability 
and vitality of the tree. The area is 
determined by allowing 1.5 feet of root 
radius for each inch of stem diameter at 
breast height (d.b.h.).

Glossary



186 - Glossary Glossary - 187

Crown = Portions of the tree above the main 
stem or trunk; the branches, twigs and 
leaves.

Deadwood = Non-living wood within a tree. 
Deadwood is structurally unsound 
because of pre-existing defects and/or 
rapid decomposition of the wood.

Decay = Fungal and bacterial decomposition 
of woody tissues. The decay process 
reduces structural soundness and 
stability over a period of years.

Decayed wood = Wood that has rooted or is 
missing.

Decline = General loss of vigor. It is usually 
accompanied by crown symptoms, 
such as branch dieback.

Defect = Any structural weakness or 
deformity in the tree’s branches, stem, 
or root system. Tree defects can be 
of two kinds: injury or disease that 
seriously weakens the stems, roots, 
or branches or trees, predisposing 
them to fail or structural problems 
arising from poor tree architecture, 
including V-shaped crotches in stems 
and branches that lead to weak unions, 
shallow rooting habits, inherently 
brittle wood, etc.

Defective tree = Tree with one or more 
defects.

D.B.H. = Diameter of the tree measured 
at breast height, 4.5 feet from the 
ground.

Dieback = Death of a branch or branches, 
generally from the tip towards the 
main stem.

Dripline = The area directly below the 
branches of a tree.

Epicormic branch = Branches that form on 
large, old stems or branches as a result 
of a serious disturbance, such as, 
improper pruning, disease or extensive 
dieback in the crown. Epicormic 
branches usually form weak unions 
with their stems.

Failure = Breakage of stems or branches or 
loss of mechanical support in the root 
system. Trees can fail due to defects or 
during severe storms.

Fire scar = Triangular scar at the base of a tree 
due to a past fire. A cavity is generally 
associated with a fire scar.

Fracture = Cracking or breakage of wood in 
branches, stems or roots.

Fruiting bodies = Structures where fungal 
spores are produced. Examples are 
mushrooms, conks, and shelf fungi. 
They are indicators of advanced decay.

Hazard tree = A tree that has structural 
defects in the roots, stem, or branches 
that may cause the tree or tree part 
to fail, where such failure may cause 
property damage or personal injury.

Improper pruning = When removing 
branches, cutting into the branch 
collar, cutting flush to the stem, 
leaving long branch stubs, or removing 
too many branches at one time.

Included bark = Layers of bark that have 
formed inside the tree at a branch 
union or fork between codominant 
stems. These ingrown layers of bark 
make a branch union weak.
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Increment core = Sample of wood extracted 
from a tree by an increment borer. The 
core shows the annual rings.

Inrolled bark or wood = Bark or wood tissues 
that have turned inward and continue 
to grow inside the tree. See rams-
horning.

Inrolled crack = See Rams-horning.

Inspection = Systematic method of examining 
trees for visible defects and assessing 
risk of potential failure.

Lean = Describes a tree trunk that is not 
growing perpendicular to the ground. 
If the angle is greater than 45 degrees, 
it may be hazardous.

Natural target pruning = Method of 
removing branches that preserves the 
tree’s natural defenses. Only branch 
tissue is removed leaving the branch 
collar intact. See diagrams for conifers 
and hardwoods in the Appendix 3.

Poor architecture = Growth pattern indicates 
structural imbalance and weakness in 
the branch, stem, or tree.

Rams-horning = Process that occurs when 
two wound margins grow together and 
their bark and wood layers begin to 
turn inward. The inrolling tissues curl 
and form the rams-horn over a period 
of years.

Root collar = The base of the stem where the 
primary roots first begin to branch 
away from the stem. Normally, this 
area appears swollen or flared and is 
located near or at the soil level.

Seam = Evidence that a tree has successfully 
closed over a wound. Wound margins 
meet and grow together. In time, 
seams become indistinct and less 
hazardous.

Shell = In trees with wood decay, the shell 
is the newest and outermost layers of 
wood that are decay free. Safe shell 
limits require 1 inch of sound shell for 
each 6 inches of stem diameter.

Snag tree = A dead, usually hollow or 
limbless, tree that is left on the site for 
wildlife habitat purposes.

Stem girdling roots (SGR) = Roots that 
encircle or run tangentially to a tree’s 
stem, eventually compressing the 
woody and non-woody tissues of the 
stem.

Target = A person or object within 1.5 times 
the tree height of a defective tree.

Tipping = Removal of branch tips, usually to 
decrease the tree’s width.

Topping = Removal of the top portion of a 
tree’s live crown, usually to decrease 
the tree’s height.

Tree architecture = Natural growth habit or 
branching pattern that is characteristic 
for each tree species.

Tree lawns = The planting area that occurs 
between street curbs and sidewalks. 
Also commonly referred to as 
boulevards, parkways, or medians.
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Tree risk management plan = A management 
plan that focuses on the prevention 
and correction of hazardous tree 
defects, and provides a written, 
systematic procedure for inspecting 
and evaluating hazardous trees and 
correcting them before they become 
unacceptable risks.

Uneven-aged management system = A 
management system where trees of 
varying species and with different life 
expectancies are planted as replacement 
trees.

Weak branch union = An epicormic branch or 
branch union with included bark.

Windthrow = Failure of the root system in 
anchoring the tree to the ground. 
Often trees are blown over by winds 
during severe storms.

Wound = Any injury to the bark, cambium, 
or wood.

Woundwood = Lignified, differentiated 
tissues produced on woody plants as a 
response to wounding (also known as 
callus tissue).
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