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Abstract: Urban forests (trees growing in urban and peri-urban areas, including villages and large
cities) are vital to mitigating the effects of climate change and urbanization but require special
considerations such as risk mitigation in developed landscapes. Despite abundant research on risk
perceptions of natural hazards, there is limited knowledge about risk perceptions associated with
urban trees. As such, this research examines community perceptions of urban tree risk mitigation with
a focus on four cities in the U.S. south. To better understand risk perceptions and mitigation, this study
employs key informant interviews with community members. Guided by a socio-ecological resilience
framework, the findings identify factors affecting resident attitudes towards tree management on the
individual parcel and the community levels. The findings benefit tree risk governance in the face of
climate variability, which increases societal and environmental vulnerability in urban settings.
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1. Introduction
The concept of the “urban forest” includes public and private trees and other vegetation existing within a mosaic of pervious and impervious surfaces from the urban core to
the wildland–urban interface [1,2]. Over the past three decades, research about the broad
range of ecological, social, and economic benefits provided by the urban forest to urban
areas has expanded significantly and has helped provide justification for protecting and enhancing these systems [3–5]. Similarly, there has been a proliferation of research regarding
urban forest ecosystem benefits such as carbon sequestration, temperature reduction, and
stormwater interception, which, in turn, has informed the role of urban forests in climate
change adaptation [6–8]. For example, research has documented that large, long-lived tree
species are especially beneficial to mitigating climate change due to their high rates of
carbon storage and sequestration [7–9].
Nevertheless, political, social, and economic factors combine with the technical challenges of urban tree care to complicate successful urban forest management [10,11]. In
particular, municipal tree care managers may be tasked with managing for ecosystem
services but may compete with other public service departments for funding, personnel,
and political support [12,13]. Previous research has also cited communication with the
public as a barrier to successful management, with the public lacking knowledge about
the benefits of trees and tree maintenance, and limited participation in efforts towards
achieving urban forest goals [13–16]. Public recognition of the benefits associated with a
healthy tree canopy and support for municipal and private tree management is vital to
sustainable urban forest management [17].
Furthermore, climate change impacts such as increased intensity of weather events,
shifting species ranges, disease and pest outbreaks, and changing soil properties will
affect trees and those who manage them in the future [18]. In particular, extreme weather
events enhance the risk of tree or tree part failure due to lightning strikes, wind events,
and saturated soils [19]. In simple terms, risk is the likelihood that an adverse event
may occur, causing some sort of harm [20]. Tree or tree part failure can cause significant
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damage to public infrastructure, personal property, and even human life [21]. Damages
can lead to legal action and negative implications for urban forest management by local
government [22,23]. Meanwhile, urbanization often decreases plantable soil space and
volume, and exposes trees to harmful pollutants, leading to stress and decline.
The goal of urban forest management in cities is to maximize the benefits of the forest
canopy while minimizing disservices, including real or perceived harm to human health
and the built environment [24]. Using four cities in the U.S. south as case studies, and
guided by a socio-ecological resilience framework, the research presented in this article
employed key informant interviews to better understand perceptions of the benefits and
risks of the urban forest, as well as community-level risk mitigation actions. In short,
this case study illuminates the ways cities balance the protection of valuable tree canopy
with residents’ safety, particularly in the context of extreme weather events. The research
findings provide insights on community characteristics associated with successful risk
management and governance. Additionally, the findings contribute to the body of research
on urban risk, vulnerability, and local resilience.
Three questions framed our research objective:
(1)
(2)
(3)

What practices are cities undertaking to reduce risk while managing canopy benefits?
How do community leaders characterize tree risk perceptions in their communities?
How do resident attitudes inform tree care and municipal forest management?

1.1. Urban Forest Management
1.1.1. Criteria and Indicators of Success
A survey of highly regarded urban forestry programs found that the technical competence of personnel was necessary but not the most important component of a successful
program [25]. Successful programs cross administrative boundaries to include other departments in decision-making. Moreover, programs must be linked with the community’s
social values and culture [26,27]. At the community level, successful programs have tree
and planning commissions with historical understanding of the importance of urban
forestry, contain a dedicated governing body with continuity of support, have long-term
citizen support and professional assistance, provide education for decision-makers and
relevant volunteer commissions, and have dedicated and educated volunteers [14,28–30].
Baur et al. [26] suggest that understanding community attitudes towards the urban forest is important to determine appropriate management strategies and to gain local support.
Community support for urban forestry programs presents itself in the form of, for example,
institutional collaboration, neighborhood engagement, environmental volunteerism and
education, and business alignment [31]. Carmichael and McDonough [32] noted that
community input is sometimes overlooked or ignored by municipal forestry programs.
From a biological perspective, successful urban forestry programs are in the process
of developing or have developed a resilient urban forest ecosystem including maintaining
age and species diversity and are able to maintain long-lived trees distributed across the
landscape [25]. To do this, tree managers must make regular tree canopy assessments.
Establishing and maintaining quality vegetative resources requires a broad list of criteria
and indicators of urban forest planning and management. While some studies have shown
that the concentration of programming elements and activities are associated with urbanization [33,34], the community size, wealth, or population makeup are not prerequisites to
maximizing the socio-ecological benefits of the urban forest while minimizing the risk of
tree failure [25,35]. Furthermore, regardless of the city size, municipal staff consistently
report challenges related to funding, political support, communication with the public, and
organizational capacity [13,14,16].
1.1.2. Urban Forest Risk Management
Although municipal agencies in the northeastern U.S.A. appointed personnel with
the authority to manage hazard trees as early as the late 1800s [36], the inclusion of formal
tree risk management did not become mainstream nationwide until the 1990s [37]. Within
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the past three decades, court cases have demonstrated the importance of cities having a
formal process for assessing and mitigating public tree risk [23]. Proactive management of
tree risk involves monitoring trees for weaknesses such as root damage, decay, pests and
disease, poor structure, and negative human impacts. The associated liability that comes
with not maintaining the urban forest resource can be devastating, resulting in tort and
criminal liability for property damage and loss of human life [38]. Despite variability in
court cases, some authors have recommended a base level of the standard duty of care that
municipalities are responsible for maintaining must involve some form of basic assessment
of public trees (trees on public property) on a regular basis [23,39].
Conversely, fear or aversion to the legal implications of tree risk can lead municipalities
and individuals to overcompensate with the removal of significant live tree mass or entire
trees [21]. In these cases, the reactionary approach to tree risk is often not cost-effective
from a management perspective and negatively affects the health and quality of benefits
derived from the urban tree canopy [40]. Instead, researchers have urged tree managers
to take a proactive approach to risk mitigation, including steps such as creating tree risk
management plans, practicing proactive pruning, conducting target-based risk assessments,
and creating policies for root protection from construction disturbances [37,40].
Tree risk management is not just a concern for municipalities. Private landowners
are held responsible for tree damages caused from a lack of hazard identification [41].
Research suggests assistance to private individuals is needed in the form of systematic tree
risk assessments and public education about tree assessments and preventative care [42].
However, research on residents’ tree risk perceptions is lacking. There is a need for a deeper
understanding on how risk management is influenced by the residents that experience it in
order to govern for reduced vulnerability and increased agency towards addressing urban
forest risks at the community level [43].
1.2. Community Risk Perceptions
A number of mental shortcuts, biases, and assumptions play into a person’s assessment
of individual risks. Many people simply do not have the time, desire, or information to
understand the interrelated components of a single risk when it falls outside of their
personal expertise [44]. This limitation in knowledge of a specific type of risk may result in
reliance on “mental shortcuts” to determine the probability of harm and whether resources
should be devoted to mitigating the risk. People use many forms of alternate decisionmaking tools instead of relying on probability or direct cost–benefit approaches [45,46].
One mental shortcut is trusting those who have more knowledge about the risk,
such as professionals (experts), institutions, or some other resource [47]. In allowing a
trustworthy institutional or social actor to determine the level of risk, individuals can
outsource the mental task of assessing the probability that a negative event may occur.
Another shortcut is tied to familiarity, or experience, with a risk. Lack of experience can lead
to the assumption that an event will never occur since it has not yet occurred [44]. Similarly,
low-probability/high-consequence risks, such as a catastrophic storm, can result in faulty
expectations of risk probability, since direct experience with this type of event is likely to
be minimal, even if the consequences are great. Social institutions (e.g., traditional and
social media, religious organizations, governmental organizations, and advocacy groups)
can exert an unreasonable perception of tree risk when low probability catastrophic tree
failures are communicated [42,48].
In this research, we use the term “community risk perceptions” to denote that risk
perceptions and mitigation are informed by interactions between individuals and their
communities. The unacceptable level of community risk is determined through social
interactions to warrant the use of time and resources to mitigate that level of risk. Assessment of community risk involves input from “experts” and laypersons, both of whom
have valid approaches [49]. Studies have found patterns of similar risk association between members of subgroups that have been influenced by related social, cultural, and
institutional factors [20,43]. This may reveal itself through regional patterns, professional
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groups, socioeconomic class, sexual orientation, or any number of subgroupings. Likewise,
in social systems with widely shared understanding, risk perceptions may be confirmed
or amplified when communicated among members of similar groups or individuals with
similar mental schemes [50].
Urban Forest-Based Solutions Framework
The European Forest Institute (EFI) addresses risk in its Urban Forest-Based Solutions
framework (Figure 1) [51]. The framework refers to the ability of a system to accommodate
disturbance while retaining core relationships between populations, the local economy,
and the local environment that supports the system [31]. This ability highlights community
resilience and the capacity to self-organize, learn, and adapt in the face of change [52].
Resilience is enhanced by linking human agency and local ecological systems, for instance,
the adaptation from monoculture to an emphasis on species diversity after the loss of a
valuable resource [53]. In an urban forestry context, a lack of resilience was demonstrated
through the widespread loss of American elm street trees due to the introduction of Dutch
Elm Disease in the 1920s. Some cities learned from this experience to include greater
diversity in subsequent plantings, thereby increasing resilience [54]. The incorporation of
healthy trees into a city landscape is a critical factor of urban resilience [55]. Additional
examples of intervention include incorporating public access to vegetated spaces, retaining
mature vegetation, creating wildlife refuge, and connecting human experiences through
vegetated spaces. Urban forests contribute to resilience at various scales by providing a
multitude of ecosystem services in the urban setting such as enhanced air quality, stormwater reduction, water quality, cooling factors, wildlife and microorganism
habitats, and
Land 2021, 10, x FOR PEER REVIEW
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much more [56,57].

Figure 1. Resilience framework modified from the European Forest Institute Resilience Research

Figure
1. Resilience framework modified from the European Forest Institute Resilience Research
Programme [51].
Programme [51].
2. Materials and Methods
2.1. Study Sites
This study employed interviews with municipal employees and community leaders
in four cities in the southern United States of America. Study sites were selected according
to the state forestry agency’s urban forestry program operational districts and city population size (see [58] for demographic information). Within each region, one site was selected based on population size, classified by a combination of USDA and US Census pop-
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Included in EFI’s framework are inputs such as the effects of climate change, societal
perceptions and demands, and institutional and economic drivers. The qualities of these
three factors must be assessed related to the specific ecological units of scale to which
solutions will be applied. Within the framework’s governance section, a feedback loop
depicts the stages of governance: planning and design, deployment, management, and
monitoring. Each element is vital to adaptation towards change and should be iterative
based on changing stimuli. Planning and design should reflect findings from the environmental, social, and economic inputs, while deployment should ensure equitable impact
and community engagement. Governance and management of existing solutions should
include continual monitoring to ensure the effectiveness and appropriateness of deployed
solutions. If conditions such as effectiveness, equity, or appropriateness are not met, governments should return to the planning stages in assessing the inputs and developing
adaptations to solutions.
2. Materials and Methods
2.1. Study Sites
This study employed interviews with municipal employees and community leaders in
four cities in the southern United States of America. Study sites were selected according to
the state forestry agency’s urban forestry program operational districts and city population
size (see [58] for demographic information). Within each region, one site was selected
based on population size, classified by a combination of USDA and US Census population
thresholds: (1) <2500, (2) 2501–10,000, (3) 10,001–50,000, and (4) >50,000. The state’s
largest city and places with less than 500 residents were not considered within the scope
of this research. Of the population cohort for each region, a number was assigned to
each individual city and a random number generator determined which four cities were
ultimately chosen. The final cohort consisted of four cities, one for each population
classification within the four agency regions. For privacy purposes, pseudonyms are used
for each study site in reporting findings.
The four study sites contained variation in demographic and socio-economic characteristics. The City of Aurora, the largest city studied, with over 100,000 residents, has
experienced continual growth over the last decade, and had the second highest medium
income (Table 1). The City of Chandler contained a population of just under 50,000 and has
also experienced significant growth. Chandler had the highest medium income of the four
study sites. Leeds contained a population of under 5000, with a decline in population over
the last decade. It had a poverty rate of over 40% Clovis, the smallest site studied, contained
less than 1000 residents, a declining population rate, and the third-highest median income.
Table 1. Study site characteristics *.
Study Site

Population

Growth Rate (%)

Median Income ($)

Aurora
Chandler
Leeds
Clovis

100,000
50,000
5000
1000

+0.80
+5.00
−0.80
−1.70

36,000
56,000
19,000
33,000

* The statistics are approximated to protect anonymity. This information is intended to provide context with
specific demographic data not requisite to the research results or conclusions. Source: [58].

2.2. Data Collection
Data were collected using key informant (KI) interviews. KIs are individuals knowledgeable about the issue/community and were selected so as to be broadly reflective of
various interest/social groups, including municipal staff as well as homeowners [59]. In
each of the selected sites, a minimum of six key informant interviews were conducted, with
interviews in each city continuing until replicability of the data occurred (saturation). It is
important to recognize that the objective of this research was not to provide statistically
representative findings; therefore, this research did not base the sample on statistical rep-
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resentativeness. For example, unfilled informant categories for the two smallest towns
were due to a limited pool of potential participants. Regardless of the category total, data
saturation was achieved in these sites. The number of informants was inconsequential to
the findings, which were not reported based on frequency; rather, findings were reported
based on the themes’ relationship with the research objective (for a discussion on qualitative
robustness and representativeness of qualitative results, see [60,61]).
After speaking with the urban forester, city arborist, or person most involved in
tree planning, a modified snowball sample provided other local participants. Additional
community representation included individuals from, e.g., tree boards, garden clubs,
members of the news media, the real estate industry, commercial arborists, cooperative
extension, and the state forestry agency. Table 2 describes key informants. Of 59 KIs,
41 percent were female and five percent were people of color.
Table 2. Participating key informants by study site and participant group (key informant type).
Key Informant Type

Aurora

Chandler

Leeds

Clovis

Public tree manager
Municipal administrator
Private arborist
Community environmental
group member
Real estate developer
News media participant
County extension agent
State Forestry Commission
representative

12
14
12

11
14
16

1
1
0

0
1
1

14

14

2

0

15
14
11

14
12
11

0
1
1

2
0
1

11

11

1

1

TOTAL PARTICIPANTS

23

23

7

6

Interviews occurred in person and virtually in 2020 (due to COVID-19). An interview
instrument consisting of open-ended questions guided each interview. Interviews were
recorded for transcription, line-by-line analysis, and internal validation. The issues addressed were: (1) the level of importance the urban forest holds to the community, (2) how
communities perceive and prepare for disasters, (3) municipal policies and practices in
place for urban forest storm damage, (4) community attitudes towards risk management actions, and (5) the effects of tree failure risk on local lives and/or livelihoods. A combination
of analytic induction and thematic analysis was used after interviews were transcribed [62].
Analysis was informed by field notes and post-interview reflection. Using a concurrent
and iterative process, every new experience articulated by participants was evaluated
against initial themes developed in the field. As analysis proceeded, additional codes were
developed, and the initial coding scheme was revised and refined. This type of design
is appropriate for seeking to uncover emergent phenomena [63]. Relationships among
categories were identified and themes compared within and across cases. Exemplars for
each code, category, and case were likewise identified.
3. Results
Results concentrate on: (1) structure, practices, and challenges within the four study
sites; (2) participants’ perceptions of parcel-level risk management; and (3) participants’
perceptions of community-level risk management within the study sites.
3.1. Community Descriptions and Risk Mitigation Practices
3.1.1. Structure
Of the four sites, only Aurora and Chandler employed staff responsible for specific
tree regulation activities, including educational outreach to residents. In particular, Aurora
staffed two ISA-certified arborists with the titles Community Forester (i.e., urban forester)
and Arborist—Planner II. The planning arborist reviewed commercial applications and
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monitored completed projects for adherence to the tree ordinance. The Community Forester
was responsible for guiding public tree maintenance activities with work completed by city
crews or contracted parties, regulating utility pruning with work done by utility providers,
and responding to resident requests regarding city right-of-way trees. The Community
Forester spent much of his time addressing aging canopy issues and planting to increase tree
species diversity. He also addressed environmental inequality issues through community
engagement with the local university and publicly assisted populations. Both natural
resource managers worked closely with the Community Tree Board, made of resident
volunteers, from across the municipality. The Public Works Superintendent directed all
post-storm response and debris clean-up using streets and drainage crews as well as
landscape management crews, if necessary. Individuals such as the city Sustainability
Officer, Keep Aurora Beautiful Executive Director, and Landscape Administrator also
played minor roles in urban forest management through special projects such as invasive
plant removal, conservation easement developments, and planting project initiation.
Chandler employed one non-ISA-certified employee, the Zoning Administrator, who
addressed tree issues as part of the planning department. This individual reviewed commercial development submissions and performed limited services to private homeowners.
These services consisted of visual assessments of tree risk on private trees upon request
and responding to resident inquiries about tree pests and diseases. Chandler previously
employed a certified arborist with a full range of duties but removed the position due to
budget cuts. The Public Works Manager directed pruning and removals of hazard trees
along rights-of-way and on public property. Notably, the county government employed
a tree worker who was seeking professional certification; however, city and county staff
reported limited collaboration regarding tree management. Although Chandler had a
volunteer tree board, participants said it had limited input in decision-making. Of four
members, three were city employees.
Participants from Leeds and Clovis reported their cities did not employ a staff person
solely focused on tree care. Leeds’s Public Works Department maintained clearance on
roadways with approximately seven full-time staff members. The small city of Clovis
tasked two individuals to monitor and manage stormwater, traffic, and parks. The Mayor
of Clovis took responsibility for tree maintenance, directing tree cleaning and removals.
Small, limited period grants were available through the state forestry agency; however,
only Aurora had pursued this opportunity for a project related to a tree inventory.
3.1.2. Practices
Table 3 provides a summary of each community’s personnel and their associated
activities as described by study participants. Interview data suggest practices varied
considerably in intensity and frequency within Aurora and Chandler, the two cities with
the most active level of risk mitigation. In Aurora, the Community Forester regularly
performed tree risk assessments in public rights-of-way and maintained a tree inventory
of public trees. The municipality had long documented instances of public tree failures
and retained records on tree hazard mitigation success. Furthermore, city crews were
educated on proper tree pruning and lawmakers annually provided for a tree work budget.
Primary means of risk mitigation in Chandler included right-of-way pruning and dead tree
removals. The Public Works Director used Chandler Zoning Administrator as a resource
for assessing trees in questionable condition. The city appropriated an annual budget
for hazard tree removals that could not be completed in-house, and a limited windshield
survey was the primary means of hazard identification in Chandler.
Both Aurora’s and Chandler’s respective municipal codes contained tree preservation
provisions (i.e., retaining or replacing trees in construction zones, new developments, or
within environmentally sensitive areas). These ordinances were implemented to meet
goals specified in the cities’ respective comprehensive plans. Therefore, at least to some
extent, tree management, laws, and the comprehensive plan were integrated in both cities.
Furthermore, Aurora had specific canopy goals for different land uses, specifications to
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protect roots during development, and a plan for monitoring trees following construction.
In Chandler, participants reported regulations regarding root protection either did not exist
or were not enforced. Demonstrating variation between city and county governments, tree
preservation specifications were reportedly stricter in the county than within the city of
Chandler. This was notable because cities often have stricter tree ordinances due to greater
development pressure compared with county jurisdictions.
Table 3. City tree management personnel and risk management activities by study site.
Study Site

Tree Management Personnel

Risk Mitigation Activities

Aurora

Community Forester (C.A.) *
Arborist-Planner II (C.A.)
Public Works Superintendent
Sustainability Officer
Beautification Director
Landscape Management Administrator
Community Tree Board (volunteers)
Streets & Drainage crews
Landscape Management crews

Maintain city tree inventory
Conduct basic tree risk assessments
Prescribe preventative pruning activities
Respond to requests for public tree assessments
Conduct private property outreach/assessments
Monitor right-of-way and utility pruning cycles
Document tree failure rates
Contract for hazard tree removals
Remove storm debris affecting rights-of-way
Enforce tree ordinances before, during, and after
development activities

Chandler

Zoning Administrator
Public Works Director
Sustainability Manager
Tree Board
Public Works crews

Conduct basic tree risk assessments upon request
Respond to requests for public tree assessments
Provide private property outreach/assessments
Conduct right of way/utility pruning cycles
Contract for hazard tree removals
Remove storm debris affecting rights-of way

Leeds

Public Works Manager
Public Works crew

Conduct right of way/utility pruning
Conduct limited visual assessments annually
Respond to requests for public tree assessments
Contract for hazard tree removal
Remove storm debris affecting rights-of way

Clovis

Mayor

Respond to requests for public tree assessments
Request state Department of Transportation for
pruning/hazard response on state roadways

City maintenance crew
* C.A.—ISA Certified Arborist.

Risk mitigation practices in Leeds and Clovis were less comprehensive compared
with their counterparts. Municipal tree care consisted of limited visual assessments for
clearly visible hazards as well as the removal of fallen branches from roadways. No local
ordinances regulated tree care, maintenance, or removals. Municipal staff noted that very
little funding was allocated towards landscape maintenance in these cities. The Public
Works Manager assessed tree hazard issues throughout the city of Leeds during winter
months and occasionally requested an allocated budget for hazard tree removals. The
municipal administrator in Leeds claimed that the city owned minimal public property
containing trees, making tree risk mitigation a rare task on public land. Rights-of-way
management were either transferred back to private citizens or informally released by
the city for residential maintenance. In Clovis, participants said municipal staff allowed
trees to fail, even when notified of dead or diseased trees beforehand. A state highway
acts as the Main Street in Clovis, making utility line clearance the primary tree management activity performed by the State Department of Transportation (GDOT) upon the
municipality’s request.
3.1.3. Challenges
All four communities struggled with efficiently managing their resources according
to the volume of annual public tree maintenance. The number of staff, their training, and
equipment were often a factor of community size (and therefore tax base), as were the
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associated budgets for maintenance activities such as tree risk reduction. As illustrated in
the interview excerpts below, key informants noted these challenges when assessing their
municipality’s risk management activities.
So I hate to sound like every other government person that’s talked about resources, but the reality is that our tree budgets have not increased in 15 years.
And what they used to buy, they buy a lot less of from the inflation of services.
Forty thousand dollars used to get you 30 to 40 tree removals. It now gets you 15
maybe.
(Municipal administrator, Aurora)
I think that comes down to resources and time. I also think if it was widely
advertised that there was a [city forester], they’d probably need three [of them to
meet demand]. I don’t think the county could afford that either.
(Community environmental group member, Aurora)
The second excerpt suggests that residents recognized funding and time as barriers to
effective tree care programs. Participants who were not municipal staff also acknowledged
tree maintenance competes with higher priority municipal functions for resources. Tree
program services were neither fully staffed nor made known to the public as a core public
service. Nevertheless, participants noted public interest in increasing the number and
visibility of tree program services.
3.2. Resident Perceptions and Actions to Reduce Tree Risks on Private Property
3.2.1. Responsibility for Risk
Study participants consistently referred to land ownership when discussing responsibility for tree risk mitigation in the urban forest. The findings suggest inconsistencies in
attitudes about tree maintenance depending on the unit of scale.
From my own experience, I don’t see a lot of people taking initiative or caring
as much about the trees that are directly in their backyard or on their street.
They’re going to gravitate towards the places that are maybe government-owned
or publicly-managed or privately owned or whatever—the places that other
people have to take care of, rather than putting in the effort to take care of the
space in their own neighborhoods. But then I think that also goes into the issue
of depending on who owns the land, what happens to that land can like be
drastically different.
(News media participant, Aurora)
As described above, participants reported variations in tree maintenance expectations
based on whether the tree was a publicly owned tree versus a privately owned tree. They
tended to perceive homeowners having less responsibility for private trees compared
with the city’s responsibility for managing public trees. Participants seemed to think
residents were unable to distinguish the legal expectation for managing trees with an
ethical responsibility for managing tree benefits and risks. The dilemma of environmental
management on private property is a common issue in the United States of America and
is evident at many management scales in various natural resource fields of study. In
this study, discussions about the ownership of risk focused on the constructs of public or
private property and the responsibilities each carry. Participants rarely acknowledged the
collective actions of private individuals in contributing to community risk vulnerability.
Reflecting one of the few exceptions, a private arborist in Chandler said, “You try to get
people to understand that yes, you’re all part of the big forest and if you preserve your
trees, it’s better for everybody.”
To some extent, participants associated interpretations of collective, or community,
risk with the failure of municipalities to communicate risk to the public. The participant
below explained that the property rights dilemma had much to do with this lack of
communication.
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Urban tree risk, in my mind, is a shared responsibility. There is the requirement
for the municipality to be responsible for trees in their rights of ways and to
educate the population about trees on their property—which they refuse to do
because the residents don’t want the government telling them what to do.
(Public tree manager, Chandler)
As a whole, attitudes towards a safe and healthy tree canopy were rarely communicated unless referring to municipal actions on public or right-of-way trees. The public tree
manager above, and perhaps residents in general, seemed to conflate the communication
of tree risk and its associated mitigation with government interference. This is a common
challenge of effective risk communication, regardless of whether it applies to natural resource management, health care, finance, education, or other industries. This finding also
reflects the tendency of people to be more likely to accept voluntary risks and less likely to
accept risks they perceive as involuntary.
3.2.2. Factors Contributing to Failure to Mitigate Risk on Private Property
Findings suggest that residents think very little about tree risk on their private properties until an event occurs that makes tree care noticeably relevant. According to private
arborists and public tree managers alike, tree assessment requests significantly spiked after
storm events, most notably in the areas where damage occurred. One public tree manager
in Aurora said, “Those calls [tree hazard mitigation requests] do get a little bit greater after
a big storm . . . But they kind of fade into the background the following week and we get
our standard level of stuff after that.” As the fear and relevancy of tree damage decreased
over time, so did resident requests for treatments. Interview participants said relatively
few residents took preventative measures to care for their trees in times of calm weather,
minimizing their influence on the likelihood of tree failure.
Well, I don’t think they really take a look until there’s something wrong. [laughing] You know, nobody’s going to really pay attention until something happens.
(Community environmental group member, Chandler)
The immediacy of a hazard forced residents to acknowledge the potential for danger
from their trees, something they may not have considered during calm weather. Either the
need to check for tree defects was not apparent to property owners or this responsibility
was ignored until damage occurred.
Although a number of explanations suggest why homeowners did not address tree
risk on their property (e.g., lack of knowledge about trees and imperceptible damage),
participants often cited the cost of ongoing care (e.g., pruning and pest management) for
large, mature trees as a deterrent to mitigation. One private arborist compared tree care
with turf management:
It’s sad because a lot of what we do is relatively expensive, versus like, getting
your lawn sprayed. For $35 to $50 bucks six times a year, you got a good-looking
lawn. When it translates into trees, it’s usually less frequent but more expensive.
(Private arborist, Chandler)
In his explanation, visual preference was likely a primary driver of homeowner
behavior regarding purchasing services. Often, tree care is not obvious or immediately
observable to laypersons who may want immediate results; as such, the value of the service
may be obscured. A municipal administrator in Aurora said, “We’re trying to educate
people [that] trees have a lifespan, and even though it’s a huge, beautiful tree, it [can]
become[s] unsafe.” Rather than investing in long-term tree maintenance, homeowners
more frequently paid for the removal of a tree after a storm event. Tree service firms may
or may not discourage removal, a key income generator for many companies.
In contrast to visual benefits, interpreting and acting upon the likelihood that a tree
located close to a home could cause damage was more difficult for residents. Along with a
lack of knowledge, such probability biases often led to inaccurate judgements.
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I’ve had a number of people say to me, “Hey, I had a tree fall and hit my house.
I’m going to cut every tree within 60 yards of my house down.” So that’s definitely
something I’ve heard more than I’d like to.
(Public tree manager, Leeds)
This excerpt suggests that many homeowners overestimate the likelihood that a tree
may fail based on the proximity of their home, not on the health of the tree. Personal
variation in acceptability of risk was recognized by public and private tree care workers
as a motive for entire tree removal versus long-term maintenance. Participants noted that
residents’ life stage also appeared to impact their perception of risk, with elderly residents
more likely to request tree removals.
A second factor impacting risk mitigation on private properties was laypersons’
assumption that trees do not require maintenance. For instance, a private arborist in
Aurora said:
Because most people can point out a dead tree, but a lot of people can’t figure
out that [although] the tree is green and healthy and looks great, it’s a ticking
time bomb waiting to break at the base because of this cavity you can’t see for
the vines that are growing around it.
Potential signs of failure were not widely known among residents. Participants noted
that residents tended to define tree health based on the development of spring leaves.
Residents often neglected to look closer for signs of tree risk due to a lack of knowledge
and skills. This was probably compounded by the tendency to take trees for granted in the
southeastern United States of America, where climate and soils encourage tree growth and
trees surround communities (e.g., parks, natural woodlands, and pine plantations).
In addition, some participants observed that plantings (such as the annual municipal
Arbor Day celebration) were the primary way residents interacted to benefit the urban
forest. Little subsequent attention or additional training was given once trees were planted.
It sometimes can be bad because folks really are so interested in trees that they
sometimes only see planting trees as a positive. They don’t really recognize how
the maintenance of trees is so important.
(Municipal administrator, Aurora)
Ongoing care after community tree plantings tended to be left to municipal employees
on public property or “mother nature” on private properties. Early care and ongoing
maintenance were not common experiences for private individuals. A public tree manager
remarked: “Tree maintenance is just as important as house maintenance . . . It’s just that
people (A) don’t want to spend the money, but (B) maybe do not know about it.”
3.3. Resident Perceptions and Actions to Mitigate Tree Risk at the Community Level
3.3.1. Values and Behaviors towards Public Trees
Residents’ values towards the urban forest centered around aesthetics and shade.
Regardless of the study site or key informant type, participants cited aesthetics as the
primary benefit of city trees. Trees enhanced the livability of these communities and
provided a sense of place.
I think the biggest thing is aesthetic beauty of a town. It looks more genuine,
more welcoming if you have a mixture of plants and trees. Just going in and
doing a cityscape with nothing but concrete, is not something anybody will—It’s
just not appealing.
(Real estate developer, Chandler)
I think shade and making the area attractive to want to be in, to spend time in,
is actually one of the most important benefits. And I think that’s what people
appreciate [here].
(Community environmental group member, Aurora)
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Although a majority of properties containing the collective urban forest belonged to
private owners, citizens perceived canopy trees as public resources that contributed to
their city’s sense of place. In Aurora and Chandler specifically, where more development
and land clearing activities occurred, individuals or interest groups put pressure on those
developments that appeared to subtract the value of the urban forest.
When you go to an area and there isn’t trees and there’s a lot of development
. . . it just doesn’t feel right. It doesn’t look right. So I think having those trees, it
provides shade, it provides the buffers between properties, it provides ambiance
and a feeling—this may just be perceived but I think you feel healthier when
you’re around trees in your environment, when they’re there and they appear to
be healthy. You know there’s birds—there’s things that there’s supposed to be.
So, I think that’s a good thing.
(Real estate developer, Aurora)
In Leeds and Collins, which had very limited development, participants nevertheless
expressed the value of trees within their respective community contexts. Trees were
described as contributing to both the towns’ and surrounding landscapes’ unique sense
of place.
I would think that they would want a piece of property that is not stripped out.
That to me is the ideal country living. Where you’ve got pecan trees or oak trees
or pine trees and a pond or a field to plant a garden in. I do feel the trees are
important in that rural area.
(Real estate developer, Clovis)
I think most people don’t appreciate some of the things we like to talk about,
like traffic-calming and carbon sequestration and stuff like that. Definitely, [they
appreciate] more of the aesthetic value [of the urban forest]—what it brings to
the community and feeling like they’ve taken care of the town appearance. [It’s]
more of a sentimental aesthetic value than anything else in these small towns
with trees.
(Public administrator, Leeds)
The degree to which other ecological services impacted community value for the
urban forest varied by interest group within each city. Many participants that referenced
the social, environmental, and economic benefits of the urban forest commented that these
services did not resonate with residents in an action-evoking way.
3.3.2. Risk Governance
Findings revealed that participants felt residents were comfortable ceding responsibility for collective tree risk mitigation to their local municipality. This contrasted with
the municipal desire for cooperation from private property owners. All four sites demonstrated a lack of community feedback as long as hazard response services ran smoothly.
Participants did not describe residents as expressing a desire for additional engagement
in municipal tree management and risk mitigation. Nevertheless, study participants in
all communities said citizens expected a prompt response to their calls to local government about hazardous public trees. Again, the motivation for the call was often related to
aesthetic cues.
The biggest response is they want it cleaned up. [chuckles] As far as the debris
and things . . . if it’s a fallen tree, get it cleaned up and get it out of the way.
(Real estate developer, Chandler)
The ability to remove tree debris and restore a street, park, or neighborhood’s appearance played a strong role in residents’ positive perceptions of municipal tree risk
management. The shorter the length of time a failed tree remained in a right of way or
park, the more efficient public tree managers appeared to residents.
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A number of interview participants who were not tree managers suggested improvements to their city’s risk management. Example improvements included burying utility
lines to reduce the likelihood of tree and utility line conflicts, revising ordinances to require
broader tree protection standards, and instituting incentives towards community tree care.
Despite articulating these ideas in interviews, few had communicated them to their local
government, further suggesting challenges with resident engagement.
Local governments were likewise unlikely to engage with the public when developing
solutions to improve management of the urban forest. Participants employed by city
governments provided applications of adaptation in urban forest management in all four
cities when faced with scarce resources. Examples of agency and flexibility were evident
through interdepartmental collaboration when addressing hazards in light of limited
funding, development impacts, and risk identification.
Our stormwater inspectors are on site on these commercial projects fairly regularly. I’ve got good communication with those folks. They have been more
and more proactive about it; I really have to commend them. Even if it’s just
something of, “Hey, we need you to come out here and take a look at this.”
“Maybe everything’s okay but come out here and take a look.” And so those folks
have been great. They’re generally my eyes because I don’t go out on site and
inspect sites until they’re done.
(Public tree manager, Aurora)
The benefits of interdisciplinary collaboration were evident in Aurora and Chandler,
where tree management spread effectively across two or more departments. Aurora
showed flexibility dealing with budget constraints when mitigating immediate instances
of tree risk, while both Chandler and Aurora built internal relationships to accomplish
cross-departmental goals. No participants in either city discussed conflicts with shared
expectations and responsibilities about trees.
In some cases, municipalities incorporated urban forest improvements into broader
socio-ecological contexts. Aurora notably showcased a culture of asking questions and
applying innovation when approaching social and ecological dilemmas, for example, in
examining the equitable management of public tree resources. However, these adaptation
practices occurring within city governments were not communicated back to the community at large. Cities were more likely to focus their tree program communication on the
positive aspects of the urban forest such as tree plantings than risk management actions
such as removals.
I do think the city, if they could do anything better, it might be that they could
help educate me better so that people like myself could pass it along. Maybe tap
people on the shoulder so that there are business leaders inside the city, so that
we could make sure that we pass that on to everybody else.
(Real estate developer, Chandler)
4. Discussion
This research addresses a need in urban forestry research regarding the intersection
of urban forest risk management and community perceptions of tree risk [45,64]. A large
body of work exists that focuses on community-level mitigation of natural disaster risk,
such as wildfire and flooding. However, there are few studies that focus on the context of
perceptions and community mitigations of risk of tree failure (one exception is [65], who
assessed the use of the tree risk assessment model by professionals and a specific resident
group of volunteers). To this end, a primary finding in this paper was the reported nuanced
differences in perceptions about tree risk management on private property compared with
the community as a whole.
This discrepancy between private property versus the community level of risk management impacts community vulnerability [51]. Without planning and implementing
tree risk mitigation on the community level, recognizing the impact of climate variability,
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community perceptions, and economic opportunities and challenges, communities are
leaving themselves open to higher vulnerability. A community with high tree canopy
coverage faces higher risk probabilities if they are not managing for tree health and human
safety compared with its counterpart. By contrast, a community that reduces their canopy
coverage to avoid tree risk contributes to other vulnerabilities associated with the absence
of benefits that trees provide to the local community, ecosystem, and economy. A balance
must be achieved between appropriate proportion of tree canopy coverage and ability to
adequately manage and maintain that canopy.
This research responds to Klein et al.’s [43] call for research on how municipal tree care
workers communicate risk in the urban forest. Findings from our research confirm that risk
communication from municipalities is often lacking, an issue when considering resident
limitations in assessing and acting on signs of tree risk. Private property rights, which are a
function of local culture and structure, was the most commonly identified explanation for
this disconnection between responsibility for the urban forest and personal convenience
when managing personal trees. As private land comprises the majority of ownership in
most U.S. cities, risk reduction on private property is an important component of building
community resilience and reducing vulnerability. Individual maintenance of trees within
the urban forest impacts not only personal safety for residents but also affects public safety
when hazardous tree or limb failures interfere with public rights-of-way, utilities, and
neighboring properties. Fay [42] suggests that the arboriculture profession should take a
leading role in connecting community and municipal goals towards risk mitigation and,
therefore, bridging the property rights gap identified in this research.
Urban Forest Management
In the wake of climate variability and increased urbanization, effective tree risk
management is an increasingly important element of urban forestry governance in cities.
However, limitations such as funding, personnel capacity, and public communication were
found to be evident in this study, thus confirming previous research on challenges cities face
in managing their urban forests [13,14,16]. Although urban forest programs can function
effectively regardless of community size [43], these findings also reflect that the addition of
resources, policies, and staffing towards city trees is positively associated with city size and
urbanization [33]. Although the tax base facilitates improved tree management resources,
efficient budgetary approaches and prioritization of community needs, in combination
with resident engagement, may also improve municipal tree management, regardless of
city size.
Socio-ecological resilience was explored at all four sites based on their ability to selforganize, learn, and adapt throughout periods of minimal and maximum disturbance [52].
In applying EFI’s Urban Forest Based Solutions resilience framework [51], findings showed
that Aurora applied elements of addressing the social, environmental, and economic inputs
when developing governance strategies towards an ever-changing urban forest. While
they were most likely to have a pulse on various community groups’ attitudes towards
the urban forest and retained records to monitor success, they still faced the challenge of
balancing equitable tree management and public engagement with the local government
in addressing risks. Chandler showed elements of resilience when using interdepartmental
collaboration towards risk identification and tree management but lacked attention towards
monitoring for success and opportunities for adaptation. The strengths of Clovis and
Leeds came from the direct access community members had to decision-makers in each
city, making the communication of societal perceptions and demands less convoluted
than in Aurora and Chandler. Although none of the four cities experienced a recent
catastrophic natural disaster that would clearly test their level of resilience, KIs in all four
locales expressed experiences with damage from weather events, making risk mitigation a
relevant priority.
The EFI framework was useful in assessing city resilience in each government of this
study, incorporating the three pillars of sustainability (environment, society, and economy)
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as inputs towards inclusive, appropriate, and iterative governance towards the urban forest.
However, the framework lacked the capacity to address bottom-up resilience building
within each community [66]. An opportunity exists for a complementary framework,
exploring community agency and its intersection with municipal actions in pursuit of
urban forest resilience. The disconnect between community perceptions towards public
versus private risk mitigation lacks a framework for outlining community-led resilience.
Theoretical frameworks describing community-driven risk and resilience, such as wildfire
and technical disaster research [30], may prove beneficial in this case. Incorporating diverse
populations and social groups in private sector solutions to tree risk mitigation would
likewise incorporate a greater level of inclusivity and diversity in approaches, increasing
resilience at the individual and community scales [27].
A connection also arose between residents’ attitudes towards the urban forest and
municipal adaptation. Although, on the surface, participants characterized their communities as appreciative of urban trees, the specific expectations of each community varied and
indirectly influenced urban forest management. The most resilient communities influenced
municipal tree activities through the positions, ordinances, and resources they supported.
The expectations and allowed innovative flexibility of each community towards their municipal government appeared to be associated with the quality of urban forest management,
validating the EFI resilience framework.
To address financial limitations discussed by participants, adaptive programs cited
exploration into alternative sources of funding, such as community fundraising, grant
applications, and cost-sharing partnerships. For example, resilient communities could be
more aggressive in leveraging tree assessment data for grant funding through the state
forestry agency grant program. Community members were brought into this process,
bringing awareness to the tree activities in cities who practiced diversity in funding.
However, it is notable that risk mitigation was not a part of the publicly communicated
narrative around these activities, even when the funded activity included risk reduction as
a goal.
5. Conclusions
To address the need for increased private property engagement towards risk management, long-term solutions for enhanced community tree knowledge and improved decision
making should be applied. Furthermore, this should be paired with direct approaches
to developing a broader audience of laypeople with the agency to identify signs of risk
on their own properties [67]. Addressing community groups and shared social sectors
for direct engagement with citizen groups who share similar interests [68]. For example,
neighborhoods or homeowners’ associations, business- and homecare-related professional
associations, or community groups/nonprofits would be effective social groups to engage
in tree risk mitigation campaigns.
A lack of access to affordable tree care was also addressed in this research as a hindrance to tree maintenance on private property. Local governments may have knowledgeable tree managers on staff, the workforce capacity or equipment to complete tree work,
and the funding to remove immediate hazards, but homeowners often lack one or more
of these resources [26]. Tree care affordability is a factor of market demand for services
and price set by individual companies, with professional qualifications and safety-insured
businesses often costing more. By informing citizens of the benefits of early tree care (for
planted and ingrown trees) on long-term tree health and growth, a more accessible and
affordable system of tree care can be pursued over the tree’s lifespan [41]. Municipalities
with strong urban forest values and existing programs could be the first to communicate
these strategies of tree maintenance, but private tree care companies could play a role
as well [42]. Several professional tree care companies involved in our study commented
on informing clients of tree maintenance options rather than total tree removal (when
appropriate). Municipalities share the responsibility of educating the public with the
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tree care industry as they likewise have much to gain economically from a healthy and
well-maintained urban forest.
When planning for public engagement towards the urban forest, many programs
already exist within communities that support and enhance the urban forest directly or
indirectly. This engagement, and the perceptions it impacts, is crucial because perceptions
of tree risk and management can be different from those of other ongoing city projects but
may influence the effectiveness of urban tree policies and implementation. The results
from this study and others [7,68–70] demonstrate that tree programs typically focus their
community involvement on planting trees and educating youth and adults about tree
benefits. However, urban trees’ future requirements and possible problems must be part
of educational content as well. This may be incorporated into tree planting events or
standalone activities. For example, measuring tree growth and crown spread can be an
annual community task worth celebrating. Conducting beneficial maintenance tasks such
as mulching or fertilizing trees can be advocated by institutions. The knowledge and
experience that practices such as this bring to communities reduces uncertainty and unease
with tree care decisions on private properties [71]. The urban landscape can be a difficult
place for trees to thrive, so a community that practices socio-ecological resilience is one
that incorporates the full life cycle of trees into its urban system, which includes humans.
Finally, findings on laypeople’s attitudes and behaviors towards ambiguous tree risk
and the lack of direct actions taken to mitigate those risks warrant future study. These
findings are not unique to tree risk but speak towards a larger human pattern of risk
prioritization of unknown or limited topics of knowledge [48]. More research is needed
to understand what the thresholds of tree risk knowledge are for the average citizen and
to identify effective tree risk communication and policy strategies. Adaptation should
be applied as to how municipalities and tree-related agencies on multiple scales (e.g.,
professional tree care associations, state forestry commissions, national environmental
groups, and others) can reduce the ambiguity associated with identifying tree hazards prior
to irreversible tree decline [20]. More research into how communities can be incorporated
into the risk mitigation narrative also needs to be explored. Future research should address
researchers’ perceptions and biases towards risk and risk mitigation (see [72]).
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