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Chapter 1: Introduction
In the northeastern United States, the most common cause of power outages is from trees
coming into contact with overhead power lines during storm events (Cieslewicz & Novembri,
2004). It has been estimated that 90% of storm-related power outages in the Northeast are caused
by trees (Eversource, 2016; McGee et al., 2012). Storm-related power outages cost the US
economy up to $55 billion annually, through damage to infrastructure or perishable goods,
downtime for businesses, and lost manufacturing production (Campbell, 2012). Widespread
power line damage caused by trees is a particularly prominent issue in the Northeast because
dense development is intermixed with dense forest cover. For example, the state of Connecticut
is ranked as having the sixth highest population density (285 people/km2; U.S. Census Bureau,
2013) and fifth highest percentage of tree cover (72.6%; Nowak & Greenfield, 2012) among all
U.S. states. Research suggests that the number of storm-related power outages will increase
(Campbell, 2012) with an expected increase in the number and intensity of extreme weather
events (Reidmiller et al., 2018).
To reduce the risk of tree-caused power outages, utilities carry out vegetation
management, defined as the pruning or removal of trees, shrubs, and other vegetation that pose a
risk to the reliability of utility infrastructure, and the retention of trees and shrubs that are
compatible with utility infrastructure (State of Connecticut, 2014). Vegetation management takes
place on a regular basis across the landscape (typically in 4-5 year cycles; Eversource, 2016),
wherever trees and vegetation are in close proximity to overhead power lines. Vegetation
management must comply with multiple authorities (Cieslewicz & Novembri, 2004), including
government entities (e.g., Connecticut’s Public Utilities Regulatory Authority, local tree
wardens) and individual property owners (may disallow tree work on their property). In order to
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satisfy the requirements of these authorities and respond to the desires of their customers,
utilities can benefit from understanding public perceptions of vegetation management practices
(Shindler, Brunson, & Stankey, 2002).
Vegetation management is especially challenging because it must mitigate the tradeoffs
between providing reliable electric power and preserving roadside trees (H. W. Schroeder, 1989).
Research has shown that residents generally prefer settings with roadside trees (H. Schroeder,
Flannigan, & Coles, 2006; Weber, Kowarik, & Säumel, 2014; Wolf, 2003). Roadside trees are
not only perceived to improve the aesthetic quality of streets, but also provide ecosystem
services, such as improving air quality, providing habitat, reducing storm water runoff, and
regulating temperature (e.g., moderate urban heat island; Bolund & Hunhammar, 1999; Silvera
Seamans, 2013). Preferences exist for larger, taller trees (Conway & Bang, 2014; Wolf, 2003),
which are also the trees more likely to conflict with overhead power lines (H. W. Schroeder,
1989). Respondents to one survey disagreed that large trees should be removed and replaced
with small trees under power lines (Kuhns & Reiter, 2007). Thus, with widespread preferences
for roadside trees, people may not want vegetation management to trim or remove trees, and
relations between the public and the utility may be challenging (Johnson, 2008).
Across the landscape, residents may have different perceptions of vegetation
management depending on where they live. Residential locations play an important role in the
way people interact with both society and the natural world (S.W. Lee, Ellis, Kweon, & Hong,
2008). Place of residence is especially relevant to the management of natural resources, because
residents in different places may have different perceptions of how natural resources should be
managed (Racevskis & Lupi, 2006). People’s judgements may be specific to the context where
management is taking place (Brunson & Shindler, 2004). Attitudes toward vegetation
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management may be associated with interrelated landscape factors at multiple scales; including
fine-scale biophysical characteristics (i.e., nearby trees; Davis & Jones, 2014), or the greater
societal perspective of development density (i.e., urbanization; Weeks, Larson, & Rashed, 2003).
In Connecticut, three severe storms caused widespread power outages throughout the
region in 2011 and 2012 (Hurricane Irene, Winter Storm Alfred [i.e. ‘the October Snowstorm’],
and Hurricane Sandy). Following the storms, in accordance with recommendations in a report on
the storm damage (McGee et al., 2012), utility companies substantially increased their vegetation
management efforts. However, many residents were opposed to this new aggressive tree
trimming and removal, and successfully advocated for stricter regulations on vegetation
management (Dowling, 2014; Public Utilities Regulatory Authority, 2014; Skahill, 2014). Thus,
understanding public attitudes toward vegetation management may help to improve relations
between stakeholders with different perspectives, foresee possible conflicts, and allow for
adaptation of roadside forest management policies and practices (Olander & Landin, 2005).
However, there is little research on public perceptions of utility vegetation management
(Johnson, 2008; Kuhns & Reiter, 2007; Priestley & Evans, 1996; H. W. Schroeder, 1989; Zhang,
Hussain, Deng, & Letson, 2007), and none to our knowledge that relates this to the landscape
context.
The overall goal of this study was to better understand resident attitudes toward roadside
utility vegetation management by assessing both social and landscape factors among Connecticut
residents. To collect data on resident attitudes, I mailed a survey questionnaire to households in
two study areas, one in eastern and one in western Connecticut. Each study area was designed to
span across urban and rural areas in order to examine how differences in household contexts are
related to attitudes toward vegetation management. The household locations of survey
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respondents were geocoded, and landscape characteristics were measured around each
household. In chapter 2, I used a machine learning approach to evaluate how social and
landscape factors are associated with resident attitudes toward vegetation management. In
chapter 3, I examined attitudes toward vegetation management across the urban-rural gradient. I
used principal components analysis to reduce the number of landscape variables (measured at
multiple scales) into their underlying dimensions, creating variables that represent the urbanrural gradient. I then examined the interrelationships between the urban-rural gradient, social
factors, and attitudes toward vegetation management. Finally, in chapter 4, I provide general
conclusions on the human dimensions of roadside vegetation management in Connecticut.
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Roadside Vegetation Management

DANIEL C. HALE1
ANITA T. MORZILLO1

1
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Abstract
Context

For the roadside forest, utility vegetation management is a driver of landscape

change that involves tradeoffs between reliable electric power and preservation of trees. Little is
known about public perceptions of vegetation management in the landscape context.
Objectives

Our objective was to evaluate landscape characteristics and social factors

associated with resident attitudes toward roadside utility vegetation management across
Connecticut.
Methods

We used a mail survey to collect social science data from residents in two study

areas in Connecticut. We measured landscape characteristics associated with tree cover and
development density at multiple scales around each respondent household. Random forest
predictive models were used to assess attitudes toward vegetation management as explained by
landscape and social factors.
Results

Respondents generally had positive attitudes toward vegetation management,

agreeing that it improves public safety and minimizes power outages. Social variables revealed
that residents were more likely to have positive attitudes if they had greater knowledge about
trees, believed that trees should be used for human benefits, prioritized reduced power outages
over forest aesthetics, and considered changes in the roadside forest to be acceptable. Attitudes
were not as strongly associated with landscape characteristics.
Conclusions

Attitudes toward vegetation management are likely formed by residents in a

manner independent of landscape context. Such information is useful for developing strategies to
manage stakeholder conflict regarding the roadside forest.

Key words: Attitudes, Human Dimensions, Landscape Ecology, Random Forest, Roadside Forest
Management, Vegetation Management
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Introduction
The roadside forest, described as all trees and vegetation along all types of roads, on all
types of land ownership, across the urban-rural gradient (Hammerling 2012), is a large, complex,
and heterogeneous socioecological system. The roadside forest is demarcated as the area that
spans from the road to the distance at which a mature tree could fall and impact the road or
utilities (Hammerling 2012). Given that people spend a significant amount of time travelling on
roads (Weber et al. 2014), the roadside forest is an important interface at which humans perceive
and experience nature (Akbar et al. 2003). Research on the roadside forest has focused on the
influence of trees on traffic safety (Wolf and Bratton 2006; Mok et al. 2006), the impact of roads
on ecological systems (Forman and Alexander 1998; Spellerberg 1998; Delgado et al. 2007;
Mcdonald et al. 2009; Spooner 2015), public perceptions and visual preference for roadside trees
(Hull et al. 1987; Wolf 2003; Akbar et al. 2003; Garre et al. 2009), and ecosystem services
provided by roadside trees (Silvera Seamans 2013; Salmond et al. 2016). However, there is
limited knowledge about perceived tradeoffs of roadside trees at the landscape level regarding
both benefits (e.g., community character and ecosystem services) and risks (e.g., to public safety
and infrastructure), and across the urban-rural gradient. Without understanding people’s
assessments of these tradeoffs, management of the roadside forest may not be responsive to
public concerns.
Utility vegetation management along overhead power lines is a major driver of roadside
forest structure and dynamics. Utility vegetation management is defined as the pruning or
removal of trees, shrubs, and other vegetation that pose a risk to the reliability of utility
infrastructure, and the retention of trees and shrubs that are compatible with utility infrastructure
(State of Connecticut 2014). The goal of roadside vegetation management is to prevent power
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outages caused by tree contact with power lines, which is the leading cause of outages,
particularly during extreme weather events (Cieslewicz and Novembri 2004; Campbell 2012).
Tree-trimming crews perform vegetation management along all applicable power lines, typically
in 4-5 year cycles (e.g., Eversource, 2016). In order to comply with various authorities, including
individual landowners (i.e., may disallow tree work on their property), utility companies must
balance between reducing the risk of tree-related power outages and minimizing the loss of trees
(Cieslewicz and Novembri, 2004; Schroeder, 1989).
With public appreciation of the ecological, aesthetic, and cultural benefits provided by
roadside trees (Akbar et al. 2003; Dixon and Wolf 2007; Fathi and Masnavi 2014), there is an
ongoing challenge when stakeholder preferences for preserving trees conflict with utility goals of
reliable power. For example, a majority of respondents in one survey indicated that they thought
urban trees were highly important and utility pruning harms tree aesthetics (Kuhns and Reiter
2007). Elsewhere, transportation agency managers conveyed that public relations was the most
challenging aspect of roadside vegetation management (Johnson 2008). Schroeder (1989)
suggested that the task of vegetation management is particularly complicated because people
especially like tall trees, which are most likely to interfere with power lines. Kuhns and Reiter
(2007) found that respondents slightly disagreed that large trees should be removed and replaced
with small trees under power lines, but elsewhere attitudes toward vegetation management
improved following a program in which large trees that interfered with power lines were
replaced with shorter statured tree species (Flowers and Gerhold 2000). Still, there is relatively
little information on public attitudes toward vegetation management and perceptions of tradeoffs
between reliable power and trees. Further, research is limited on the social factors associated
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with attitudes toward management, and to our knowledge, no research examines how locational
context is related to attitudes toward vegetation management at the landscape level.
Here we study public attitudes toward utility vegetation management at the landscape
level using a social survey instrument mailed to Connecticut residents located across a gradient
of development densities. Utility infrastructure in Connecticut is particularly vulnerable to treerelated power outages because of the state’s high population density (6th among US states; 285
people/km2; U.S. Census Bureau, 2010), high amount of forest cover (5th among US states;
72.6% tree cover; Nowak and Greenfield, 2012), and coastal location susceptible to nor’eastertype storms. Connecticut also has the greatest proportion of Wildland Urban Interface among US
states (65.6%; Martinuzzi et al. 2015), with 72% of forested land within 300 meters of a road
(Butler et al. 2011). In 2011 and 2012, three major storms (Hurricane Irene, Storm Alfred [i.e.
‘the October Snowstorm’], and Hurricane Sandy) caused extensive tree damage and widespread,
prolonged power outages statewide. Following these storms, increased vegetation management
efforts elicited resident concern that the management was overly aggressive, resulting in new
laws and regulations (Public Utilities Regulatory Authority 2014; Skahill 2014; Dowling 2014).
These concerns, and their variation across the landscape have yet to be assessed.
Our objective was to evaluate how social and landscape factors are associated with
resident attitudes toward roadside utility vegetation management. To address our objective, we
integrated social survey data, spatial analysis, and a machine-learning approach to measure and
analyze attitudes toward vegetation management and associated social and landscape factors. We
hypothesized that social factors would be more strongly related to attitudes toward vegetation
management than landscape factors. We based this hypothesis on a body of research that
illustrates the importance of social factors in aiding the understanding of public attitudes toward
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natural resource management (e.g., Morzillo et al. 2010; Jones et al. 2012). One such paper
found that attitudes toward utility tree pruning and removal were linked to knowledge about trees
and socioeconomics (Kuhns and Reiter 2007). Research linking public perceptions to landscape
factors is less common. Broadly, different residential settings and lifestyles across the range of
development densities are associated with differences in perceptions of the environment
(Tremblay and Dunlap 1978; Berenguer et al. 2005) and resource management (Salka 2001;
Racevskis and Lupi 2006). In urban areas, residents tend to value tree cover highly (Schroeder
and Ruffolo 1996; Shakeel and Conway 2014), for reasons such as beautification and ecosystem
service provision (Bolund and Hunhammar 1999; Silvera Seamans 2013). In contrast, residents
in rural areas with abundant trees may favor some tree management or removal (McDonald and
Litton 1998; Jorgensen et al. 2002; Sander and Polasky 2009; Ritter 2011).
Methods
Survey data collection
Social science data collected for this analysis focused on four items: (1) attitudes toward
vegetation management, (2) knowledge about trees and wind resistance, (3) vegetation
management preferences, and (4) background information including value orientations and
socioeconomics. These data were collected using a mail survey in two study areas (East and
West; Fig. 1) that were delineated based on interviews and focus groups with utility employees
and designed to span the urban-rural gradient. The sampling unit was the individual household,
and the sampling frame included all residential street addresses within the extents of the study
areas. Street address information was purchased from Marketing Systems Group (Horsham, PA),
which compiles sampling datasets from U.S. Postal Service delivery sequence files. Post office
boxes, mail drops, vacant houses, and seasonal homes were excluded from the sample in order to
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focus sampling on single-family owner-occupied households (i.e., residents more likely to be
involved with property decision-making about trees; Shakeel and Conway, 2014). The total
number of surveys mailed was 3600 (East = 1800; West = 1800), based on expected response
rate and desired sampling error of α = 0.05 (95% confidence interval; Bartlett et al., 2001; Vaske,
2002). Within each study area, our sample was divided equally between Urban and Rural strata,
using 2010 Census Urban and Rural Classification (Department of Commerce, 2011). The
University of Connecticut-Storrs Institutional Review Board granted permission for use of
human subjects (IRB # H16-007).
<Fig. 1>
Surveys were mailed in winter 2017. A modified version of the Dillman Tailored Design
Method (Dillman et al. 2008) was used to increase response rates via: (1) a pre-notice postcard
introducing the project, (2) a survey packet including a cover letter and postage-paid reply
envelope, (3) a thank you/reminder postcard, and (4) a second survey packet to those who had
not yet responded. A short follow-up survey was sent to non-respondents of the original survey,
and focused on 10 key items from the original survey (n = 2608).
Dependent variables
Attitudes are defined as associations between an object and an evaluation of favor or
disfavor (Fazio et al. 1982), and are strong predictors of human behaviors (Fulton et al. 1996).
Thus, understanding attitudes toward vegetation management may help to facilitate a
conversation between different perspectives, recognize reasons for possible conflicts, and allow
for adaptation of policies or management practices (Olander and Landin 2005; Skahill 2014;
Eversource 2016). Insight about resident attitudes can inform utility decisions, such as reducing
tree trimming in certain areas, or adapting public relations approaches (Kuhns and Reiter 2007).
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To assess attitudes toward roadside vegetation management, we measured agreement
with a series of belief statements. Responses to each statement were coded using a five-point
Likert scale measuring level of agreement (5 = strongly agree; 4 = somewhat agree; 3 = unsure; 2
= somewhat disagree; 1 = strongly disagree). We used principal component analysis (PCA) to
reduce a large number of belief statements into smaller sets of statements that factored together
(i.e., respondents tended to answer in the same way; e.g., Morzillo and Mertig 2011). Cronbach’s
alpha (α) was used to measure internal reliability for each set of belief statements (i.e., the degree
to which individuals respond consistently to items within the set; Cortina, 1993; Vaske et al.,
2017). We summed the coded responses to belief statements in each set to obtain a scale score
for each survey respondent.
Three dependent variables resulted from factor analysis. AttAccountability included six
statements focused on perceived accountability of those who do vegetation management (n =
967; α = 0.880): (a) Those who do vegetation management care about trees, (b) Those who do
vegetation management are trained professionals, (c) Vegetation management maintains
adequate power line clearance using techniques that minimize harm to trees, (d) Vegetation
management is done with care for the trees, (e) Those who do vegetation management do a good
job explaining the process to the public, and (f) I trust those who do vegetation management to
treat the trees properly. Greater scale scores (possible range = 6-30; actual range = 6-30)
indicated greater perceived accountability of vegetation management practices.
AttWelfare included four statements focused on attitudes toward public safety and
welfare related to vegetation management practices (n = 967; α = 0.764): (a) Vegetation
management improves the safety of people over the long term, (b) Those who do vegetation
management care about my safety, (c) Those who do vegetation management care about
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minimizing outages, and (d) Clearance of power lines through vegetation management
minimizes power outages. Greater scale scores (possible range = 4-20; actual range = 6-20)
indicated greater perceived contribution to public safety and welfare by vegetation management
practices.
AttPower included five statements focused on tradeoffs between power outages and trees
(n = 986; α = 0.758): (a) Most storm-related power outages are caused by trees or tree limbs
damaging power lines, (b) Tree trimming helps to reduce the number of power outages, (c)
Regardless of how it affects the trees, power line trimming must be done to keep the power on,
(d) Reliable power is more important than protecting trees, (e) More intensive tree work now will
require less frequent management over the long term. Greater scale scores (possible range = 525; actual range = 7-25) indicated greater perceived importance of reliable power compared to
trees.
Independent variables
Knowledge about trees and wind resistance
Residents who are more knowledgeable about tree care and maintenance are more likely
to support urban tree protection and management (Davis and Jones 2014), and less likely to trust
that tree-trimming crews treat trees properly (Kuhns and Reiter 2007) than those with less
knowledge about trees. We used three variables to evaluate knowledge about trees (Knowledge)
and the wind resistance of trees (WindResistA and WindResistB). Knowledge focused on four
belief statements: (a) Growth and death are natural processes for trees, (b) Most storm-related
power outages are caused by trees or tree limbs damaging power lines, (c) Trimming branches
off trees can be beneficial to the tree, (d) Rural trees typically live longer than urban trees. Level
of agreement for each statement was coded using five-point Likert scales (5 = strongly agree; 1 =
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strongly disagree), and scale scores were derived for each respondent by calculating the sum of
responses to these statements (possible range = 4-20; actual range = 10-20). Greater scale scores
indicated greater knowledge about trees. For WindResistA, respondents were asked to select
among three illustrations of trees (Table 1) the tree they believed would be most resistant to
damage by wind. For WindResistB, respondents indicated (yes/no/unsure) whether they
considered most of the trees in their neighborhood to be wind resistant.
<Table 1>
Vegetation management preferences
Stakeholder attitudes toward management agencies may depend on whether the
stakeholder’s desired management outcomes align with an agency’s management efforts (Smith
et al. 2013). For example, resident attitudes toward a utility company improved after residents
indicated satisfaction with the company’s program in which large trees that interfered with
power lines were replaced with utility-compatible trees (Flowers and Gerhold 2000). We
assessed preferred vegetation management outcomes using four survey questions (Table 1). For
Outcome, respondents identified which out of seven items they believed was most important for
tree and forest management along roadsides in their area. For GreenTunnel, respondents
indicated which out of three items best described their opinion about the “green tunnel of trees”
along roadsides (i.e., tree canopy overhangs the road). For RoadForest, respondents selected
among three illustrations of roadside forest management results representing : (a) trees forming a
canopy over the roadway and power lines, (b) current management, in which trees are trimmed
based on required clearance specifications, and (c) widely spaced trees set back from the road.
For RemovTree, respondents indicated acceptability of removing some trees within 100 feet of
the road for five types of settings.

16

Background variables
Value orientations are patterns of basic beliefs revealed through decision making. They
influence attitudes, which in turn influence behavior (Fulton et al. 1996; Vaske and Donnelly
1999). We assessed value orientations toward trees using six variables adapted from past
research (Berninger and Kneeshaw, 2009; Fulton et al., 1996; Vaske et al., 2001). Each variable
was derived from a set of belief statements (Supplementary Information Table S1) coded with
five-point Likert scales (5 = strongly agree; 1 = strongly disagree). Responses to each set of
statements were summed to create a scale score. Two variables (Abundant and RightToExist)
were constructed using PCA to identify statements that factored together, and four variables
(Use, Biocentric, Bequest, and Experience) were constructed using sets of belief statements from
past literature (Fulton et al. 1996; Vaske et al. 2001). Cronbach’s alpha or Pearson’s r (as
appropriate) were used to measure internal reliability for each group of statements. Resulting
variables (and associated themes) included: Abundant (importance of abundant trees);
RightToExist (whether trees and nature have as much right to exist as humans); Use (philosophy
regarding use of trees for human benefits; Fulton et al., 1996); Biocentric (natural things
perceived as having inherent worth; Vaske et al., 2001); Bequest (importance of knowing that
healthy populations of trees exist; Fulton et al., 1996); and Experience (importance of trees
around the home; Fulton et al., 1996).
Eight socioeconomic variables were included to describe respondents. Respondents
indicated their residential classification (LocReside) by selecting from the following which best
describes the location in which they live: (a) urban, (b) suburban, (c) semi-rural (also referred to
as exurban), and (d) rural. Respondents indicated the number of individuals in their household
(HhSize), whether any household members were less than 18 years old (Children), their sex
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(Sex), age (Age), and the length of time lived at their current address (Tenure). For Education,
respondents selected all that apply from the following categories: (a) Less than high school, (b)
High school or equivalent (e.g., GED), (c) Some college, (d) Vocational or trade school, (e)
College degree (2-year or certificate), (f) College degree (Bachelor’s), or (g) Graduate or
professional degree. For Income, respondents selected from a range of incomes grouped in
$25,000 increments from <$25,000 to ≥$100,000 (5 groups total).
Landscape variables
An important factor in the formation of attitudes is the landscape context of an
individual’s residence (Berenguer et al. 2005), which we assessed with measures of tree cover
and development density. In urban areas, greater tree cover is associated with greater property
values (Netusil et al. 2010; Donovan and Butry 2010), neighborhood satisfaction (Lee et al.
2008b), and support for local tree protection and maintenance policies (Davis and Jones 2014).
However, in rural areas with greater tree cover, many residents prefer open space and lower
densities of trees (McDonald and Litton 1998; Jorgensen et al. 2002; Sander and Polasky 2009;
Ritter 2011). Pertaining to development density, rural residents may be more accepting of the use
and exploitation of natural resources, whereas urban residents may be more receptive to
environmentalism and resource protection (Tremblay and Dunlap 1978; Salka 2001).
Development density has been measured using transects (Medley et al. 1995), impervious
surface data (McDonnell and Hahs, 2008), population and housing data (Hahs and McDonnel
2006), road density (Theobald 2004), and distance to an urban area (Gianotti et al., 2016; Luck
and Wu, 2002; McDonnell and Pickett, 1990).
We assessed landscape context using nine variables measured around each respondent
household location. Four variables were related to tree canopy cover (TCC) and five were related
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to development density (Table 2). Each variable was measured at multiple scales, ranging from
the parcel scale to a “macro-neighborhood” area of 2000m radius from the household, which
corresponds to a 20-minute walk (Lee et al. 2008a; Morzillo et al. 2016). All spatial analyses
were completed using ESRI ArcGIS 10.4 and Python 2.7.10 using the ArcPy module.
<Table 2>
The four TCC variables (TCCRad, TCCPar, TCCParB, and TCCRoad; Table 2) were
measured using 1-meter high-resolution land cover data constructed from 2016 LiDAR and
multispectral orthoimagery (Parent et al., 2015). Deciduous and coniferous vegetation classes
were used to calculate TCC variables; areas of open water were removed from analysis. Property
parcel maps were obtained from municipalities and regional councils of governments. Road data
were obtained from the State of Connecticut Department of Public Safety (Tele Atlas North
America, Inc. 2010). For the variable TCCRoad, we used the “Make Service Area Layer” tool to
create road networks within multiple distances (along roads) from a household. Within each road
network, we computed percent TCC within an area buffered at multiple distances from the road
centerline, from 5m (trees overhanging the road) to 55m (estimated distance beyond which a tree
could fall on utility infrastructure).
Data sources and further explanations for the five development density variables (ISA,
RoadDen, PopDen, HouseDen, and DistUrbEdge; Table 2) are described as follows. Impervious
surface area (ISA) was measured from the land cover data noted above, using the buildings and
low impervious cover classes. Population density (PopDen) and housing density (HouseDen)
were measured by first converting block level census data (U.S. Census Bureau, 2010) to a raster
format, and then calculating the average (population or housing) density within a given radius of
each household. Distance from a household to an urban edge (DistUrbEdge) was measured for
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two definitions of urban area: Medium/High-Density and High-Density. Adapting the methods of
Radeloff et al. (2005), each census block had to contain <50% TCC. The threshold housing
density was 49.4 housing units/km2 (1 unit per 5 acres) for the Medium/High class and 741.3
housing units/km2 (3 units/acre) for the High class. To ensure that urban areas were not small
isolated blocks, each urban area had to be at least 1 km2 after aggregating adjacent census blocks
that met the TCC and housing density criteria.

Statistical analysis
Chi-square, ANOVA, Pearson’s r, and Spearman’s ρ were used to compare sample
means and test bivariate relationships (Ware et al. 2013). Effect size (Vaske 2002) was used to
assess the strength of the relationships between variables, as appropriate. All statistical analyses
were conducted in either SPSS (SPSS, Inc.) or R (R Core Team; http://www.R-project.org).
We used random forest (RF) regression models to evaluate the association between
attitudes toward roadside utility vegetation management and both social and landscape variables.
RF is a robust machine learning algorithm that uses an ensemble of decision trees to predict a
dependent variable from a set of independent variables (Breiman 2001). RF accommodates
categorical and continuous variables (Cutler et al. 2011), large numbers of independent variables
(Strobl et al., 2008), collinear variables (Hollister et al. 2016), and unbalanced data (i.e., no data
distribution assumptions; Cutler et al., 2007), achieving high predictive accuracy relative to
traditional regression methods (Cutler et al. 2007). RF has been applied in numerous settings,
including genetics (Diaz-Uriarte and de Andres 2006), water quality (Kreakie et al. 2015; Walsh
et al. 2017), spatial analysis (Henderson et al. 2014; Gianotti et al. 2016; Massie et al. 2016), and
social science (Lee et al. 2015).
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RF calculates the importance of each independent variable by measuring the decrease in
model accuracy (i.e., increase in error) resulting from random permutation of that variable’s
values, effectively removing the variable’s effect on the model (Cutler et al. 2011). This is
measured as percent increase in mean squared error (MSE); higher values indicate greater
predictive power of the overall model when that particular independent variable is included.
Partial dependence plots provide a mechanism to examine the partial relationship between
individual independent variables and the dependent variable (Friedman, 2001).
Applying methods from Hollister et al. (2016), we first fit a full RF model that included
all independent variables and a large number of trees (ntree = 10,000), obtaining a list of
variables ranked by importance. Using this ranking, RF models were run iteratively, beginning
with the top two most important variables and adding variables in each run until identification of
a best-fit final model (greatest % variance explained). We ran an RF model for each of the three
dependent attitude variables. Independent variables included 21 social variables (i.e, from
survey; Table 1), and a total of 99 landscape variables as measured at multiple scales (Table 2).
Results
Sample characteristics
We received 998 returned surveys (27.7%; East n = 555; West n = 443; Urban n = 464;
Rural n = 534; Table 1). Respondents in the West, on average, had larger households, more
households with children, more formal education completed, and greater household income than
respondents in the East. Rural respondents generally had longer residential tenure than Urban
respondents. Compared to the overall population of both study areas, survey respondents were
older, had completed more formal education, and had greater household income (USDC, 2016).
Dependent variables
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Average scale scores (±SD) for the dependent variables were: AttAccountability = 21.0
(±5.0); AttWelfare = 17.2 (±2.4); AttPower = 20.1 (±3.5). Distributions of scale scores did not
differ between East and West or Urban and Rural strata, with exception that mean
AttAccountability scores were higher for the East (mean = 21.4 ±5.0) than West (mean = 20.5
±4.9; F = 7.0, df = 963, p = 0.008).
Landscape composition
Measures of TCC were relatively high both in Urban and Rural strata (e.g., average
TCCRad at 1000m radius: Urban = 57.4% ±15.1; Rural = 74.2% ±9.3), aligning with research
finding that Connecticut ranks first in the conterminous United States for TCC in urban areas
(67.4%; Nowak and Greenfield 2012). Overall, the East had lower development density than the
West, with a lower share of land area in the Urban stratum (East = 34.3km2 [18.2%]; West =
86.5km2 [31.6%]) and less impervious surface area across the entire study area (East = 7.8%;
West = 9.3%). More respondents in the East described their locations as rural compared with
those in the West (LocReside; Table 1). However, landscape variables measured around
respondent households revealed that the East, on average, had less TCC (e.g., average TCCRad
at 1000m radius: East = 64.4% ±15.2; West = 68.2% ±14.1) and greater development density
(e.g., average HouseDen at 1000m radius: East = 176 units/km2 ±224; West = 120 units/km2
±97) than the West.
Random forest models
The best performing model for AttAccountability used 868 total observations, explained
18.9% of the variance, had a mean-squared error of 19.8, and included 13 independent variables
(Fig. 2). AttWelfare used 868 total observations, explained 20.8% of variance, had a meansquared error of 4.5, and used 12 variables. The AttPower model used 865 total observations,
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explained 45.3% of variance, had a mean-squared error of 6.7, and used 8 variables.
<Fig. 2>
Social variables (i.e., from survey) were consistently ranked as more important than
landscape variables across all models (Fig. 2). In all models, Knowledge ranked as the first or
second most important variable, and Outcome, GreenTunnel, and Use ranked among the top 10.
Partial dependence plots showed direct relationships between each independent social variable
and the dependent attitude variable across all three models (Supplementary Information Fig. S1S3). Greater Knowledge and Use (anthropocentric value orientation) scale scores corresponded to
greater attitude scale scores (more favorable attitudes toward vegetation management). Those
who selected “Reduced number of power outages” for Outcome (49.5% of sample) were more
likely to have favorable attitudes than those who selected “Aesthetics (what it looks like) when
finished” (23.2%). For GreenTunnel, respondents who selected “I am OK with this changing if it
results in fewer power outages” (52.3% of sample) were more likely to have favorable attitudes
than those who selected “It is important to maintain this look” (32.9%).
For landscape variables, tree canopy cover variables were selected in all three models,
but only one model selected a development density variable (DistUrbEdge [Medium/HighDensity]; the least important variable of the AttAccountability model). Overall, partial
dependence plots for landscape variables did not reveal strong trends (Supplementary
Information Fig. S1-S3). Further pairwise comparison revealed the strongest association between
dependent attitude variables and landscape variables was a positive correlation between
TCCRoad (50m road network and 55m buffer) and AttPower (Spearman’s ρ = 0.102, df = 983, p
= 0.001).
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Discussion
Vegetation management in the roadside forest is a complex phenomenon because of
potential conflicting stakeholder goals in the tradeoff between safe, reliable utility infrastructure
and ecologically beneficial, aesthetically pleasing trees (Schroeder 1989; Akbar et al. 2003;
Johnson 2008). This study contributes to the scant amount of information about public
perceptions of vegetation management in the roadside forest, and the lack of such assessment at
the landscape level. Our analysis revealed that residents generally perceived that vegetation
management is done with accountability, improves public safety, and is regarded as more
important relative to protecting trees. Confirming our hypothesis, results from random forest
models ranked social variables as more important than landscape variables in relation to attitudes
toward vegetation management.
The social factors associated with attitudes toward vegetation management may be useful
to policymakers and managers seeking to improve management strategies and meet the needs of
a diverse public. In our study, greater Knowledge scale scores were associated with more
favorable attitudes toward vegetation management, contrasting literature suggesting that those
more knowledgeable about tree care and maintenance are less likely to trust that tree-trimming
crews treat trees properly (Kuhns and Reiter 2007). The belief statements constituting our
Knowledge variable could be interpreted as rationalizations for vegetation management (e.g.,
“Trimming branches off trees can be beneficial to the tree”). Management preferences variables
helped to elucidate respondents’ reasoning for their attitudes toward management. For example,
since respondents who prioritize aesthetics (Outcome) have less favorable attitudes toward
vegetation management, managers might focus on trimming and removal techniques that
consider resulting appearance of trees. Aligning with the literature (Fulton et al. 1996; Abrams et
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al. 2005), the Use value orientation scale score (support for the use of trees for human benefits)
supported that residents with a utilitarian worldview may find human interventions in nature
such as tree trimming more acceptable. Although socioeconomic variables were not selected in
the random forest models, Education and Income were negatively correlated with
AttAccountability (r = -0.10, df = 940, p =0.003 and r = -0.14, df = 793, p <0.001 respectively),
suggesting that those with greater education and income may be less likely to perceive that treetrimming crews are accountable. While these social factors shed some light on resident
perceptions of the management of the roadside forest, our results suggest that residents form
their opinions irrespective of the landscape context.
Associations between development density variables and attitudes toward vegetation
management may be obscured by the largely exurban land use characteristic of Connecticut
(Zabik and Prytherch 2013; Martinuzzi et al. 2015). Exurban is defined as a semi-rural region
beyond the suburbs of a city with low housing density and large lot development (Theobald
2004). Exurban development is the fastest growing type of land use in the United States (Theobald
2005), and primarily occurs when people move from urban to rural areas (Egan and Luloff
2000). Recent migrants bring urban influences, and tend to value aesthetics over the traditional
rural utilitarian view of natural resources (Jones et al. 2003; Paquette and Domon 2003). In our
study areas, more than one-third (34.1%) of respondents indicated that the location in which they
live (LocReside) was best described as “Semi-rural [also referred to as exurban]” (Table 1).
Differences in income and education levels are expected to exist between urban and rural areas
(Huddart-Kennedy et al. 2009; Parker et al. 2018). However, Connecticut is above the national
average for income and education (USDC, 2016), and our sample revealed no differences in
these figures between Urban and Rural strata. Thus, our study area demonstrates support for
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existing theory suggesting that urban and rural cultures coexist and blend in exurban landscapes
(Soini et al. 2012). Resident attitudes toward vegetation management may illustrate evidence of
such exurban blending, with heterogeneous attitudes varying from person to person regardless of
household location within the landscape.
Our results also suggest multi-scalar complexity between attitudes toward vegetation
management and resident experience and perception of trees immediately surrounding the
household. Correlation between TCCRoad (50m road network and 55m buffer) and AttPower
(Spearman’s ρ = 0.102, df = 983, p = 0.001) suggests that greater roadside TCC close to the
household may be linked to more favorable attitudes toward vegetation management. However,
our method of measuring tree canopy cover (i.e., bird’s eye view) may not fully describe the
resident perspective of trees. For example, people have a tendency to prefer trees that are taller
(Schroeder 1989; Wolf 2003; Donovan and Butry 2010), cultivated and maintained (vs. wildgrown vegetation; Weber et al. 2014; Wolf 2003), and low density (vs. a dense forest edge;
Jorgensen et al. 2002; McDonald and Litton 1998; Tahvanainen et al. 2001). Also, variables such
as distance and visual accessibility of a house from the road may change how tree trimming or
removal influences perceptions. In rural areas, new residential development tends to be
comprised of large-lots with houses built far back from the road (Ryan 2002; Paquette and
Domon 2003); thus, impacts from roadside vegetation management may not be as visually
noticeable from a house with such characteristics. Elsewhere in this project, written comments
from respondents and results from homeowner interviews (researcher unpublished data) revealed
that resident decisions to allow or refuse vegetation management are influenced by
characteristics of and personal affinity for individual trees. Therefore, perceptions of vegetation
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management may be driven by fine-scale visual (i.e., “below the canopy”) and emotional factors
not captured in this analysis.
In summary, our analysis suggests that attitudes toward vegetation management within
our study areas were more strongly associated with social rather than landscape variables.
However, the exurban character of our study areas and the scales of our analysis may
overshadow the role of landscape variables in explaining attitudes. Our results highlight the
importance of social factors in determining response to natural resource management at the
landscape level.
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Table 1 Descriptive statistics for vegetation management and socioeconomic variables collected using a mail survey
Variable
Knowledge (Mean ± SD; scale 4-20)a
WindResistA (%)
Round crown with thick trunk
Round crown with thin trunk
Crown cropped one side; thin trunk
WindResistB (%)
Yes
No
Unsure
Outcome (%)
Aesthetics when finished
Total number of trees removed
What happens with resulting wood
Expense to the town
Expense to the property owner
Reduced need for regular maintenance
Reduced number of power outages
GreenTunnel (%)a
It is important to maintain this look
I am OK with this changing if it results in fewer outages
I have no opinion about this
RoadForest (%)a
Green tunnel of trees
Current vegetation management
Greater spacing of trees
RemovTree (Mean ±SD; scale 0-5)b
On my property (%)a, c
Along streets in urban areas (%)
Along streets in suburban areas (%)

n
986
966

Strata (respondents)
Urban
Rural
16.4 ±1.7 16.5 ±1.7

East
16.3 ±1.7

West
16.7 ±1.7

All
16.5 ±1.7

61.4
28.1
10.5

61.3
29.8
8.9

61.7
28.3
10.0

60.9
30.0
9.1

61.4
29.0
9.6

28.9
37.3
33.8

27.4
39.7
33.0

30.0
35.8
34.2

25.7
42.1
32.2

28.1
38.6
33.3

25.4
8.2
0.7
2.9
6.0
9.1
47.7

21.5
9.1
1.7
1.9
5.8
8.7
51.3

22.7
8.2
1.7
2.4
5.8
10.2
49.1

24.1
9.3
0.7
2.3
6.1
7.2
50.2

23.2
8.7
1.2
2.4
6.0
8.9
49.5

34.8
49.4
15.7

31.3
54.6
14.1

29.4
54.7
15.9

37.3
49.2
13.5

32.9
52.3
14.8

8.7
20.2
71.1
2.1 ±1.6
39.9
57.7
62.1

8.1
21.1
70.9
2.1 ±1.7
48.0
52.7
58.2

6.8
18.9
74.3
2.1 ±1.6
48.6
52.5
57.8

10.5
22.8
66.7
2.1 ±1.7
38.8
58.2
62.9

8.4
20.6
71.0
2.1 ±1.6
44.3
55.1
60.1

973

967

964

955

815
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Along roads in rural areas (%)
Along roads in rural areas, but
only on public land (%)
Abundant (Mean ± SD; scale 9-45)
RightToExist (Mean ± SD; scale 2-10)
Use (Mean ± SD; scale 4-20)
Biocentric (Mean ± SD; scale 3-15)
Bequest (Mean ± SD; scale 4-20)
Experience (Mean ± SD; scale 4-20)a
LocReside (%)a,c
Urban
Suburban
Semi-rural (also referred to as exurban)
Rural
HhSize (Mean # of individuals ± SD)a
Children (% households with children)a
Sex (% female)
Age (Mean age in years ± SD)
Tenure (Mean years in current residence ± SD)a
Education (%)a
Less than high school
High school or equivalent
Some college
Vocational or trade school
College degree (2-year or certificate)
College degree (Bachelor’s)
Graduate or professional degree
Income (%)a
Less than $25,000
$25,000-$49,999
$50,000-$74,999
$75,000-$99,999
$100,000 or more

938
938
938
938
938
938
947

984
851
977
928
976
973

58.7
41.8

61.0
44.1

62.0
40.4

57.3
46.3

60.0
42.9

42.3 ±4.0
7.6 ±2.2
16.7 ±2.8
12.2 ±2.6
18.6 ±2.1
19.0 ±1.8

42.4 ±4.1
7.3 ±2.2
16.7 ±2.4
11.9 ±2.6
18.7 ±2.1
19.1 ±19

42.3 ±4.2
7.5 ±2.2
16.7 ±2.6
12.1 ±2.6
18.7 ±2.1
18.9 ±1.9

42.5 ±3.8
7.3 ±2.2
16.7 ±2.5
11.9 ±2.5
18.6 ±2.1
19.2 ±1.7

42.4 ±4.0
7.4 ±2.2
16.7 ±2.6
12.0 ±2.6
18.7 ±2.1
19.1 ±1.8

6.1
61.1
21.8
11.0
2.6 ± 1.2
30.2
49.2
61.2 ±14.7
20.0 ±14.2

0.2
15.0
44.9
39.9
2.7 ± 1.3
31.1
52.5
60.9 ±13.8
22.3 ±15.2

4.0
32.5
31.2
32.3
2.5 ± 1.2
26.3
52.6
60.8 ±14.7
21.3 ±14.6

1.7
41.9
37.6
18.8
2.8 ±1.3
36.3
49.0
61.5 ±13.5
21.1 ±14.9

3.0
36.6
34.1
26.3
2.6 ± 1.2
30.7
51.0
61.1 ±14.2
21.2 ±14.8

0.4
6.8
10.5
3.5
7.7
31.2
39.8

0.8
6.6
11.2
4.3
9.3
32.1
35.8

0.9
9.3
13.3
5.4
10.9
28.3
31.8

0.2
3.5
7.9
2.1
5.6
35.9
45.1

0.6
6.6
10.9
3.9
8.5
31.7
37.7

3.1
11.7
16.7
13.8
54.7

3.4
9.4
14.0
16.8
56.3

3.6
14.9
19.8
18.1
43.6

2.9
4.6
9.2
11.7
71.6

3.3
10.5
15.3
15.4
55.6

819
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Significant difference between East and West strata (α = 0.05): Knowledge (F = 13.25, df = 1, p < 0.001); GreenTunnel (χ 2 = 6.80, df
= 2, p = 0.033); RoadForest (χ 2 = 7.42, df = 2, p = 0.025); RemovTree: “On my property” (χ 2 = 7.41, df = 1, p = 0.007); Experience
(F = 6.33, df = 1, p = 0.012); LocReside (χ 2 = 28.93, df = 3, p < 0.001); HhSize (F = 13.26, df = 899, p < 0.001); Children (χ2 = 9.35,
df = 1, p = 0.002); Education (χ 2 = 50.38, df = 6, p < 0.001); Income (χ 2 = 68.93, df = 4, p < 0.001).
b
RemovTree coded as total number of locations selected by each respondent.
c
Significant difference between Urban and Rural strata (α = 0.05): RemovTree On my property (χ 2 = 5.05, df = 1, p = 0.025);
LocReside (χ 2 = 276.09, df = 3, p < 0.001); Tenure (F = 5.99, df = 1, 974, p = 0.015).
a
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Table 2 Landscape variables and scales of measurement
Description
Units
Measurement Scales (m)
Tree cover within a radius of each %
250, 500, 750, 1000, 1500,
household
2000a
TCCPar
Tree Cover within each
%
household property parcel
TCCParB
Tree cover within a parcel and a
%
5, 15, 25, 35, 45, 55b
distance buffered outward from
the parcel
TCCRoad
Tree cover within a road network %
Networkc: 50, 100, 150,
distance from each address point,
200, 250, 500, 750, 1000,
and within a buffer distance from
1500, 2000
road center line
Bufferd: 5, 15, 25, 35, 45, 55
ISA
Impervious surface area within a
%
250, 500, 750, 1000, 1500,
radius of each household
2000a
RoadDen
Length of roads per unit area,
km/km2
250, 500, 750, 1000, 1500,
within a radius of each household.
2000a
PopDen
Population Density within a
People/km2 250, 500, 750, 1000, 1500,
radius of each household. 2010
2000a
census block data.
HouseDen
Housing density within a radius
Housing
250, 500, 750, 1000, 1500,
of each household. 2010 census
Units/km2
2000a
block data.
DistUrbEdge Distance to edge of urban area.
km
Medium/High-Density,
Households inside urban area = 0.
High-Density
a
Radius distance from each household, based on circular buffer area
b
Buffer distance outward from parcel boundary
c
Distance outward from household along a network of all possible roads
d
Buffer distance outward from road centerline

Development Density

Tree Canopy Cover

Variable
TCCRad
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Fig. 1 Study areas (black outlines) in Connecticut, USA. Gray shading designates Urban from
Rural sampling strata (from 2010 Census Urban and Rural Classification; Department of
Commerce 2011)
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Fig. 2 Variable importance ranks for three dependent variable models (AttAccountability,
AttWelfare, AttPower), measured as percent increase in mean squared error. Landscape variable
names indicate their measurement scale (meters; Table 2). DistUrbEdge_MH refers to
Medium/High-Density urban areas
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Table S1 Derivation of value orientation variables (n = 938)
Variable (reliability)a
Abundant RightToExist Use Biocentric Bequest Experience
Belief Statement
(0.912)
(0.619)b
(0.652) (0.703)
(0.868)
(0.878)
Humans should manage trees so that humans benefit
X
Losing trees is acceptable if the overall forest is maintained
X
We should use trees to add to the quality of human life
X
It is important for humans to manage trees
X
Trees have as much right to exist as humans
X
X
Nature has as much right to exist as humans
X
X
Trees have value whether humans are present or not
X
Humans should ensure the survival of trees
X
It is important that we always have abundant trees
X
X
It is important for me to know that trees exist
X
X
We should ensure that future generations have an
X
X
abundance of trees
It is important to maintain trees for future generations to
X
X
enjoy
I enjoy seeing trees around my home
X
X
I notice trees around me every day
X
X
Having trees around my home is important to me
X
X
Trees are an important part of my community
X
X
a
Cronbach’s alpha (α) provided a measure of internal reliability for each group of statements
b
Pearson’s r measured reliability for paired statements
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Fig. S1 Partial dependence plots for the twelve most important independent variables in the
AttAccountability Random Forest Model. For each plot, the y axis is the AttAccountability scale
score (possible range = 6-30; actual range 6-30). Tick marks along the base of the x axis
represent the minimum, maximum, and deciles of the dependent variable distributions.
GreenTunnel: 0 = “I have no opinion about this”, 1 = “I am OK with this changing if it results in
fewer power outages”, 2 = “It is important to maintain this look”. Outcome: 1 = “Aesthetics
(what it looks like) when finished”, 2 = “Total number of trees that are removed”, 3 = “What
happens with the resulting wood”, 4 = “Expense to the town”, 5 = “Expense to the property
owner”, 6 = “Reduced need for regular maintenance”, 7 = “Reduced number of power outages”.
RemovTree coded as total number of locations selected by each respondent
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Fig. S2 Partial dependence plots for the twelve most important independent variables in the
AttWelfare Random Forest Model. For each plot, the y axis is the AttWelfare scale score
(possible range = 4-20; actual range 6-20). Tick marks along the base of the x axis represent the
minimum, maximum, and deciles of the dependent variable distributions. Outcome: 1 =
“Aesthetics (what it looks like) when finished”, 2 = “Total number of trees that are removed”, 3
= “What happens with the resulting wood”, 4 = “Expense to the town”, 5 = “Expense to the
property owner”, 6 = “Reduced need for regular maintenance”, 7 = “Reduced number of power
outages”. GreenTunnel: 0 = “I have no opinion about this”, 1 = “I am OK with this changing if it
results in fewer power outages”, 2 = “It is important to maintain this look”.
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Fig. S3 Partial dependence plots for the eight independent variables in the AttPower Random
Forest Model. For each plot, the y axis is the AttPower scale score (possible range = 4-20; actual
range 6-20). Tick marks along the base of the x axis represent the minimum, maximum, and
deciles of the dependent variable distributions. Outcome: 1 = “Aesthetics (what it looks like)
when finished”, 2 = “Total number of trees that are removed”, 3 = “What happens with the
resulting wood”, 4 = “Expense to the town”, 5 = “Expense to the property owner”, 6 = “Reduced
need for regular maintenance”, 7 = “Reduced number of power outages”. GreenTunnel: 0 = “I
have no opinion about this”, 1 = “I am OK with this changing if it results in fewer power
outages”, 2 = “It is important to maintain this look”. RemovTree coded as total number of
locations selected by each respondent. RoadForest illustrations: 1 = Green tunnel of trees, 2 =
Current vegetation management, 3 = Greater spacing of trees.
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Abstract
Social and ecological processes vary across the urban-rural gradient, and may influence attitudes
toward the environment and preferences for natural resource management. Our objective was to
evaluate patterns of social processes across the urban-rural gradient through the context of public
attitudes toward vegetation management in Connecticut, USA. Attitudes toward vegetation
management were evaluated using a mail survey. Landscape characteristics associated with tree
cover and development density were measured at multiple scales around survey respondent
household locations. Landscape variables were entered into principal components analysis,
resulting in three principal components which described the underlying dimensions of the
landscape context. We evaluated bivariate relationships between survey variables and landscape
principal components. We then used multiple linear regression to evaluate interrelationships
between attitudes toward vegetation management and both landscape principal components and
social factors. Although attitudes toward vegetation management did not display a strong
association with landscape principal components, other survey variables exhibited landscape
trends. Therefore, despite differences in landscape and lifestyle conditions across the urban-rural
gradient, our understanding of resident perception of vegetation management was better
supported by consideration of social science variables than ecological variables alone. In
addition, complexity exists in social process across landscapes, and at different scales and
dynamics than underlying ecological processes.

Keywords: Roadside Forest, Human Dimensions, Urban-rural Gradient, Social-ecological
System, Vegetation Management
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Introduction
Human influences on the landscape can be described in terms of urbanization,
characterized by built structures, impervious surfaces, high population and housing densities, and
altered ecological processes (Hahs & McDonnel, 2006). From a landscape perspective,
urbanization ranges along a complex gradient, from dense built environments to natural areas
minimally influenced by humans (McDonnell & Pickett, 1990). Sampling across urban-rural
gradients is a common technique used to measure urbanization and examine its effects on
ecological patterns (du Toit & Cilliers, 2011; Hahs & McDonnel, 2006; Luck & Wu, 2002) and
processes (Fraterrigo & Wiens, 2005; McDonnell & Pickett, 1990; Medley, McDonnell, &
Pickett, 1995). However, less is known about social dynamics across such gradients (Kittredge,
Short Gianotti, Hutyra, Foster, & Getson, 2015; Troy, Grove, & O’Neil-Dunne, 2012). To date,
social science research on urban and rural populations has mainly focused on separate,
geographically distinct samples (e.g., Huddart-Kennedy et al., 2009; Racevskis and Lupi, 2006;
Tremblay and Dunlap, 1978), rather than a gradient approach that accounts for the detailed,
continuous, and variable nature of the landscape.
Past research suggests that social processes vary between urban and rural areas (Parker et
al., 2018; Salka, 2001; Weeks, Larson, & Rashed, 2003). A person’s place of residence on the
gradient shapes the context in which they interact with the landscape, and can influence their
lifestyles, attitudes, and decision-making (Lee, Ellis, Kweon, & Hong, 2008). Researchers have
found differences between urban and rural residents in environmental concern (HuddartKennedy et al., 2009; Tremblay & Dunlap, 1978), perceptions of forest management (Racevskis
& Lupi, 2006), and voting for environmental protection (Salka, 2001). Accompanying theories
for explaining such urban-rural differences in environmental values have included the
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“differential-exposure” theory (i.e., urban residents are exposed to more environmental
problems, so they tend to support conservation efforts) and the “extractive-commodity” theory
(i.e., rural residents depend on resource extraction for their livelihoods, so they tend to support
resource use; Jones et al., 1999; Salka, 2001; Tremblay and Dunlap, 1978).
Despite evidence of differences in environmental preferences between urban and rural
areas, there is much complexity in social processes at the landscape level. For example, Salka
(2001) reported that urban residents voted for environmental protection at a greater percentage
than rural residents, but demographic variables and economic conditions were more strongly
associated with voting levels than residential location. Elsewhere, Berenguer (2005) found that
while urban residents reported greater environmental concern (measured on New Ecological
Paradigm Scale; Dunlap et al., 2000), rural residents exhibited greater moral obligation and proenvironmental behavior.
Less is known about human dimensions along the transition zone between urban and
rural, including “exurban” areas, defined as semi-rural, low density, large lot development
beyond the suburbs of a city (Theobald, 2004). Exurban areas are the fastest growing type of
land use in the United States (Theobald, 2005). In such places, the characteristics of urban and
rural populations merge as a result of exurban migration (i.e., from urban areas; A. C. Nelson &
Sanchez, 1999), increased availability of environmental services (e.g., recycling facilities;
Huddart-Kennedy et al., 2009), and reduced economic dependency on natural resource industries
(Berninger & Kneeshaw, 2009). Kittredge et al. (2015) found that conservation awareness in a
rural-to-suburban transition zone in Massachusetts was not associated with urbanization, but
rather was related to household income and social capital. Thus, social processes across the
landscape (and particularly in exurban areas) are complex and challenging to predict.
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In this study, we address this gap in knowledge by examining social dynamics across the
urban-rural gradient. We do this using an evaluation of public attitudes toward roadside utility
vegetation management, a subject not well understood despite the fact that such management
occurs regularly and frequently along roadsides wherever overhead power lines and trees
coincide.
Study Context
For our analysis, vegetation management is defined as the retention of vegetation that is
compatible with utility infrastructure and the pruning or removal of trees, shrubs, or other
vegetation that pose a risk to the reliability of the utility infrastructure (State of Connecticut,
2014). Tree crews trim or remove roadside trees on both public and private land, typically
attending to all applicable power lines in 4-5 year cycles (e.g., Eversource, 2016). Vegetation
management is required to comply with various regulations and authorities, including individual
property owners, who may refuse to allow the utility to perform tree work on their property
(Cieslewicz & Novembri, 2004). Thus, utility companies must balance between reducing the risk
of tree-related power outages and minimizing the loss of trees (Schroeder, 1989). Public relations
can be a major challenge for vegetation management (Johnson, 2008), and utilities benefit from
understanding public attitudes toward vegetation management (Johnson, 2008; Kuhns & Reiter,
2007).
For many residents, attitudes toward vegetation management may change based on the
setting where management is taking place (Shindler, Brunson, & Stankey, 2002). As the setting
of roadside trees differs greatly across the urban-rural gradient, perceptions of trees can change
as well. In urban areas, where there are relatively few trees (McPherson, 2003; Weber, Kowarik,
& Säumel, 2014), people recognize and appreciate the benefits of trees (e.g., reduce storm water
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runoff, mitigate the urban heat island effect, enhance property values, calming effect; Conway
and Bang, 2014; Jones et al., 2012). For these reasons, urban residents may object to vegetation
management. In contrast, in temperate zones such as the eastern United States, trees can grow
without restriction in rural areas (Medley et al., 1995), often forming a dense forest edge along
roadways. In such areas, people still favor settings with trees, but also may prefer open space and
thinner configurations of trees (Jorgensen, Hitchmough, & Calvert, 2002; McDonald & Litton,
1998; Sander & Polasky, 2009). Since trees and corresponding attitudes toward trees are
arranged differently in urban and rural areas, we expect attitudes toward vegetation management
to differ across the urban-rural gradient.
Public attitudes toward roadside utility vegetation management are not well understood,
and we are unaware of any research that evaluates attitudes toward vegetation management
across the urban-rural gradient. Therefore, our objective was to understand patterns of social
processes across the urban-rural gradient through the context of public attitudes toward
vegetation management in Connecticut, USA. Our hypothesis was that residents in more
urbanized areas would be more likely to have negative attitudes toward vegetation management
than rural residents. This was based on research finding that urban residents are more likely to
favor resource protection (Racevskis & Lupi, 2006; Salka, 2001; Tremblay & Dunlap, 1978) and
attach importance to individual trees (McPherson, 2003) than rural residents. First, we used a
social survey to collect data related to resident attitudes toward vegetation management. Next,
we used spatial analysis to assess the landscape context around respondent households at
multiple scales. We then used principal component analysis to convert a large number of
landscape variables into principal components that describe the underlying dimensions of the
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landscape context. Finally, we assessed how attitudes toward vegetation management were
associated with landscape principal components and other social factors.
Methods
Study Areas
The state of Connecticut, USA, has both high population density (285 people/km2; 6th
among US states; U.S. Census Bureau, 2010) and a large proportion of tree cover (72.6%; 5th
among US states; Nowak and Greenfield, 2012). As a result, much of Connecticut is low-density
exurban residential development (Clark, McChesney, Munroe, & Irwin, 2009; Zabik &
Prytherch, 2013), and 65.6% of the state is classified as Wildland Urban Interface (highest
proportion among US states; Martinuzzi et al., 2015). In 2011 and 2012, the state experienced
widespread tree-related power outages caused by three major storms (Hurricane Irene, Winter
Storm Alfred [i.e. ‘the October Snowstorm’], and Hurricane Sandy). Increased vegetation
management efforts in the wake of the storms caused some residents to be concerned that utility
tree trimming and removal was too aggressive, leading to stricter regulations (Dowling, 2014;
Public Utilities Regulatory Authority, 2014; Skahill, 2014). Thus, utility vegetation management
is a pertinent issue in Connecticut.
We focused our research on two study areas in Connecticut (East and West; Figure 1)
based on results of interviews and focus groups with utility employees. These areas spanned 12
towns and ranged across gradients from urban to rural. Within each study area, we used the US
Census Bureau’s urban-rural classification (Department of Commerce, 2011) as a preliminary
means to ensure sampling across both urban and rural areas.
<Fig. 1>
Survey Data Collection
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Social science data including attitudes toward vegetation management were collected
using a mail survey. The sampling frame included all residential street addresses within our
study area extents, and the sampling unit was the individual household. Address information was
purchased from Marketing Systems Group (Horsham, PA), which compiles sampling datasets
from U.S. Postal Service delivery sequence files. We excluded post office boxes, mail drops,
vacant houses, and seasonal homes in order to focus sampling on single-family, owner-occupied
households (i.e., respondents more likely to be involved with decision-making about trees;
Shakeel and Conway, 2014). The University of Connecticut Institutional Review Board (IRB #
H16-007) granted permission for use of human subjects.
In winter 2017, surveys were mailed to randomly selected households in both study areas
(n = 1800 per area, N = 3600), and divided equally between Urban and Rural census strata. Our
sample size was based on our expected response rate and desired sampling error (α = 0.05;
Bartlett et al., 2001; Vaske, 2002). We used multiple mailings in an effort to increase response
rate (Dillman, Smyth, & Christian, 2008). Mailings included: (1) a pre-notice postcard
introducing the project, (2) a survey packet with a cover letter and postage-paid reply envelope,
(3) a thank you/reminder postcard, and (4) a second survey packet to those who had not yet
responded. A short follow-up survey was sent to non-respondents of the original survey,
focusing on 10 key items from the original survey (n = 2608).
Survey Variables
Attitudes Toward Vegetation Management
Attitudes are evaluations of an object along a dimension of favor or disfavor (Fazio,
Chen, McDonel, & Sherman, 1982), and are a strong predictor of behaviors (Fulton, Manfredo,
& Lipscomb, 1996). Understanding attitudes toward vegetation management can help to foresee
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possible conflicts and allow for adaptation of successful management strategies (Kuhns & Reiter,
2007). We constructed variables to assess attitudes toward vegetation management based on
belief statements, coded with five-point Likert scales by measuring level of agreement (5 =
strongly agree; 4 = somewhat agree; 3 = unsure; 2 = somewhat disagree; 1 = strongly disagree).
We used principal components analysis (PCA) to reduce a large number of belief statements into
smaller sets of statements that factored together (Morzillo and Mertig 2011). Cronbach’s alpha
(α) was used to measure internal reliability for each set of belief statements (i.e., the degree of
consistency in responses; Cortina, 1993; Vaske et al., 2017). We summed the values
corresponding to each factored group of belief statements to derive a scale score for each
respondent. This process resulted in three attitude variables (variable names in italics).
AttAccountability focused on respondent perception of the accountability of vegetation
management (and those who do it), and included six belief statements (possible and actual range
= 6-30; n = 967; α = 0.880): (a) Those who do vegetation management care about trees, (b)
Those who do vegetation management are trained professionals, (c) Vegetation management
maintains adequate power line clearance using techniques that minimize harm to trees, (d)
Vegetation management is done with care for the trees, (e) Those who do vegetation
management do a good job explaining the process to the public, and (f) I trust those who do
vegetation management to treat the trees properly.
AttWelfare focused on respondent perception of whether vegetation management (and
those who do it) contribute to public safety and welfare, and included four belief statements
(possible range = 4-20; actual range = 6-20; n = 967; α = 0.764) : (a) Vegetation management
improves the safety of people over the long term, (b) Those who do vegetation management care
about my safety, (c) Those who do vegetation management care about minimizing outages, and
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(d) Clearance of power lines through vegetation management minimizes power outages. Greater
scale scores (possible range = 4-20; actual range = 6-20) indicated contribution of vegetation
management processes toward greater perceived safety and welfare.
AttPower focused on respondent perceived importance of vegetation management versus
protecting trees, and included five belief statements (possible range = 5-25; actual range = 7-25;
n = 986; α = 0.758): (a) Most storm-related power outages are caused by trees or tree limbs
damaging power lines, (b) Tree trimming helps to reduce the number of power outages, (c)
Regardless of how it affects the trees, power line trimming must be done to keep the power on,
(d) Reliable power is more important than protecting trees, (e) More intensive tree work now will
require less frequent management over the long term.
Experience with and preparedness for power outages
In order to evaluate experience with outages (ExperiencedOutage), respondents were asked to
indicate how many times in the past year (none = 0; once or twice = 1; three or more times = 2)
they had experienced a prolonged (i.e., lasting more than 24 hours) storm-related power outage
in their home in the past year. Next, to evaluate preparedness for power outages, respondents
were asked to indicate (yes or no) whether they currently had a generator available in their home
in case of a prolonged storm-related power outage (Generator).
Experience with vegetation management
We evaluated whether respondents had observed vegetation management, and whether
they had personally come into contact with those who do vegetation management. Respondents
were asked to indicate (yes or no) whether they had observed work crews trimming or removing
trees or vegetation in their neighborhood (ObservedCrews). Respondents were asked to indicate
(yes or no) whether they have ever contacted their utility about a tree or vegetation related issue
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(ContactedUtility). Finally, respondents were asked to indicate (yes or no) whether someone had
contacted them (e.g., flyer hanging on their door, certified mail, or in person) about tree
trimming or tree removal on their property (BeContacted).
Knowledge about trees
Past research suggests that knowledge about trees or environmental issues is associated
with support for conservation of trees and the environment (Cottrell, 2003; Jones et al., 2012;
Ryan, 2012). Jones et al. (2012) found that people with greater knowledge about trees had
greater support for local tree maintenance and protection. In another study, those with greater
knowledge about trees were less likely to trust that utility vegetation management treated trees
properly (Kuhns & Reiter, 2007). We evaluated knowledge about trees (Knowledge) based on
four belief statements: (a) growth and death are natural processes for trees, (b) most stormrelated power outages are caused by trees or tree limbs damaging power lines, (c) trimming
branches off trees can be beneficial to the tree, (d) rural trees typically live longer than urban
trees. Level of agreement for each statement was coded using five-point Likert scales (5 =
strongly agree; 1 = strongly disagree), and responses were summed to derive a scale score for
each respondent. Greater scale scores (possible range = 4-20; actual range = 10-20) indicated
greater knowledge of trees and tree health.
Vegetation management preferences
Social acceptability of management practices is measured by comparing current
management conditions to other alternatives (Shindler et al., 2002). We used four survey
questions to assess vegetation management preferences. First, we asked respondents to choose
from seven items what they believe is most important for tree and vegetation management along
roadsides in their area (Outcome; Table 1). We asked respondents which of three statements best
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described their opinion about the importance of a tree canopy hanging over the road
(GreenTunnel; Table 1). For RoadForest, respondents were asked to choose which was most
acceptable to them out of three illustrations of roadside forest management treatments: (a) trees
forming a canopy over the roadway and power lines, (b) current utility vegetation management,
in which trees are trimmed based on required clearance specifications, and (c) widely spaced
trees set back from the road. Finally, we asked respondents to select whether they would
consider it acceptable to remove some trees within 100 feet of the road in five types of settings:
“On my property”, “Along streets in urban areas”, “Along streets in suburban areas”, “Along
roads in rural areas”, and “Along roads in rural areas, but only on public land” (RemovTree).
Responses were coded with the total number of locations selected, ranging from 0 to 5.
<Table 1>
Background variables
Value orientations are patterns of basic beliefs relative to a particular topic that influence
attitudes and behaviors regarding that topic (Fulton et al., 1996; Ives & Kendal, 2013; Vaske &
Donnelly, 1999). We measured value orientations relative to trees using four scale score
variables (Table 2) derived from the literature (Fulton et al., 1996; Vaske, Donnelly, Williams, &
Jonker, 2001). Each variable was constructed from a set of belief statements coded with a fivepoint Likert scale (5 = strongly agree; 1 = strongly disagree). Values corresponding to responses
were summed for each set of statements to construct scale scores. We measured internal
reliability for each set of statements using Cronbach’s alpha. Variables (and associated themes)
included: Use (philosophy regarding use of trees for human benefits; Fulton et al., 1996);
Biocentric (natural things perceived as having inherent worth; Vaske et al., 2001); Bequest
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(importance of knowing that healthy populations of trees exist Fulton et al., 1996); and
Experience (importance of trees around the home; Fulton et al., 1996).
<Table 2>
We used eight socioeconomic variables to evaluate respondent characteristics (Table 1).
Respondents described their perception of the location in which they live (LocReside) by
selecting from the following residential classifications: (a) urban, (b) suburban, (c) semi-rural
(also referred to as exurban), and (d) rural. Respondents indicated the number of individuals in
their household (HhSize), whether any household members were less than 18 years old
(Children), their sex (Sex), age in years (Age), and the length of time lived at their current
address (Tenure). For Education, respondents selected all that apply from the following
categories: (a) Less than high school, (b) High school or equivalent (e.g., GED), (c) Some
college, (d) Vocational or trade school, (e) College degree (2-year or certificate), (f) College
degree (Bachelor’s), or (g) Graduate or professional degree. Responses were then coded as the
highest level of education attained (1-7). For Income, respondents selected from a range of
incomes grouped in $25,000 increments from <$25,000 to ≥$100,000 (5 groups total, coded 1-5).
Landscape Analysis
Landscape Variables
Attitudes toward vegetation management may be influenced by interrelated landscape
characteristics, including both the local biophysical context of nearby trees and the broader social
context of the urban-rural gradient. We measured the landscape context of each household using
a variety of measures of land cover, land use, and urbanization. Our analysis included ten types
of landscape variables: four measuring tree canopy cover, four measuring development density,
and two measuring property parcels (Table 3). Variables were measured at multiple scales,
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ranging from the parcel level to a “macro-neighborhood” area within a 2000m radius from the
household (2km; approximately a 20-minute walk; (Lee et al., 2008; Morzillo et al., 2016). As
measured at multiple scales, there were a total of thirty landscape variables. All spatial analysis
was completed using ESRI ArcGIS 10.4 and Python 2.7.10 using the ArcPy module.
<Table 3>
Tree canopy cover (TCC) and impervious surface area (ISA) were measured using 1meter high-resolution land cover data constructed from LiDAR and multispectral orthoimagery
(collected Spring 2016; Parent et al., 2015). These data had 8 land cover classes, from which we
used deciduous and coniferous tall vegetation classes for TCC, and buildings and low impervious
cover classes for ISA. Areas of open water were excluded from analysis. Property parcel maps
were obtained from municipalities and regional councils of governments. Road centerline data
were obtained from the State of Connecticut Department of Public Safety (Tele Atlas North
America, Inc., 2010). For TCCRoad, the “Make Service Area Layer” tool was used to create a
network of all the roads within a given road distance from a household. Within this road
network, we computed percent TCC within an area buffered at two distances from the road
centerline: 15m (trees nearest to the road) and 35m (approximate distance equal to the potential
height of a roadside tree that could impact the road or utilities; Hammerling, 2012).
Housing density (HouseDen) was calculated by first converting block-level census data
(U.S. Census Bureau, 2010) to a raster format, and then calculating the average (population or
housing) density within a given radius of each household. Distance to urban edge (DistUrbEdge)
was measured for two urban area classifications: High-density and Medium/high-density. These
areas were delineated by adapting methods from Radeloff et al. (2005). Each census block had to
contain <50% TCC. The threshold housing density was 49.4 housing units/km2 (1 unit per 5
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acres) for the Medium/High class and 741.3 housing units/km2 (3 units/acre) for the High class.
To ensure that urban areas were not small isolated blocks, each urban area had to be at least 1
km2 after aggregating contiguous census blocks that met the TCC and housing density criteria.
Thus, resulting urban areas were relatively large areas with low tree canopy cover and high
housing density, and were confirmed by researcher local knowledge of these areas.
Finally, two variables described the size and configuration of each household parcel. We
measured the area of each parcel (ParcelSize) and the distance between the house point and the
nearest road line (HouseToRoad).
Principal Components Analysis
Principal component analysis (PCA; Abdi and Williams, 2010) was used for data
reduction of the landscape variables to capture major landscape trends associated with
respondent households. PCA uses an orthogonal transformation to convert input variables into a
smaller set of uncorrelated variables, called principal components, which are linear combinations
of the input variables (Abdi & Williams, 2010). Each principal component has a corresponding
eigenvalue, which measures the amount of variance in the input data explained by that principal
component. Principal component variables have values for each observation (in our case, for
each survey respondent household) called factor scores. Principal component variables also are
evaluated in terms of factor loadings, which are the correlation coefficients between the input
variables and the principal components. PCA was completed using the “PCA” tool in the R
package “FactoMineR” (Husson, Josse, Le, & Mazet, 2018). We retained principal components
with eigenvalues greater than 1, and used a biplot to assess a visual representation of the
structure of the data (Abdi & Williams, 2010).
Statistical Analysis
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The strength and direction of association between survey variables and landscape
principal components were assessed using chi-square, ANOVA, and Spearman’s rank correlation
coefficient (Ware, Ferron, & Miller, 2013). Spearman’s was used because it is appropriate for
variables with non-normal distributions and extreme values (Ware et al., 2013). Spearman’s rank
correlation was also used to examine the association between continuous landscape principal
components and dichotomous survey variables (e.g., yes/no, female/male), in a manner called
rank biserial correlation (Glass, 1965). Alpha values were defined at the 95% confidence
interval. All statistical analyses were conducted in either SPSS (SPSS, Inc.) or R (R Core Team;
http://www.R-project.org).
Next, we used multiple linear regression to evaluate interrelationships between three
dependent attitude variables (AttAccountability, AttWelfare, and AttPower) and both the
landscape principal components and the independent survey variables. Independent variables
applied to regression analysis (described above) included: landscape principal component
variables (PCUrbanRural, PCRoadside, and PCParcel [described below]), experience with and
preparedness for power outages (ExperiencedOutages and Generator), experience with
vegetation management (ObservedCrews, ContactedUtility, and BeContacted), knowledge about
trees (Knowledge), vegetation management preferences (Outcome, GreenTunnel, RoadForest,
and RemovTree), value orientations (Use, Biocentric, Bequest, and Experience), and
socioeconomic variables (HhSize, Children, Sex, Age, Tenure, Education, and Income). After
accounting for multiple comparisons (26 tests per dependent variable) with a Bonferroni
correction, p ≤ 0.00192 was considered significant. Effect size (eta) was calculated for all
variables identified as significant by regression analysis to assess the strength of relationship
between variables (Vaske, 2002).
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Categorical independent variables used in regression analysis were in the following
manner (Table 5): Out of the seven response options for Outcome, we used “Aesthetics (what it
looks like) when finished” and “Reduced number of power outages”, both coded as dummy
variables, where the chosen response was coded as 1 and all other responses were coded as 0.
For GreenTunnel, we used the responses “It is important to maintain this look” and “I am OK
with this changing if it results in fewer power outages”, both coded as dummy variables. For
RoadForest, responses indicating the illustration that depicted widely spaced trees set back from
the road were coded as 1, and the other two responses were coded as 0.
Results
We received 998 returned surveys (27.7% response rate; East n = 555; West n = 443;
Urban n = 464; Rural n = 534). More than two-thirds of our sample (69.4%) had completed at
least a college degree (Bachelor’s), including more than one-third (37.7%) that had also
completed a graduate or professional degree. More than half of respondents (55.6%) had a gross
household income of $100,000 or more in 2016, with another third (30.7%) earning between
$50,000 and $100,000. Compared to the East, respondents in the West, on average, had larger
households, more households with children, more formal education completed, and greater
household income. Respondents in the Rural census stratum, on average, had longer residential
tenure, and were more likely to own their homes than respondents in the Urban census stratum.
Our sample was older and reported higher levels of education and income than the overall
population in the study areas (USDC, 2016).
Attitudes toward vegetation management were generally favorable (Table 1).
Respondents indicated perceptions such that those who do vegetation management are
accountable (AttAccountability), vegetation management contributes to public safety and welfare
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(AttWelfare), and reliable power is more important than protecting trees (AttPower).
Distributions of attitude variable scale scores did not differ between East and West or Urban and
Rural strata, with exception that mean AttAccountability scores were higher for the East (mean =
20.4 ±5.0) than the West (mean = 20.5 ±4.9; F = 7.0, df = 963, p = 0.008).
The majority of respondents had high Knowledge scale scores, preferred reduced power
outages over aesthetics (Outcome), would accept changes to the roadside forest in order to
reduce outages (GreenTunnel; RoadForest), and had high value orientation scale scores (Table
1). Removing some roadside trees (RemovTree) was generally not acceptable on respondents’
own property (44.3%), but was acceptable on urban (55.1%), suburban (60.1%), and rural
roadsides (60.0).
Principal components analysis (PCA) of the 30 landscape variables resulted in three
principal components with an eigenvalue >1 (Table 4). All principal components have a mean
value of zero. Principal component 1(hereafter PCUrbanRural) described the general trend of
the urban-rural gradient, with high values representing households with high levels of tree cover
(TCC variables) and low levels of impervious surface area (ISA), housing density (HouseDen),
and road density (RoadDen). PCUrbanRural values had a minimum of -16.0, a first quartile of 2.2, a median of 1.1, a third quartile of 3.3, and a maximum of 7.2. Principal component 2
(hereafter PCRoadside) described tree cover along roadsides (TCCRoad), particularly at finer
scales, with high values representing greater proportion of tree cover along roadsides.
PCRoadside values had a minimum of -5.7, a first quartile of -1.2, a median of 0.16, a third
quartile of 1.3, and a maximum of 4.0. Principal component 3 (hereafter PCParcel) described the
fine-scale parcel context, with greater values describing larger parcels (ParcelSize) and greater
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distance from the house to the road (HouseToRoad). PCParcel values had a minimum of -7.3, a
first quartile of -0.6, a median of 0.1, a third quartile of 0.7, and a maximum of 3.6.
<Table 4>
AttPower was positively related to both PCUrbanRural (Spearman’s ρ = 0.09) and
PCRoadside (Spearman’s ρ = 0.09), suggesting that residents in more rural areas and residents
with greater roadside tree cover are more likely to perceive that reliable power is more important
than protecting trees. These and other associations between survey variables and landscape
principal components are displayed in Table 1. Notably, LocReside showed strong associations
with PCUrbanRural and PCRoadside (Figure 2), suggesting that respondents’ perception of the
location in which they live corresponds to the landscape characteristics around their household.
<Fig. 2>
Regression analyses indicated that those with significantly (p < 0.05) greater (more
favorable) attitude scale scores had greater Knowledge, chose “Reduced number of power
outages” for Outcome, chose “I am OK with this changing if it results in fewer power outages”
for GreenTunnel, would accept removal of some trees along roadsides for RemovTree, and had
greater Use value orientation scale scores (Table 5). In addition, for AttAccountability,
respondents who had not contacted their utility about a tree or vegetation-related issue
(ContactedUtility), and who had lower Bequest value orientation scale scores had more favorable
attitudes. For AttWelfare, respondents who had observed work crews trimming or removing trees
in their neighborhood (ObservedCrews), respondents with shorter residential tenure, and female
respondents had more favorable attitudes. For AttPower, respondents with greater roadside tree
cover (PC2), who did not choose “It is important to maintain this look” for GreenTunnel, who
had lower Biocentric value orientation scale scores, who were male, and who were older (Age)
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had more favorable attitudes. Effect sizes (Eta) suggested a relatively small impact of
independent variables on the overall multivariate models (range 0.015–0.423).
<Table 5>
Discussion
Our objective was to examine patterns of social processes across the urban-rural gradient.
To address this, we focused on an evaluation of resident attitudes toward vegetation management
in Connecticut, USA Supporting our hypothesis, PCUrbanRural was correlated with AttPower,
suggesting that residents in more urban areas were less likely to perceive that reliable power is
more important than protecting trees. Results also suggest an association between PCRoadside
(roadside tree cover) and AttPower, with greater roadside tree cover associated with more
positive attitudes toward vegetation management. Nevertheless, statistically, we did not find
strong associations between attitudes toward vegetation management and the landscape context.
Although strong urban-rural trends did not exist for attitudes toward vegetation
management, other social processes displayed an urban-rural trend. Respondents located in more
rural areas along the urban-rural gradient indicated a different experience of vegetation
management than residents in urbanized areas. Respondents who were more rural (greater
PCUrbanRural values) indicated that they have experienced a greater number of prolonged
storm-related power outages in the past year (ExperiencedOutages). This corresponds to an
established trend where rural areas have greater exposure to electric service interruptions and
longer durations prior to restoration (J. P. Nelson & Lankutis, 2016). Possibly related to this,
respondents who live in more rural areas were more likely to have a generator in their homes
(Generator). Rural respondents were also more likely to observe work crews trimming or
removing trees or vegetation in their neighborhood (ObservedCrews), contact their utility about a
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vegetation-related issue (ContactedUtility), or be contacted about tree trimming or removal on
their property (BeContacted), possibly suggesting greater interactions with the overall vegetation
management process than urban respondents. Therefore, connections between residents and
vegetation management may manifest based on individual interactions and experiences with the
vegetation management process rather than being dictated by spatial location.
More broadly, landscape-level regional affects may influence resident attitudes. Our
measurements of the landscape context around each household were not proportionately
consistent with people’s perceptions of their household location. Households in the East had
lesser values of PCUrbanRural (less rural; East mean = -1.0 ±4.8; West mean = 1.3 ±3.7; F =
68.2, df = 929, p < 0.001) and PCRoadside (less roadside tree cover; East mean = -0.7 ±1.6;
West mean = 0.9 ±1.5; F = 228.2, df = 929, p < 0.001) than the West. However, fewer East
respondents described their location as rural than the West, and the plurality of West respondents
chose suburban (LocReside; East: urban = 4.0%, suburban = 32.5%, exurban = 31.2%, rural =
32.3%; West: urban = 1.7%, suburban = 41.9%, exurban = 37.6%, rural = 18.8%). Thus,
respondent perceptions of the location in which they live seem to be influenced by regional
differences between the East and West study areas (rather than local landscape characteristics).
According to the United States Department of Agriculture Economic Research Service 2010
Rural-Urban Commuting Area Codes (“RUCA Codes,” 2016), for all census tracts in our West
study area, 30 to 50% of residents commute to a larger metropolitan core (presumably New York
City), while all but two census tracts in the East primarily commute locally. This corresponds to
central place theory, in that a major urban center serves as the central place for a large region and
influences development and employment growth (Baer, Johnson‐Webb, & Gesler, 1997; Guiling,
Brorsen, & Doye, 2009; Partridge, Rickman, Ali, & Olfert, 2008). While the West had more
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rural characteristics from a land cover perspective based on our landscape variables, survey
results suggest that respondents consider it suburban-- likely because of the nearby major urban
center. This regional influence may have obscured our landscape analysis of public attitudes
toward vegetation management.
Understanding how social factors were associated with attitudes toward vegetation
management may be useful to managers and policymakers seeking to adapt management and
public relations strategies. For example, since RemovTree (acceptability of removing some trees
along roadsides) was positively associated with attitudes toward vegetation management,
managers might focus on trimming techniques that strategically implement tree removals. Some
socioeconomic variables were associated with specific attitudes variables, revealing nuances
between the attitudes variables. For example, results suggested that respondents with less Tenure
would have greater AttWelfare scale scores, whereas older (Age) respondents would have greater
AttPower scale scores. Females were associated with higher AttWelfare scores, while males were
associated with higher AttPower scores. While these social factors shed some light on resident
perceptions of the management of the roadside forest, our results suggest that residents form
their opinions irrespective of the landscape context.
Individual residents’ perception of the environment around them may influence their
preferences for landscape characteristics and decisions about land management (Morzillo et al.,
2016), including whether to allow tree trimming or removal on their property. The characteristics
of an area are shaped by the collective decisions of individual residents (Morzillo et al., 2016;
Pham, Apparicio, Landry, & Lewnard, 2017). Furthermore, residents may choose to live in an
area based on the aesthetics or lifestyle afforded there (Belaire, Westphal, & Minor, 2016),
showing that people’s decision-making is linked to the characteristics of a place (Morzillo et al.,
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2016). While we found that residents’ socioeconomic profiles and land management experiences
may be related to location on the landscape, attitudes toward vegetation management showed no
strong association with the landscape. Although past research suggests that most people
appreciate roadside trees (Netusil, Chattopadhyay, & Kovacs, 2010; Schroeder & Cannon, 1987;
Weber et al., 2014), our results also indicate respondent recognition of the need for tree trimming
and removal in order to provide reliable electric power. While managers may not rely on the
landscape context to deduce resident attitudes toward vegetation management, social factors may
aid in determining residents’ response to management practices.
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Table 1 Descriptive results for survey variables and pairwise comparisons between survey
variables and landscape principal componentsa (n = 931)
Descriptive PC
PC
PC
Variable
Resultsb
UrbanRuralc Roadsidec Parcelc
AttAccountability (Mean ±SD; scale 6-30)
21.01 ±4.98
0
0.01
0.02
AttWelfare (Mean ±SD; scale 4-20)
17.15 ±2.43
0.01
0.04
0.01
AttPower (Mean ±SD; scale 5-25)
20.09 ±3.50
0.09*
0.09*
0.01
ExperienceOutages (Mean ±SD; scale 0-2)
0.23 ±0.48
0.15*
0.08*
-0.01
Generator (% yes)
55.1
0.22*
0
0.02
ObservedCrews (% yes)
89.5
0.12*
0.07*
0.01
ContactedUtility (% yes)
30.9
0.13*
0.19*
0.04
BeContacted (% yes)
42.6
0.13*
0.11*
0.01
Knowledge (Mean ± SD; scale 4-20)
16.5 ±1.7
0.10*
0.07*
0.03
Outcome (%)
Aesthetics when finished
23.2
-0.57
-0.07
0.05
Total number of trees removed
8.7
0.32
-0.07
0.20
What happens with resulting wood
1.2
0.76
-0.09
0.01
Expense to the town
2.4
0.56
0.06
-0.07
Expense to the property owner
6.0
-0.72
-0.27
-0.03
Reduced need for regular maintenance
8.9
-0.25
-0.19
-0.01
Reduced number of power outages
49.5
0.30
0.11
-0.05
GreenTunnel (%)
It is important to maintain this look
32.9
0.31*
0.20*
0.01
I am OK with this changing if it
52.3
0.06*
-0.12*
-0.02
results in fewer power outages
I have no opinion about this
14.8
-0.98*
-0.05*
0.03
RoadForest (%)
Green tunnel of trees
8.4
0.60
0.21
0.32*
Current vegetation management
20.6
0.26
0.11
0.05*
Greater spacing of trees
71.0
-0.14
-0.05
-0.05*
RemovTree (Mean ±SD; scale 0-5)
2.1 ±1.6
-0.02
0.02
-0.01
Use (Mean ± SD; scale 4-20)
16.7 ±2.6
-0.03
0.01
-0.03
Biocentric (Mean ± SD; scale 3-15)
12.0 ±2.6
-0.04
0
0.05
Bequest (Mean ± SD; scale 4-20)
18.7 ±2.1
0.01
0.01
-0.03
Experience (Mean ± SD; scale 4-20)
19.1 ±1.8
0.09*
0.04
-0.01
LocReside (%)
Urban
3.0
-9.01*
1.23*
-0.12
Suburban
36.6
-2.94*
0.28*
-0.03
Semi-rural (also referred to as exurban)
34.1
1.88*
-0.15*
0.11
Rural
26.3
2.70*
-0.35*
-0.08
HhSize (Mean # of individuals ± SD)
2.6 ± 1.2
0.1*
0.05
-0.01
Children (% yes)
30.7
0.07*
0.07*
0.05
Sex (% Female)
51.0
0.06
-0.09*
0.06
Age (Mean age in years ± SD)
61.1 ±14.2
-0.07*
0.01
-0.07*
Tenure (Mean years in residence ±SD)
21.2 ±14.8
0.02
0.02
-0.04
Education (Mean ± SD; scale 1-7)
5.61 ±1.61
0.03
0.08*
-0.04
76

Income (Mean ± SD; scale 1-5)
4.23 ±1.13
0.14*
0.07*
-0.06
An asterisk (*) denotes significance at the 95% confidence level
b
Continuous survey variables: Mean ± SD; Categorical survey variables: Percent
c
Continuous survey variables: spearman’s correlation; Dichotomous survey variables: rank
biserial correlation; Categorical survey variables: mean of landscape principal component for
each response
a
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Table 2 Derivation of value orientation variables (n = 938)
Belief Statement

Variable (reliability)a
Use Biocentric Bequest Experience
(0.912) (0.703) (0.868) (0.878)
X
X
X
X
X
X
X
X
X

Humans should manage trees so that humans benefit
Losing trees is acceptable if the overall forest is maintained
We should use trees to add to the quality of human life
It is important for humans to manage trees
Trees have as much right to exist as humans
Nature has as much right to exist as humans
Trees have value whether humans are present or not
It is important that we always have abundant trees
It is important for me to know that trees exist
We should ensure that future generations have an abundance
X
of trees
It is important to maintain trees for future generations to enjoy
X
I enjoy seeing trees around my home
I notice trees around me every day
Having trees around my home is important to me
Trees are an important part of my community
a
Cronbach’s alpha (α) or Pearson’s r provided a measure of internal reliability for each group of
statements

X
X
X
X
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Parcel

Development Density

Tree Canopy Cover

Table 3 Landscape variable descriptions
Variable
Description

Units

Scale (m)

TCCRad

Tree cover within a radius of each household

%

TCCPar

Tree Cover within each household property
parcel

%

250, 500,
1000, 2000a
-

TCCParB

Tree cover within a parcel and a distance
buffered outward from the parcel

%

35b

TCCRoad

Tree cover within a road network of a
distance from each address point, and within
a buffer distance from road center line

%

ISA

Impervious surface area within a radius of
each household

%

Networkc:
250, 500,
1000, 2000
Bufferd: 15, 35
250, 500,
1000, 2000a

RoadDen

Length of roads per unit area, within a radius
of each household.

km/km2

250, 500,
1000, 2000a

HouseDen

Housing density within a radius of each
household. 2010 census block data.

Housing
Units/km2

250, 500,
1000, 2000a

DistUrbEdge

Distance to edge of urban area. Households
inside urban area = 0.

km

ParcelSize
HouseToRoad

Area of parcel.
Distance between house point and nearest
road.

ha
m

Medium/High
-Density,
High-Density
-

a

Radius distance from each household, creating a circular buffer area
Buffer distance outward from parcel boundary
c
Distance outward from household along a network of all possible roads
d
Buffer distance outward from road centerline
b
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Table 4 Factor loadings for all 30 landscape variables used in principal components analysis. Only
loadings > |0.3| are shown. Largest loadings for each variable are in bold
PC1
PC2
PC3
Eigenvalue
19.938
2.973
1.460
Percent Variance Explained
66.458
9.912
4.853
Cumulative % Variance explained
66.458
76.370
81.223
TCCRad 250m
0.853
TCCRad 500m
0.909
TCCRad 1000m
0.916
TCCRad 2000m
0.876
TCCPar
0.35
0.327
0.613
TCCParB 35m
0.337
0.314
0.759
TCCRoad Net: 250; Buf: 15m
0.568
0.73
TCCRoad Net: 250; Buf: 35m
0.51
0.794
TCCRoad Net: 500; Buf: 15m
0.508
0.797
TCCRoad Net: 500; Buf:35m
0.448
0.855
TCCRoad Net: 1000; Buf:15m
0.418
0.839
TCCRoad Net: 1000; Buf:35m
0.353
0.889
TCCRoad Net: 2000; Buf:15m
0.835
TCCRoad Net: 2000; Buf:35m
0.883
ISA 250m
-0.903
ISA 500m
-0.923
ISA 1000m
0.318
-0.925
ISA 2000m
0.342
-0.899
RoadDen 250m
-0.301
-0.774
RoadDen 500m
0.32
-0.86
RoadDen 1000m
0.368
-0.892
RoadDen 2000m
0.397
-0.865
HouseDen 250m
0.305
-0.827
HouseDen 500m
0.324
-0.85
HouseDen 1000m
0.325
-0.881
HouseDen 2000m
-0.894
DistUrbEdge High-Density
-0.309
0.711
DistUrbEdge Medium/High-Density
0.643
HouseToRoad
0.378
0.56
ParcelSize
0.596
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Table 5 Regression model results for AttAccountability, AttWelfare, and AttPower
AttAccountabilityb
βa
PC1
PC2
PC3
ExperiencedOutages
Generator
ObservedCrews
ContactedUtility
BeContacted
Knowledge
Outcome: Aesthetics
Outcome:
ReducedOutages
GreenTunnel:
MaintainLook
GreenTunnel:
OKChange
RoadForest
RemovTree
Use
Biocentric
Bequest
Experience
HhSize
Children
Tenure
Sex (female = 1)
Age
Education
Income
Constant

-0.033
0.002
0.028
0.025
-0.049
0.038
-0.149
0.090
0.208
-0.065
0.054

t

Eta

-0.932
0.054
0.845
0.746
-0.721
0.339
-1.986* 0.015
1.303
6.051* 0.281
-1.634
1.289

AttWelfarec
βa
-0.055
0.037
0.005
-0.014
0.018
0.362
-0.041
0.010
0.237
-0.006
0.131

t

AttPowerd
Eta

-1.575
1.117
0.157
-0.420
0.264
3.339* 0.138
-0.552
0.142
7.048* 0.331
-0.156
3.211* 0.248

βa

t

Eta

0.020 0.702
0.060 2.193* 0.082
0.019 0.688
-0.010 -0.367
-0.038 -0.674
0.069 0.769
0.046 0.753
-0.005 -0.080
0.339 12.098* 0.423
-0.007 -0.204
0.177 5.239* 0.376

-0.089 -1.715

-0.056 -1.108

-0.085 -2.018* 0.391

0.112 2.241* 0.304

0.097 1.996* 0.254

0.136

0.005
0.083
0.194
0.042
-0.109
0.019
0.042
0.063
-0.048
0.047
0.070
-0.042
-0.071
-0.065

0.016
0.077
0.265
-0.003
0.025
-0.007
-0.049
0.096
-0.094
0.279
0.065
0.037
-0.004
-0.514

0.025 0.888
0.120 3.970* 0.316
0.217 7.477* 0.400
-0.111 -3.542* 0.230
-0.045 -1.201
-0.045 -1.253
0.001 0.031
0.005 0.058
-0.014 -0.396
-0.119 -2.134* 0.188
0.081 2.007* 0.162
0.002 0.052
0.006 0.193
-0.013 -0.126*

0.141
2.237* 0.242
5.426* 0.28
1.082
-2.340* 0.058
0.431
0.969
0.634
-1.069
0.680
1.419
-1.159
-1.796
-0.530

0.471
2.124*
7.562*
-0.068
0.556
-0.170
-1.145
0.991
-2.154*
4.139*
1.346
1.023
-0.096
-4.288*

0.223
0.351

0.042
0.046

3.371* 0.407

a

Standardized coefficients reported. An asterisk (*) denotes significance at the 95% confidence level
R = 0.242 (Adj. R2 = 0.215), F = 8.945, p < 0.001
c 2
R = 0.293 (Adj. R2 = 0.267), F = 11.567, p < 0.001
d 2
R = 0.507 (Adj. R2 = 0.490), F = 28.795, p < 0.001
b 2
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Fig. 1 Study Areas in Connecticut, USA. Urban areas are shaded in gray (Department of Commerce,
2011)
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Fig. 2 PCA biplot showing LocReside across Principal Components 1 and 2.
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Chapter 4: Conclusion
The goal of this research was to better understand resident attitudes toward roadside
utility vegetation management by assessing both social and landscape factors among Connecticut
residents. I integrated social science data from a survey questionnaire with landscape analysis to
assess attitudes toward vegetation management, associated social factors, and the spatial
characteristics of households. My research revealed that resident attitudes were more strongly
associated with social factors than local landscape characteristics or location on the urban-rural
gradient.
Results from chapter 2 revealed that residents perceived that vegetation management is
done with accountability, improves public safety, and reliable power is more important relative
to protecting trees. Greater roadside tree cover near households may be associated with the
perception that reliable power is more important than trees. Knowledge about trees and
importance of aesthetics also demonstrated importance in determining attitudes. However,
associations between development density variables and attitudes toward vegetation management
may be complicated by the largely exurban landscape of Connecticut. Attitudes also likely
exhibit multi-scale complexity in regard to resident perceptions of individual trees near their
homes. For example, a resident may have a tree in their yard or on their street that they would
like to keep (or remove). These fine-scale, specific attributes or emotional evaluations of trees
were not measured in this study, but may be a useful direction for further research.
In chapter 3, although attitudes toward vegetation management variables did not reveal
an overall strong urban-rural trend, other variables on the survey did exhibit such trends. Across
the urban-rural gradient, respondents that were more rural were more likely to report that they
had experienced a greater number of power outages, owned a generator, believed outages were
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likely to occur in their area, had observed vegetation management in their neighborhood, and had
contacted (or been contacted by) the utility about vegetation management. Socioeconomic
differences also existed such that household locations that were more rural were more likely to
have larger households, children in their household, and greater income.
Differences in social variables across the two study areas suggest regional influences in
resident perceptions of the location in which they live. While our landscape measurements
showed that the East study area is less rural than the West, with less roadside tree cover, a greater
number of respondents in the East described their location as “rural”, while more respondents in
the West chose “suburban.” I suspect that West respondents were less likely to describe their
locations as rural because of their proximity to the New York City metropolitan area. West
respondents also exhibited greater knowledge about trees, less acceptability of changing the
“green tunnel,” less preference for an illustration depicting greater spacing of roadside trees, less
acceptability of removing trees on their property, more individuals (and children) in their
households, higher educational attainment, and greater income. While these regional differences
did not extend to differences in attitudes toward vegetation management, results suggest that
residents in each study area may experience different lifestyles and local cultures.
Understanding social factors can help managers to adapt management to resident
preferences. Respondents with less knowledge about trees, preferences for aesthetics over
reduced power outages, unwillingness to accept changes to the “green tunnel”, unwillingness to
accept removal of roadside trees, and low scale scores for utilitarian value orientations (i.e.,
disagreement that trees should be used for human benefits) were more likely to have negative
attitudes toward vegetation management. Negative attitudes were also associated with younger
respondents and lesser income, though the impact of these variables was not substantial. While
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these factors place resident preferences at odds with particular goals of vegetation management,
a focus on outreach materials for tree knowledge or improving the appearance of management
practices may help create balance between management practices and public response.
This research contributed to our knowledge of human dimensions of roadside utility
vegetation management in Connecticut. The majority of residents had favorable attitudes toward
management, indicating a perception that reliable power is more important than protecting trees.
While the literature suggests that people tend to appreciate roadside trees (Netusil et al., 2010; H.
W. Schroeder & Cannon, 1987; Weber et al., 2014), and a majority of our respondents agreed
that trees are important to their community, most respondents also recognized the need for tree
trimming and removal in order to provide reliable electric power.
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