
 

 
 

 

 
Land 2021, 10, 308. https://doi.org/10.3390/land10030308 www.mdpi.com/journal/land 

Article 

Comparison of Attitudes Towards Roadside Vegetation  

Management Across an Exurban Landscape 

Steven DiFalco and Anita T. Morzillo * 

Department of Natural Resources and the Environment, University of Connecticut,  

Storrs, CT 06269-4087, USA; steven.difalco@uconn.edu 

* Correspondence: anita.morzillo@uconn.edu 

Abstract: Exurban development is the fastest growing land use across the United States (US). Its 

prevalence on the East Coast is susceptible to natural disaster events such as hurricanes and 

nor’easters. However, the socio-ecological processes related to disaster mitigation within exurban 

areas remain understudied. Our objective was to integrate social and landscape data to compare 

resident attitudes towards utility roadside vegetation management across four areas in the state of 

Connecticut, US. We collected data from residents using two mail surveys completed in 2017 and 

2019 (n = 1962). From the survey questions, three attitude variables measured perceptions of the 

utility vegetation management process, and tradeoffs between protecting trees and maintaining re-

liable power. Across all locations, respondents with more favorable attitudes toward vegetation 

management were more likely to have greater knowledge about trees, and beliefs that trees should 

be used for human benefit; land cover characteristics and sociodemographic variables were less 

strongly associated with attitudes scores. Respondents differed among study areas in their prefer-

ences for aesthetics of roadside trees and their basic beliefs regarding the importance of trees. The 

results suggested that social processes within the exurban landscapes are spatially heterogeneous. 

Therefore, local variation in residential preferences for vegetation management may influence sup-

port for natural disaster management policy. 

Keywords: human dimensions; exurban landscapes; vegetation management; natural disasters;  

natural resource management; storms 

 

1. Introduction 

Exurban development, also referred to as low-density development, is the fastest-

growing land-use type in the United States (US) [1,2]. Exurban land use and development 

affect landscape-level processes, including human-wildlife conflicts [3,4], wetland perma-

nence [5], and species diversity [6,7]. Despite ecological knowledge, socio-ecological pro-

cesses among exurban landscapes are less studied [8], particularly at the landscape level 

and in comparison to urban and rural landscapes [9–12]. Exurban areas were originally 

defined for wildfire mitigation along the wildland-urban interface in the western US [13]. 

However, the extent of exurban lands are more prevalent in the eastern US [14], where 

they are susceptible to a broad range of natural disasters including hurricanes [15,16], 

nor’easters [17], ice storms [18], forest fires [19], and severe flooding [20]. Given the ex-

pected growth of exurban development [2,21–23], and the projected increase in severity 

and frequency of natural disaster events [24], social processes are likely to influence sup-

port for mitigation strategies for natural disasters [20,25] within the expanding exurban 

land use classification. 

Natural disaster events influence public risk perceptions and support for landscape-

level policies to mitigate for disaster impacts [26–29]. Large storm events can lead to 

power outages, causing safety concerns [17], financial hardship [30], and mental health 
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effects [31] among residents and communities. Specific to this study were severe power 

outages caused by storm events, such as Tropical Storm Irene, Storm Alfred [i.e., “the Oc-

tober Snowstorm”], and Hurricane Sandy along the northeastern US coast in 2011 and 

2012. Trees are a leading cause of power outages in forested regions during such storm 

events [32] and have the potential to cause widespread outages [33,34]. Impacts from these 

storms led to the implementation of mitigation strategies such as more aggressive vegeta-

tion management protocols for the region through creation of more sustainable roadside 

forests (e.g., [35]), and smart grid systems to diffuse storm damage potential [36]. In the 

state of Connecticut, new policies and regulations were passed to improve utility infra-

structure and safety [37], including the Electric Company Tree Trimming and Property 

Law, which specifically designated the utility work zone as eight feet horizontally from 

the outermost company powerline and vertically from ground to sky, and encourages tree 

trimming [38]. Utility companies were also federally mandated to manage vegetation 

around transmission system structures in an attempt to prevent future power outages 

[39]. In Connecticut, tree wardens issue permits for tree trimming and removal within the 

public right of way; if the planned tree work is in the right of way, abutting property 

owners must be notified and have the ability to modify or refuse the work, whereas home-

owners must provide consent for planned tree work on private property [38,40]. Although 

public relations has been reported as the most challenging aspect of the vegetation man-

agement process [41], limited research exists on public attitudes towards roadside vege-

tation management. 

To explore the social processes related to natural disaster management, we assessed 

resident attitudes toward utility vegetation management within exurban Connecticut. 

Previous research focused on social dynamics related to vegetation management has in-

cluded attitudes and knowledge of tree topping practices [42], attitudes about tree re-

placement and planting programs [43,44], and the importance of trees to residents [45]. 

Among the few studies that have evaluated public perceptions of utility vegetation man-

agement in exurban landscapes, Hale and Morzillo [46] suggested that attitudes towards 

vegetation management are influenced by both social-psychological and residential con-

text variables, and Kloster [47] indicated diverse reasons for homeowner’s consenting or 

objecting to utility removal of hazard trees, with personal affinity for individual trees be-

ing influential to the decision-making process. 

The objectives of this study were to: (1) compare differences in attitudes toward veg-

etation management across four study areas of Connecticut, and (2) evaluate variables 

that influenced differences in attitude scores. Although exurban landscapes have been de-

scribed as a homogeneous land use category [48], we hypothesized that social processes 

instead would be heterogenous given the diversity of social processes found among other 

land use categories; i.e., urban [9,49], suburban [50], and rural [51,52]. Ancillary evidence 

also suggested that exurban social processes are multi-scalar and heterogeneous [46], with 

variations influenced by regional histories and geographic differences [53]. More dis-

cretely, past research also suggests that decision-making about trees is influenced by in-

dividual level of knowledge about vegetation management practices [43,54], individual 

forest-related value orientations [55,56], local landscape characteristics [49,57–59], aes-

thetic preferences [44,60], and sociodemographics [9]. Therefore, based on these studies 

and others (e.g., [46]), we also hypothesized that attitudes towards vegetation manage-

ment would be influenced by knowledge about trees and vegetation management, beliefs 

that humans should use trees for human benefit, percentage of proximal tree cover, and 

sociodemographic characteristics.  
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2. Materials and Methods 

2.1. Study Area 

Connecticut is a small state (14,357 km2) located within the northeastern US, and has 

experienced rapid population growth and exurbanization since the 1950s [61]. A combi-

nation of Connecticut’s high proportion of forest cover (72.6% of the state, [62]) and high 

population density (285 people/km2, [63]) results in the state having the greatest propor-

tion of wildland-urban interface in the US (65.6%, [14]). Four geographically distinct study 

areas in Connecticut (Figure 1) were selected based on discussions with project partners 

and interviews with utility employees (n = 7; author unpublished data); additional criteria 

included current utility provider, distribution across an urban-rural gradient, ongoing is-

sues with vegetation-influenced power outages, and current or recent utility vegetation 

management activity along roadsides in that location [46]. 

 

Figure 1. Study areas sampled as part of this analysis within the state of Connecticut. 

2.2. Data Collection 

Social science data were collected from the Northeast and Southwest study areas in 

2017 [46], and the Northwest and Southeast study areas in 2019. Data were collected using 

a mail survey, which consisted of questions that addressed five main topics: experiences 

with power outages, attitudes toward roadside vegetation management, roadside tree 

and forest management preferences, knowledge about trees and tree health, and back-

ground information including individual relationship with the environment and socio-

demographics. 

Surveys were mailed to individual households within each of the four 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. 

To focus sampling on residents involved in property-level tree management decisions, the 

sampling effort was focused on single-family owner-occupied households. Post office 

boxes, seasonal homes, mail drops, and vacant homes were excluded from the sample. 

Based on expected response rate and a desired sampling error of α = 0.05 (95% confidence 

interval, [64]), 1800 surveys were mailed to each study area. The survey was sent to an 

equal number of urban and rural respondents, as designated by the 2010 Census classifi-

cation of urban and rural [63]. 

A modification of the Tailored Design Method was used for data collection [65]. Mul-

tiple mailings were used as an effort to increase response rate and included: (1) a pre-

notice postcard to introduce the project, (2) a packet containing a cover letter, survey and 

pre-paid return envelope, (3) a reminder/thank you postcard, and (4) a second survey 
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packet to those who had not yet responded. To evaluate potential for non-response bias, 

non-respondents to the original survey received a short follow-up mail survey focusing 

on ten key items from the original survey. The University of Connecticut Institutional Re-

view Board (IRB) granted permission for use of human subjects (IRB #H16-007). 

2.3. Dependent Variables 

Attitudes measure favor or disfavor towards a person, object, event, or situation [66]. 

Past research relevant to this study has included evaluating attitudes related to urban tree 

maintenance [67], native trees [68], and forest management [69]. To assess attitudes to-

ward vegetation management, we measured respondent agreement with a series of atti-

tude statements on the survey. Responses were coded using a five-point Likert scale meas-

uring level of agreement (5 = strongly agree; 1 = strongly disagree). Principle component 

analysis (PCA) with varimax rotation was used to reduce the number of attitude state-

ments to those that factored together and create scale scores. Cronbach’s alpha (α) was 

used to test the internal reliability of groups of statements that factored together [70]. Fol-

lowing Hale and Morzillo [42], statements that factored together were summed, resulting 

in three scale-based variables: AttProfessional, AttSafety, and AttTradeoff. 

Six attitude statements were used to construct a scale score for AttProfessional (2017: 

α = 0.880, n = 967; 2019: α = 0.894, n = 939), which focused on the perceived professionalism 

of vegetation managers: (a) Those who do vegetation management care about trees, (b) 

Those who do vegetation management care about minimizing outages, (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 scores in-

dicated greater perceived accountability of vegetation management practices. The possi-

ble and actual scale scores ranged from 6–30. 

Four attitude statements were used to construct a scale score for AttSafety (2017: α = 

0.764, n = 967; 2019, α = 0.759, n = 939), which focused on the perceived safety of vegetation 

management: (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 (d) Clearance of power lines 

through vegetation management minimizes power outages. Greater scores indicated 

greater perceived safety from vegetation management. Possible and actual scale scores 

ranged from 4–20. 

Five attitude statements were used to construct a scale score for AttTradeoff (2017: α 

= 0.758, n = 986; 2019: α = 0.789, n = 946), which focused on the tradeoffs between protecting 

trees and tree trimming to reduce power outages: (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 trim-

ming must be done to keep the power on, (d) Reliable power is more important than pro-

tecting trees, and (e) More intensive tree work now will require less frequent management 

over the long term. Greater scale scores indicate greater importance placed on power com-

pared to trees. Possible and actual scale scores ranged from 5–25. 

2.4. Independent Variables 

Based on the past literature focused on human dimensions of tree and vegetation 

management as related to storm events (e.g., [4,9,42,43,46,54], twenty-two independent 

variables were constructed for analysis. Sixteen social survey variables derived from sur-

vey questions, and five residential context variables derived from each respondent’s geo-

graphic location (Table 1).  
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Table 1. Sample characteristics of variables reported by study area. 

Variable (n) Northeast Southwest Northwest Southeast All 

AttProfessional (1904, mean ± SD; scale 6–30) a d 21.4 ± 5.0 20.5 ± 4.9 20.8 ± 5.2 20.3 ± 5.6 20.8 ± 5.2 

AttSafety (1904, mean ± SD; scale 4–20) a d f  17.2 ± 2.5 17.1 ± 2.4 17.0 ± 2.5 16.6 ± 2.7 17.0 ± 2.5 

AttTradeoff (1931, mean ± SD; scale 5–25)  20.0 ± 3.5 20.2 ± 3.5 20.1 ± 3.6 20.0 ± 3.7 20.1 ± 3.6 

KnowTree (1931, mean ± SD; scale 4–20) a b f g  16.3 ± 1.7 16.7 ± 1.7 16.5 ± 1.8 16.2 ± 2.0 16.4 ± 1.8 

Abundant (1832, mean ± SD; scale 9–45) a d f  42.3 ± 4.2  42.5 ± 3.8  42.2 ± 4.1 41.6 ± 4.7  42.1 ± 4.2 

Biocentric (1832, mean ± SD; scale 3–15) 12.1 ± 2.6 11.9 ± 2.5 11.9 ± 2.8 12.1 ± 2.7 12.0 ± 2.7 

Use (1828, mean ± SD; scale 4–20) 16.7 ± 2.6 16.7 ± 2.5 16.7 ± 2.5 16.6 ± 2.6 16.7 ± 2.6 

HouseholdSize (1692, mean # of individuals ± SD) a b e f 2.5 ± 1.2  2.8 ± 1.3  2.5 ± 1.3  2.4 ± 1.1 2.6 ± 1.2 

Children (1700, % households with children) a b e f 26.3  36.3  23.9  20.2  26.4 

Sex (1912, % female)  52.6 49.0 50.5 57.5 52.4 

Age (1812, mean age in years ± SD) 60.8 ± 14.7 61.5 ± 13.5 61.5 ± 14.5 60.8 ± 14.0 61.1 ± 14.2 

Tenure (1911, mean years ± SD) 21.3 ± 14.6 21.1 ± 14.9 21.6 ± 15.8 22.1 ± 15.2 21.5 ± 15.1 

KnowWind (1881, %)      

 Round crown with thick trunk 61.7 60.9 62.7 58.6 61.1 

 Round crown with thin trunk 28.3 30.0 28.1 30.9 29.2 

 Crown cropped one side; thin trunk 10.0 9.1 9.2 10.5 9.7 

OutcomeAesthetics (1864, %) 22.7 24.1 23.7 17.2 22.0 

OutcomeReducedOutages (1864, %) 49.1 50.2 51.0 52.2 50.5 

GreenTunnel (1890, %) a      

 I have no opinion about this d e f 15.9  13.5  21.6  22.7  18.4 

 
I am OK with this changing if it results 

in fewer outages 
54.7 49.2 48.3 51.4 51.1 

 It is important to maintain this look f 29.4 37.3  30.0 25.8  30.5 

RoadForest (1853, %)      

 Green tunnel of trees  6.8 10.5 6.7 8.0 7.9 

 Current vegetation management  18.9 22.8 22.5 20.2 21.0 

 Greater spacing of trees  74.3 66.7 70.8 71.7 71.1 

LocReside (1857, %) a      

 Rural b e f 32.3  18.8  27.4  32.8  28.1 

 
Semi-rural (also referred to as 

exurban) f 
31.2 37.6  31.9 28.7  32.3 

 Suburban b f 32.5  41.9  37.3 28.9  35.0 

 Urban d f g 4.0  1.7  3.4  9.6  4.6 

Education (1907, %) a      

 Less than high school 0.9 0.2 0.0 0.9 0.5 

 High school or equivalent b e f 9.3  3.5  7.9  12.9  8.4 

 Some college b 13.3 7.9  10.1 13.1 11.2 

 Vocational or trade school e f 5.4 2.1  6.2  6.9  5.2 

 College degree (2-year or certificate) b f 10.9  5.6  10.1 11.1  9.5 

 College degree (Bachelor’s) f 28.3 35.9  29.8 26.4  29.9 

 Graduate or professional degree b e f 31.8  45.1  36.0 28.8  35.1 

Income (1629, %) a      

 Less than $25,000 3.6 2.9 6.8 5.8 4.8 

 $25,000–$49,999 b e f 14.9  4.6 11.9  12.3  11.3 

 $50,000–$74,999 b f 19.8  9.2  9.2  19.6  14.8 

 $75,000–$99,999 f 18.1  11.7 15.3 21.2  16.8 

 $100,000 or more b c e f g 43.6  71.6 56.9 41.1 52.4 

Developed (1959, %) a c 42.2 ± 33.4 38.8 ± 32.1 36.1 ± 28.9 37.4 ± 31.4 38.7 ± 31.6 

Tree (1959, %) a b c 47.6 ± 30.4 54.0 ± 30.5 55.4 ± 27.6 52.1 ± 29.4 52.1 ± 29.6 
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Parcel Size (1955, acre) 2.3 ± 5.5 2.1 ± 2.0 2.6 ± 5.9 4.3 ± 26.6 2.9 ± 13.6 

DistToRoad (1959, m) a b d e 40.1 ± 36.5 53.1 ± 38.6 43.7 ± 31.8 48.9 ± 49.2 46.0 ± 39.6 

DistUrban(1959, km) a b c d e f g 26.7 ± 9.0 28.8 ± 9.0 28.8 ± 9.1  65.5 ± 10.2 37.5 ± 18.2 

a Significant difference among study areas (p < 0.05): AttProfessional (F3,1900 = 4.050, p = 0.007); AttSafety (F3,1900 = 5.366, p = 

0.001); KnowTree (F3,1927 = 6.894, p < 0.000); Abundant (F3,1828 = 3.717, p = 0.011); HouseholdSize (F3,1744 = 7.871, p < 0.001); Children 

(χ2 = 28.116, df = 3, p < 0.001); GreenTunnel (χ2 = 26.898, df = 6, p < 0.001); LocReside (χ2 = 71.027, df = 9, p < 0.001); Education 

(χ2 = 85.227, df = 18, p < 0.001); Income (χ2 = 112.340, df = 12, p < 0.001); Development (F3,1955 = 3.693, p = 0.011); Tree (F3,1955 = 

6.971, p < 0.001); DistToRoad (F3,1955 = 10.392, p < 0.001); DistUrban (F3,1955 = 1886.195, p < 0.001). Tukey’s HSD differences 

between study areas (p < 0.05): b Northeast and Southwest strata; c Northeast and Northwest; d Northeast and Southeast; e 

Southwest and Northwest; f Southwest and Southeast strata; g Northwest and Southeast. 

2.4.1. Social Survey Variables 

The respondents’ knowledge (KnowTree) about trees was assessed using the sum of 

responses to four true knowledge statements (5 = strongly agree; 1 = strongly disagree; 

[54]: (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, and (d) Rural trees typically live longer than urban 

trees. Greater scale scores were attributed to greater knowledge about trees. To evaluate 

the respondents’ knowledge of tree wind resistance (KnowWind), respondents selected 

from one of three tree illustrations that they believed was most resistant to wind damage: 

(a) round crown with a thick trunk, (b) round crown with a thin trunk, or (c) crown 

cropped to one side with a thin trunk. Trees with full crowns and thick trunks are consid-

ered more wind resistant [71], therefore, KnowWind was coded with “round crown with a 

thick trunk” = 1 and all other responses = 0. 

Resident preference for vegetation management was assessed using four survey var-

iables. For GreenTunnel, respondents were asked their opinion about the aesthetic “green 

tunnel of trees along roadsides in Connecticut”: (a) It is important to maintain this look, 

(b) I am OK with this changing if it results in fewer outages, or (c) I have no opinion about 

this. GreenTunnel represented a preference for reliable power over a green tunnel visual 

aesthetic (“I am OK with this changing if it results in fewer power outages” = 1, all other 

responses = 0). For RoadForest, respondents selected their preference for one of three illus-

trations depicting roadside forests of different management styles: (a) trees forming a can-

opy above roadway and power lines, (b) trees trimmed in current management technique, 

and (c) trees trimmed further from the road and away from power lines and roadway. 

RoadForest represented acceptance for roadside forest management (response indicating 

trees trimmed further from the road and away from power lines and roadway = 1, all other 

responses = 0). Two variables were used to assess which outcome of tree and vegetation 

management along roadsides was considered most important to respondents: Out-

comeReducedOutages represented a preference for reducing outages as the most important 

outcome of vegetation management (“Reduced number of power outages”= 1, all other 

responses = 0), and OutcomeAesthetics represented the aesthetic outcome as the most im-

portant outcome of vegetation management (“Aesthetics when finished” = 1, all other re-

sponses = 0). 

Value orientations are amalgamations of basic beliefs held by individuals [72], which 

form the basis for understanding attitudes, and behaviors towards natural resource man-

agement [73,74]. Each value orientation was derived from a set of belief statements coded 

using a five-point Likert scale (5 = strongly agree; 1 = strongly disagree), and responses 

were summed to create scale scores (Table 2). Based on past literature [73,75], three value 

orientation scale scores were constructed to measure specific belief dimensions described 

as follows: Abundant measured importance of having abundant trees around respondent’s 

home, Biocentric measured perception that nature has an inherent worth, and Use meas-

ured belief that trees should be utilized for human benefit.  
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Table 2. Derivation of value orientation variables (n = 1828). 

 Variable (Reliability) a 

Belief Statement 
Abundant 

(0.910) 

Biocentric 

(0.717) 

Use 

(0.634) 

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  

Nature has as much right to exist as humans  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   

It is important for me to know that trees exist X   

We should ensure that future generations have an abundance of trees X   

It is important to maintain trees for future generations to enjoy X   

I enjoy seeing trees around my home X   

I notice trees around me every day X   

Having trees around my home is important to me X   

Trees are an important part of my community X   
a Cronbach’s alpha (α) measures internal reliability for each variable. 

Data related to eight sociodemographic variables also was collected and included: 

household size (HouseholdSize; number of individuals in household); whether any house-

hold members were less than 18 years old (Children; yes or no); respondent sex (Sex; male 

or female); year respondent was born (Age in years); and length of time respondent has 

lived at their current address (Tenure in years). Respondents selected their perceived res-

idential classification (LocReside) from the following categories: (a) urban, (b) suburban, 

(c) semi-rural (also referred to as exurban), and (d) rural. For Education, respondents se-

lected all that apply for seven formal education levels: (a) Less than high school, (b) High 

school or equivalent (e.g., GED), (c) Some college, (d) Vocational or trade school, (e) Col-

lege degree (2-year or certificate), (f) College degree (Bachelor’s), or (g) Graduate or pro-

fessional degree Education represented the highest education level selected. For household 

income (Income), respondents selected from among five income groups ranging from 

<$25,000 to ≥$100,000. 

2.4.2. Residential Context 

We developed five metrics to assess whether attitudes toward vegetation manage-

ment were influenced by residential context. Two land cover variables (TreeCover and De-

velopment) were created using 30-m resolution National Land Cover Database (NLCD) 

2016 raster data [76] to assess the landscape context around each respondent’s home. Per-

cent forested land cover (TreeCover) was created by reclassifying the NLCD forest land 

cover classes (deciduous, coniferous, and mixed forest) into a single raster layer repre-

senting all forested lands. Percent developed (Developed) was created by reclassifying the 

NLCD developed land cover classes (developed open space, low, medium, and high in-

tensity development) into a single raster layer representing developed land. Land cover 

variables were calculated as the proportion of land within each of the two cover types at 

six buffer radii distances (250 m, 500 m, 750 m, 1000 m, 1500 m, and 2000 m) using the 

Zonal Statistics as Table tool in ArcGIS [77]. The 250 m buffer was selected for both land 

cover variables after observing high collinearity (Pearson’s r > 0.7) among buffer distance 

pairs. Respondent’s property size (Parcel Size) was calculated from regional government 
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parcel data [78]. DistUrban was calculated using the distance from the respondent’s loca-

tion to the nearest Connecticut city with a population greater than 100,000 [79], using the 

shortest network path identified by the ArcMap Origin Destination Cost Matrix tool [80]. 

Connecticut 9–1-1 roadmap [81] was used to create a road network for calculating distance 

in meters from the respondent’s location to the nearest road (DistToRoad). 

2.5. Data Analysis 

The responses among study areas were compared using ANOVA or chi-square, [82], 

and Tukey’s HSD test [83]. Linear regression was used to further identify independent 

variables that could explain the differences found among study areas. Regression model 

residuals were tested for spatial autocorrelation to test assumptions of independence [78]. 

Alpha values were defined as significant at the 95% confidence interval (α = 0.05). Effect 

size (Eta) was calculated, as appropriate, to assess the strength of relationship between 

variables [84]. Statistical analyses were conducted in SPSS (SPSS, Inc. Chicago, IL, USA) 

and R programming language. Spatial analyses were completed using ESRI ArcGIS 10.6.1 

(ESRI) and Python 2.7.10 using the ArcPy module. 

3. Results 

Collectively, 1962 completed surveys were returned (response rate = 27.3%; North-

east n = 555; Southwest n = 443; Northwest n = 495; Southeast n = 466; Table 1). Among the 

respondents sampled, 52.4% were female, average age was 61.1 (±14.2) years, and the av-

erage residential tenure was 21.5 (±15.1) years. On average, respondents indicated either 

a Bachelor’s (29.9%) or an advanced degree (35.1%) as the greatest level of formal educa-

tion completed and had a household income of $100,000 or more (52.4%). Respondents 

self-identified their residential location as rural = 28.1%, exurban = 32.3, suburban = 35.0, 

and urban = 4.6% (LocReside). Compared to the overall population of the study areas, sur-

vey respondents were older, had more formal education completed, and greater house-

hold incomes [85]. Compared with the original survey respondents, those who completed 

the non-response follow-up survey (n= 347) were younger, less likely to have been in their 

current residence during recent major storms, more likely to agree that reliable power is 

more important than protecting trees, and more likely to agree that more intensive tree 

work now will require less frequent management over the long term. 

Overall, respondents had relatively favorable attitude scores towards roadside veg-

etation management with average scale scores greater than the median (Table 1). Re-

sponses suggested that participants were generally knowledgeable about trees 

(KnowTree), amenable to changing roadside forests to reduce power outages (GreenTunnel) 

and accepting of vegetation management actions that resulted in greater spacing of trees 

(RoadForest). Half of respondents selected ‘Reduced number of power outages’ as the most 

important desired outcome of vegetation management (OutcomeReducedOutages; Table 1). 

Respondents had an average parcel size of 2.9 (±13.6) acres and were, on average, 37.5 

(±18.2) kilometers away from the nearest urban center (DistUrban). Land cover within 250 

m of respondents’ home was, on average, 39% developed and 52% forested. 

Comparisons among study areas revealed differences for 12 independent variables 

(KnowTree, Abundant, HouseholdSize, Children, GreenTunnel, LocReside, Education, Income, 

Developed, Tree, DistToRoad, and DistUrban; Table 1). For example, the Southwest study 

area had larger households (HouseholdSize), a greater percentage of households with chil-

dren (Children), greater levels of formal education completed (Education), and a greater 

percentage of respondents with an income of $100,000 or more (Income) than the other 

study areas (Table 1). 

Comparative analysis revealed differences among study areas for two of the three 

dependent variables (AttProfessional and AttSafety): AttProfessional (F3,1900 = 4.05, p = 0.007) 

and AttSafety (F3,1900 = 5.37, p = 0.001). For AttProfessional, Northeast scale scores were more 

likely to be greater than those in the Southeast (Northeast mean ± SD = 21.4 ± 5.0; Southeast 

= 20.3 ± 5.6, p= 0.006). For AttSafety, Southeast scores were more likely to be lower than 
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those in both the Northeast (Southeast = 16.6 ± 2.7; Northeast = 17.2 ± 2.5; p = 0.001) and 

Southwest (Southeast = 16.6 ± 2.7; Southwest = 17.1 ± 2.4; p= 0.011). Greater AttProfessional 

scores were more likely to be associated with greater KnowTree, GreenTunnel, and Use 

scores across all four locations (Table 3). Greater AttProfessional scores were more likely to 

be associated with greater OutcomeReducedOutages scores in the Southwest and Northwest 

and Developed and Tree in the Northwest. Less favorable AttProfessional scores were more 

likely to be associated with greater scores for Abundant in the Northeast and greater Tenure 

values in the Southwest study areas, respectively. Greater AttSafety scores were more 

likely to be associated with greater KnowTree and Use scores across all four locations (Table 4). 

Greater AttSafety scores were more likely to be associated with greater GreenTunnel scores 

in the Northeast, Northwest, and Southeast. Greater AttSafety scores were more likely to 

be associated with greater OutcomeReducedOutages scores in the Northeast, Southwest, 

and Northwest. Greater AttSafety scores were also more likely to be associated with female 

respondents (Sex) for the Northeast, Southeast, and Northwest study areas. 

Table 3. Results of regression analysis a for AttProfessional across each of the four study areas. 

 Northeast b Southwest c Northwest d Southeast e 

Variables B t B t B t B t 

KnowTree 0.19 4.050.37 0.27 4.990.38 0.31 6.510.35 0.21 3.830.35 

KnowWind  −0.14 −1.49 0.07 0.66 0.04 0.41 −0.12 −1.07 

GreenTunnel 0.38 3.810.32 0.40 3.560.25 0.25 2.440.27 0.35 2.920.29 

OutcomeReducedOutages 0.15 1.40 0.36 2.730.26 0.38 3.190.29 0.12 0.95 

OutcomeAesthetics −0.12 −0.95 −0.12 −0.81 −0.23 −1.75 −0.20 −1.26 

RoadForest 0.14 1.26 −0.10 −0.82 0.09 0.83 −0.06 −0.46 

Use 0.17 3.460.32 0.19 3.390.41 0.14 2.670.32 0.19 3.250.38 

Abundant −0.13 −2.310.27 −0.04 −0.64 −0.07 −1.23 −0.10 −1.56 

Biocentric 0.10 1.79 0.05 0.77 −0.04 −0.66 −0.04 −0.61 

Tenure −0.01 −0.12 −0.13 −2.070.18 −0.03 −0.47 −0.06 −0.88 

Sex −0.01 −0.13 0.10 0.88 −0.01 −0.08 0.08 0.70 

Age 0.10 1.66 0.00 0.00 0.03 0.52 0.04 0.50 

Education −0.01 −0.27 −0.03 −0.48 −0.04 −0.70 −0.05 −0.89 

Income −0.09 −1.84 −0.06 −1.03 −0.02 −0.33 −0.02 −0.25 

Developed −0.05 −0.46 0.21 1.25 0.26 2.120.29 0.14 0.94 

Tree −0.05 −0.43 0.17 1.07 0.23 2.020.28 0.20 1.43 

DistToRoad 0.03 0.55 0.04 0.65 0.04 0.82 0.02 0.36 

ParcelSize −0.06 −1.10 0.08 1.28 0.01 0.22 0.01 0.16 

DistUrban 0.10 1.73 −0.06 −0.79 0.01 0.21 0.01 0.20 
a Standardized coefficient (B) and t-statistic (t) reported. Superscript designates effect size (Eta) for variables identified as 

significant at p < 0.05. b R2 = 0.241 (Adj. R2 = 0.202), F = 6.155, p < 0.001; n = 387. c R2 = 0.300 (Adj. R2 = 0.252), F = 6.259, p < 

0.001; n = 297. d R2 = 0.306 (Adj. R2 = 0.265), F = 7.504, p < 0.001; n = 343. e R2 = 0.222 (Adj. R2 = 0.173), F = 4.549, p < 0.001; n = 

322.  
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Table 4. Results of regression analysis a for AttSafety across each of the four study areas. 

 Northeast b Southwest c Northwest d Southeast e 

Variables B t B t B t B t 

KnowTree 0.24 5.090.35 0.29 5.540.40 0.25 4.950.33 0.19 3.590.44 

KnowWind  −0.09 −0.95 0.17 1.61 −0.02 −0.17 −0.19 −1.74 

GreenTunnel 0.33 3.320.28 0.16 1.51 0.29 2.660.27 0.32 2.740.29 

OutcomeReducedOutages 0.23 2.160.24 0.39 3.120.30 0.29 2.370.25 0.08 0.69 

OutcomeAesthetics −0.08 −0.65 −0.1 −0.7 −0.1 −0.73 −0.25 −1.59 

RoadForest 0.08 0.73 0.04 0.34 0.02 0.17 0.07 0.56 

Use 0.27 5.450.40 0.26 4.820.46 0.25 4.800.40 0.23 4.020.40 

Abundant 0.01 0.25 0.07 1.14 0.04 0.64 0.11 1.84 

Biocentric 0.03 0.54 0.03 0.46 −0.11 −1.84 −0.08 −1.3 

Tenure −0.06 −0.95 −0.12 −1.88 −0.02 −0.32 0 0.08 

Sex 0.22 2.320.01 0.24 2.250.09 0.23 2.270.02 0.07 0.65 

Age 0.03 0.52 0.08 1.26 −0.04 −0.6 −0.06 −0.9 

Education 0.05 0.99 0.02 0.43 −0.02 −0.34 0.03 0.44 

Income −0.08 −1.54 0.06 1.05 −0.02 −0.35 0.01 0.09 

Developed 0.11 0.92 0.05 0.32 0.17 1.38 0 0 

Tree 0.16 1.38 0.04 0.27 0.17 1.44 0.09 0.64 

DistToRoad 0 0.04 −0.01 −0.25 0.04 0.66 0 0.03 

ParcelSize −0.07 −1.38 0.06 1.07 0.01 0.14 0.04 0.84 

DistUrban 0.02 0.3 −0.13 −1.96 −0.01 −0.11 0.1 1.39 
a Standardized coefficient (B) and t-statistic (t) reported. Superscript designates effect size (Eta) for variables identified as 

significant at p < 0.05. b R2 = 0.267 (Adj. R2 = 0.230), F = 7.070, p < 0.001; n = 387. c R2 = 0.349 (Adj. R2 = 0.304), F = 7.815, p < 

0.001; n = 297. d R2 = 0.260 (Adj. R2 = 0.216), F = 5.972, p < 0.001; n = 343. e R2 = 0.241 (Adj. R2 = 0.193), F = 5.063, p < 0.001; n = 

322. 

AttTradeoff scale scores did not differ among study areas (F3,1927 = 0.39, p = 0.762); 

therefore, data were pooled (Table 5; “All” column). Regression analysis revealed that 

respondents who favored reliable power over protecting trees were more likely to have 

greater knowledge about trees (KnowTree), amenable to changing the green tunnel (Green-

Tunnel), considered reducing power outages the most important outcome of vegetation 

management (OutcomeReducedOutages), believed trees should be for human use (Use), and 

accepted roadside forests that result in greater spacing between trees (RoadForest; Table 5). 

Respondents with greater AttTradeoff scores also were less likely to find aesthetics an im-

portant outcome of vegetation management (OutageAesthetics), believe trees are important 

(Abundant and Biocentric), and be female (Sex). Across all four study areas, greater Att-

Tradeoff scores were more likely to be associated with greater KnowTree, GreenTunnel, Out-

comeReducedOutages, and Use scores. Greater AttTradeoff scores were more likely to be as-

sociated with greater RoadForest scores and male respondents (Sex) in the Northwest and 

Southeast. Less favorable AttTradeoff scores were more likely to be associated with greater 

KnowWind scores and greater ParcelSize values in the Northwest, greater Abundant scores 

in the Northeast and Southeast, greater Biocentric scores in the Southwest and Northwest, 

and greater Tenure values in the Southwest (Table 5). 

Moran’s I statistic was calculated for model residuals to verify that spatial relation-

ships did not violate the assumption of independence [78]. No spatial autocorrelation was 

found in the residuals of any linear regression model.  
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Table 5. Results of regression analysis a for AttTradeoff across for each of the four study areas. 

 Northeast b Southwest c Northwest d Southeast e All f 

Variables B t B t B t B t B t 

KnowTree 0.27 6.820.41 0.35 7.880.54 0.29 7.210.39 0.29 6.770.40 0.29 14.290.41 

KnowWind  −0.08 −1.03 −0.11 −1.20 −0.25 −3.040.11 −0.03 −0.40 −0.12 −2.830.11 

GreenTunnel 0.63 7.520.46 0.29 3.130.34 0.48 5.580.42 0.54 5.760.50 0.48 10.920.43 

OutcomeReducedOutages 0.39 4.220.39 0.38 3.500.37 0.36 3.610.36 0.31 3.250.39 0.36 7.340.38 

OutcomeAesthetics −0.11 −1.03 −0.03 −0.25 −0.14 −1.27 −0.11 −0.90 −0.14 −2.350.27 

RoadForest 0.00 0.02 0.10 1.01 0.25 2.740.24 0.21 2.210.23 0.13 2.860.21 

Use 0.22 5.180.43 0.29 6.360.52 0.28 6.530.49 0.16 3.540.46 0.23 10.840.45 

Abundant −0.16 −3.420.27 −0.02 −0.42 −0.03 −0.58 −0.14 −2.840.29 −0.10 −4.510.22 

Biocentric −0.01 −0.19 −0.18 −3.470.32 −0.15 −3.210.27 −0.08 −1.69 −0.09 −4.130.26 

Tenure −0.02 −0.36 −0.11 −2.020.22 0.05 1.03 −0.03 −0.61 −0.02 −0.66 

Sex −0.13 −1.64 −0.07 −0.72 −0.17 −2.050.23 −0.27 −3.050.20 −0.17 −4.070.20 

Age 0.08 1.48 0.06 1.12 −0.08 −1.50 0.09 1.60 0.04 1.37 

Education 0.00 0.06 −0.08 −1.64 −0.05 −1.11 −0.00 −0.07 −0.03 −1.45 

Income −0.00 −0.01 0.02 0.43 −0.02 −0.50 −0.09 −1.95 −0.02 −1.03 

Developed 0.16 1.60 0.13 0.94 −0.14 −1.40 −0.08 −0.67 0.02 0.42 

Tree 0.15 1.55 0.23 1.81 −0.07 −0.69 −0.03 −0.26 0.07 1.42 

DistToRoad −0.02 −0.38 −0.02 −0.45 0.02 0.37 0.05 1.05 0.01 0.32 

ParcelSize 0.01 0.27 0.05 0.95 −0.09 −2.080.20 −0.06 −1.36 −0.02 −0.79 

DistUrban 0.05 1.08 −0.07 −1.30 −0.00 −0.05 −0.03 −0.53 0.00 0.16 
a Standardized coefficient (B) and t-statistic (t) reported. Superscript designates effect size (Eta) for variables indicated as 

significant at p < 0.05. b R2 = 0.455 (Adj. R2 = 0.427), F = 16.58, p < 0.001; n = 398. c R2 = 0.517 (Adj. R2 = 0.485), F = 15.89, p < 

0.001; n = 302. d R2 = 0.521 (Adj. R2 = 0.493), F = 18.82, p < 0.001; n = 349. e R2 = 0.510 (Adj. R2 = 0.479), F = 16.69, p < 0.001; n = 

325. f R2 = 0.472 (Adj. R2 = 0.465), F = 63.69, p < 0.001; n = 1374. 

4. Discussion 

In Connecticut, policies addressing risks associated with natural disasters often are 

made at the state level, but the social processes that affect and are affected by those policies 

occur at multiple scales. In this study, we compared attitudes towards vegetation man-

agement across four study areas and evaluated variables that might influence differences 

in attitudes among locations. Although respondents to this survey generally had favora-

ble attitudes toward vegetation management for reducing power outages, the level of sup-

port for specific management outcomes differed among study areas. Supporting our first 

hypothesis, AttProfessional and AttSafety scores illustrated variability among study areas, 

suggesting that location-specific differences may be influencing attitudes. For example, 

community planning in suburban areas has historically focused on planting trees along 

roads to create a closed canopy effect [86]. Appreciation for such planning may be sup-

ported by responses to GreenTunnel in the Southwest area, for which several towns are 

located within the New York City suburbs, as compared to the other three study areas. As 

reflected by respondent comments on the survey, residents may be attracted to such towns 

if desiring forest-like aesthetics within their neighborhoods is an important visual quality 

[87] that may be perceived as disrupted by vegetation management practices: 

“Utility co’s [company] arborist[s] do not maintain the trees as a homeowner/town resident 

would. Many trees are cut so nearly half the tree is removed- it is unappealing and question-

able quality of [tree] survival.” 

“My whole neighborhood …[was] so disappointed with the tree trimming job that took place 

over the last 6 months. They were so slow (a waste of money) left an atrocious mess, and left 

trees unsightly (poor job of trimming). Horrible management.” 
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Contrasting our first hypothesis, AttTradeoff scores did not vary across study areas, 

suggesting a consistent acknowledgement of the importance of reliable power to respond-

ents regardless of location. Power outages pose risk to many communities because elec-

tricity is essential to most everyday activities [88]. Respondent comments on the survey 

echoed an understanding of such tradeoffs: 

“Removing trees within a certain distance from powerlines or roads, I am OK with that. At 

the same time, I also think it is important not to remove too many trees, so the state is still 

able to maintain healthy ecosystems and forests.” 

“Trees are very important to the environment; to the beauty of CT [Connecticut] and to me. 

Sensible, necessary tree removal to maintain [the] power grid is acceptable.” 

Past research also has suggested that attitudes may be affected by previous experi-

ences with large storm events, which in turn can influence individual concerns about fu-

ture storm events [26]. Elsewhere in the survey, most respondents across all locations in-

dicated they were in their current residence during the 2011 and 2012 storms (Tropical 

Storm Irene = 82.1%; Storm Alfred [i.e., “the October Snowstorm”] = 83%; and Hurricane 

Sandy = 84%). When asked if these storms influenced decisions to manage trees on their 

property, many respondents removed hazard trees (49.2%) or allowed the utility, munic-

ipality, town, or state to remove trees (33.5%; author, unpublished data). Others reported 

enhanced vegetation management by residents in response to public awareness cam-

paigns about mitigating risks of natural disasters [89], and for protection of property from 

future storm damage [90]. More broadly within the forest management in response to 

natural disaster literature, residents living near national forests showed a greater ac-

ceptance of forest management for reducing wildfire risk when the purpose of manage-

ment aligned with their attitudes, values, and preferences for forest aesthetics [91]. There-

fore, a universal approach to creating policies and management solutions may be more 

likely to succeed with consideration of diversity among residential attitudes and prefer-

ences. 

Despite an observed understanding of tradeoffs between reliable power and preserv-

ing trees, the importance of aesthetics was also revealed by respondents. This result sup-

ported previous studies suggesting aesthetic preferences impelled homeowner decisions 

about tree management [43,68,92]. For example, Shakeel and Conway [93] suggested that 

household tree management decisions were prompted by the physical characteristics of 

properties, such as available planting space that could accommodate large tree species on 

larger parcels versus short trees on smaller properties. In our study, only in the Northwest 

study area were attitudes associated with residential context characteristics, where re-

spondents with larger properties (Parcel Size) were in favor of preserving trees over main-

taining reliable power (Table 5). In the broader project associated with our analysis, the 

observed rationale for property-level decisions as influenced by personal affinity for indi-

vidual trees was a critical component to homeowner management decisions [47]. Thus, 

although our results suggested general approval of utility vegetation management, public 

acceptance of enhanced tree trimming measures appeared to be influenced by the result-

ing visual or aesthetic outcome. 

Attitudes toward vegetation management held by exurban respondents were heter-

ogeneous across our study areas, supporting Sharp and Clark’s [94] suggestion that exur-

ban areas do not fit within the conventional definition of urban and rural. Environmental 

values of exurban communities are not simply a mix of urban and rural, but rather exhibit 

their own uniqueness [95], often attributed to the immigration of predetermined individ-

ual values as people relocate from urban to more rural areas [96]. Along with social het-

erogeneity, outcomes of exurbanization include land use heterogeneity [48] in corre-

spondence with habitat fragmentation [6] and housing development policies [97]. How-

ever, in one study, Urban and Roehm [5] did not observe forest cover loss with increasing 

residential development in exurban Connecticut. One explanation could be the strict local 
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zoning laws throughout the state, which have encouraged exurbanization, yet concur-

rently have sought to minimize landscape fragmentation resulting from exurban devel-

opment. For example, the town of Mansfield, CT, requires two acres of land per single-

family residence, and 40% of land to be permanently dedicated as conserved open space 

for multi-family developments [98]. Therefore, exurban areas likely are influenced by both 

social processes and regional land-use variations that occur simultaneously at multiple 

scales. 

Supporting our second hypothesis, in all study areas, more favorable attitudes to-

ward vegetation management were associated with a greater knowledge of trees and the 

belief that humans should use trees for human benefit. Elsewhere in the natural disaster 

risk literature, those more knowledgeable about wildfires were more likely to support 

prescribed fire and other management strategies to mitigate the risk of wildfire damage 

[19,99]. More central to our analysis, Kuhns and Reiter [42] reported that individuals more 

knowledgeable about trees were more likely to favor tree trimming practices that encour-

aged tree growth [42]. Almas and Conway [68] further noted that those in their study who 

were more knowledgeable about native trees were more likely to have read municipal 

forestry documents. As suggested by Almas and Conway [100], opportunities also exist 

for municipalities with specific planning goals to engage in public outreach to seek sup-

port for and prioritization of species for tree planting by residents. Therefore, there likely 

is opportunity for further communication between vegetation managers and the public, 

particularly to (1) provide information about trees and tree maintenance, (2) explain rea-

sons why vegetation management is important for mitigating power outages, (3) present 

supporting evidence of successes resulting from such vegetation management, and (4) 

suggest actions residents can take on their own property to reduce potential for vegeta-

tion-related risk to powerlines. 

Creating more resilient roadside forests is a priority for utilities throughout New 

England in preparation for potentially more frequent and intense storms [24,101]. Power-

line susceptibility to falling trees varies based on differences in land use, topography [102], 

and species composition [103], producing an unequal distribution of storm damage [102]. 

In addition, municipal budget deficiencies have led utilities to act as tree managers for 

most towns [104], yet some towns have roadside tree protection ordinances that affect 

utility ability to manage vegetation. For example, in Connecticut, the town of Greenwich 

prohibits pruning of “strong wooded trees” for any utility line clearance [105]. In Mans-

field, town ordinances encourage maintaining closed canopy for the scenic value of spe-

cific roadways [106]. Therefore, local policies implemented may conflict with state man-

dates and, therefore, hinder overall natural disaster preparedness and create confusion 

among residents. 

5. Conclusions 

Attitudes towards roadside vegetation management were positive overall, yet varia-

tion existed among study areas for perceived professionalism of vegetation managers and 

perceived safety of vegetation management. Social-psychological survey variables influ-

enced attitude scores, with knowledge about trees and belief that humans should use trees 

for human benefit as the most consistent variables associated with greater attitudes. Res-

idential context variables and sociodemographics were less influential than hypothesized. 

Across all study areas, respondents recognized tradeoffs between reliable power and pre-

serving trees, and exhibited a preference for actions that maintain visual aesthetics asso-

ciated with roadside forests. Within the exurban landscape, residents are multifaceted in 

how they perceive information and assess land management decisions. Therefore, consid-

eration for individual preferences and geographic variation may help increase public sup-

port when mitigating the effects of natural disasters, as illustrated here for vegetation 

management. 
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