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ABSTRACT. Many actors, from the individual to neighborhood to municipal scale, influence the management of trees, grass, and
other vegetation on residential properties. Recent work has been directed toward understanding the ecological characteristics of
residential landscapes and the human drivers of landscape management; however, much of this work remains disciplinarily focused
and at a single scale of analysis. This study employs a mixed-method approach to examine household- and neighborhood-scale drivers
of urban residential tree species richness and tree canopy structure. A stratified sampling design was used to capture households in
homeowners associations (HOAs) and neighborhood associations (NAs) to better understand the informal and formal institutions
having animpact on residential tree management practices. We used the social-ecological system (SES) framework to build a classification
system for identifying significant variables that influence residential tree composition and cover. Results of this work demonstrated
tree species richness and canopy cover to be positively related to tree abundance and housing age, which is suggestive of the legacy
effect. Governance variables were more strongly correlated with tree species richness whereas variables reflecting socioeconomic status
and education were more strongly correlated with canopy cover. Rule compliance and fitting in with neighborhood landscaping norms
was significantly more important to HOA households than NA households. Conversely, opportunities to work together to solve
community problems were viewed more positively by NA households than HOA households. For all parcels together, compliance with
city and HOA/NA rules was negatively related to tree species richness and canopy cover, a finding that may implicate the nature of
rules that focus on tree removal practices and barriers to plant (what and where). This work is timely given the rapid expansion of
neighborhood associations in urban areas, which parallels establishment of rules governing residential yard practices. If current
arboriculture and urban forestry standards are considered during rule formation and implementation, such rules have the potential to

promote species diversity and the sustained provisioning of ecosystem services.
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INTRODUCTION

Humans at various scales, from households to neighborhoods to
governments, are part of urban ecosystems and their collective
decisions are integral to sustaining the character and functionality
of residential landscapes. Several recent studies have written
about the role and impact of these diverse urban actors on
residential landscape dynamics (Chowdhury et al. 2011, Cook et
al. 2012) with significant attention directed toward the drivers of
residential lawn care and herbaceous vegetation (Larsen and
Harlan 2006, Yabiku et al. 2008, Larson et al. 2009, Goddard et
al. 2013). Such work has demonstrated residential lawns to be
locations of high biodiversity and ecosystem services, though
considerable heterogeneity exists as a function of socioeconomic
and lifestyle factors, built form, and housing age (e.g., Hope et al.
2003, Kinzig et al. 2005, Grove et al. 2006).

A small but growing area of research examines the ecology of
residential forests (Schmitt-Harsh et al. 2013) and the care and
management of residential trees, including residents’ motivations
and rationales for planting and removing trees (Shakeel and
Conway 2014, Conway 2016). In many urban landscapes, the
majority of trees and potential planting sites are located on
residential property (Dwyer et al. 2000, Troy et al. 2007),
suggesting the need to understand how residential landscapes are
being managed and the institutions that foster or constrain
sustainable tree-care practices.

As organizing mechanisms for human action, a number of
institutions, i.e., rules, norms, and strategies that endure through
social organization and interaction (Crawford and Ostrom 1995,
McGinnis and Ostrom 2014), have been found to be influential
in determining residential yard practices. These include both
informal and formal institutions, including community and
cultural norms (Nassauer et al. 2009, Blaine et al. 2012);
neighborhood covenants, codes, and restrictions (CCRs) that
outline what residents can and cannot do to their house and
property (Martin et al. 2003, Fraser et al. 2013, Wentz et al. 2016);
and municipal regulations, such as ordinances, that may restrict
or place controls on lawn maintenance activities, including
fertilization and irrigation (e.g., Robbins et al. 2001). Though
residential trees are part of, and integral to, the residential
landscape, a comprehensive and systematic examination of the
institutions shaping residential tree-care practices lags behind
those examining lawn maintenance activities (e.g., mowing,
fertilizing, landscaping; e.g., Robbins et al. 2001, Cook et al. 2012,
Fraser et al. 2013).

Further, although recent studies have directed attention to the
ecology and management of residential landscapes, much of the
aforementioned research remains disciplinarily focused, despite
recognition that residential landscapes are sites of complex social-
ecological dynamics in which multiple drivers (at the household,
neighborhood, and municipal level) influence and interact with
biophysical processes at a range of scales (Cook et al. 2012). For
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example, household surveys have been frequently employed to
understand residents’ preferences for certain yard features and
their tree management practices (e.g., Larson et al. 2009, Shakeel
and Conway 2014, Avolio et al. 20154, Conway 2016), while the
form and function of yards has been studied separately using
ecological surveys or canopy analysis (e.g., Smith et al. 2006,
Schmitt-Harsh et al. 2012). Rarely have interdisciplinary
approaches been utilized that integrate socioeconomic data with
parcel data to understand the linkages between drivers and
ecological outcomes of tree management decisions (though for
exceptions see Martin et al. 2003, Avolio et al. 2015b). Such
interdisciplinary approaches are fast becoming common in the
study of residential lawn dynamics (e.g., Goddard et al. 2013,
Locke et al. 2018, Avolio et al. 2020), though discussion of tree
composition and cover is often not a focus.

This study employs a mixed-method approach, including
household survey questionnaires, ecological surveys, and tree
canopy analysis, to examine household- and neighborhood-scale
factors associated with urban residential tree composition and
cover. Ecological surveys were completed in the front and back
yards of residential properties in Bloomington, Indiana.
Specifically, we explored (1) property-level characteristics,
household socioeconomic and demographic characteristics, and
residents’ perceptions of neighborhood institutions, and (2) how
such variables relate to and vary between two tree measures, i.e.,
parcel-scale tree species richness and canopy cover.

To model the interactions between social drivers at multiple scales
of analysis and ecological outcomes, we utilized the social-
ecological systems (SES) framework (Ostrom 2007, 2009,
McGinnis and Ostrom 2014). A number of frameworks have
emerged to conceptualize and operationalize social-ecological
system dynamics (e.g., human-environment system framework,
ecosystem services framework, the natural step framework; see
Binder et al. 2013 for a review). These frameworks provide
different types of diagnostic insights, with the prevalence of
institutions and the clarity of defining institutions varying
extensively. Those that include institutions frequently embed
them as minor exogenous factors, or broadly define them such
that institutional dynamics are difficult to operationally
incorporate into empirical analysis (Mincey et al. 2013a).

We selected the SES framework because it provides a systematic
and comprehensive method for defining social-ecological system
attributes and identifies those that may be associated with
outcomes of interest. Although the SES framework has been
broadly applied to the study of fisheries, community forests,
irrigation systems, and more, no such effort has been previously
undertaken to operationalize the SES framework to the study of
private parcel-scale, urban residential trees.

Using the social-ecological systems (SES) framework to examine
residential forest actors and institutions

One of the most comprehensive frameworks for conceptualizing
the relative importance of various institutional mechanisms on
equal footing with biophysical and household-scale factors is the
SES framework (Ostrom 2009, McGinnis and Ostrom 2014,
Partelow 2018; Table 1). The framework links attributes of the
physical world (the resource system, RS, and resource units, RU)
with those of institutions (governance systems, GS) that define a
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set of rules for actors (actors, A). All of them influence the
resultant interactions (I) and outcomes (O) and create feedbacks.
The framework unpacks these first-tier components to reveal
second- and third-tier variables at scales relatable to decision-
making arenas (for example, households to neighborhoods to city
government).

Table 1. First- and second-tier social-ecological system (SES)
variables from McGinnis and Ostrom (2014) and Basurto et al.
(2013), modified from Ostrom (2007, 2009). Variables in bold text
denote the variables operationalized in this paper.

Social, economic, and political settings (S)
S1- Economic development. S2- Demographic trends. S3- Political
stability.
S4- Other governance systems. S5- Markets. S6- Media organizations. S7-
Technology.

Resource systems (RS) Governance systems (GS)T

RS1- Sector (e.g., water, forests,
pasture)

RS2- Clarity of system boundaries
RS3- Size of resource system
RS4- Human-constructed facilities
RSS5- Productivity of system
RS6- Equilibrium properties
RS7- Predictability of system
dynamics

RS8- Storage characteristics
RS9- Location

Resource units (RU)

RUI1- Resource unit mobility
RU2- Growth or replacement rate
RU3- Interaction among resource
units

RU4- Economic value

RUS- Number of units

RUG6- Distinctive characteristics
RU7- Spatial and temporal
distribution

GSI1- Policy area

GS2- Geographic range

GS3- Population

GS4- Regime type

GS5- Rule-making organizations
GS6- Rules-in-use

GS7- Norms and strategies

GS8- Network structure

GS9- Monitoring

GS10- Sanctions

Actors (A)

A1l- Number of relevant actors
A2- Socioeconomic attributes
A3- History or past experiences
A4- Location

AS5- Leadership/entrepreneurship
A6- Social capital (trust and
reciprocity)

A7- Knowledge of SES/mental
models

AS8- Importance of resource
(dependence)

A9- Technologies available

Interactions (I) — outcomes (O)

11- Harvesting

12- Information sharing

13- Deliberation processes
14- Conflicts

I5- Investment activities

16- Lobbying activities

17- Self-organizing activities
18- Networking activities
19- Monitoring activities
110- Evaluative activities

O1- Social performance measures
(e.g., efficiency, equity,
accountability, sustainability)
02- Ecological performance
measures

(e.g., resilience, biodiversity,
sustainability)

O3- Externalities to other SESs

Related ecosystems (ECO)
ECOI- Climate patterns. ECO2- Pollution patterns. ECO3- Flows into
and out of focal SES.

"Second-tier variables in the GS tier align with revisions proposed by
McGinnis and Ostrom (2014) and operationalized by Basurto et al.

(2013).

The SES framework, supported by a long history of empirical
research on the commons, institutions, and collective action was
originally designed as a theoretical framework to advance
collective action theory; however, it is now used by many as a tool
to diagnose the sustainability of social-ecological systems (Leslie
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et al. 2015, Partelow 2018). To date, the SES framework has been
applied to a wide variety of empirical contexts, with a large focus
on community-based systems such as irrigation systems (e.g., Cox
2014), small-scale fisheries (e.g., Basurto et al. 2013, Leslie et al.
2015), and forests (e.g., Fleischman et al. 2010). Other scholars
have applied the SES framework to general food production

systems, aquaculture systems, terrestrial conservation and
rangeland management, watershed management, marine
conservation and marine ecosystem management, coastal

development, energy systems, and pollution management (see
Partelow 2018 for a review). Though the SES framework has been
widely cited as a tool for advancing empirical SES research and
progressing sustainability science, few studies actually
operationalize the framework and even fewer do so using an
interdisciplinary, mixed-methods approach (see Partelow et al.
2018).

The framework is designed for application to common-pool
resource management situations (McGinnis and Ostrom 2014),
which by definition preclude trees on private residential property.
However, future increases in canopy cover and the ecological
services provided by urban trees will depend on the activities of
both public and private property owners. Residential parcels may
have the largest impact on urban forests because they make up
the majority of the urban land base (Dwyer et al. 2000). Although
tree planting and maintenance activities associated with a single,
small residential parcel may have little impact on the overall urban
forest, collectively, homeowners can play a significant role in
determining the biodiversity and overall canopy cover of the
landscape (Dilley and Wolf 2013). Thus, urban forest managers
and neighborhood associations wishing to increase canopy cover
or tree species richness would benefit from examining the
institutional mechanisms that encourage (or constrain) residents
to plant and maintain trees on their properties. Figure 1 provides
a conceptual framework for our work, identifying the common
actors and types of institutions affecting the management of
residential trees. Hereafter, the resource system (RS)is the urban
forest, and the resource units (RU) are the residential trees
managed by homeowners. The governance system (GS) includes
rules-in-use, and norms and strategies that pertain to
neighborhood associations. These determine incentives and
behavior for actors (A) involved in the care and management of
residential trees.

Substantive work has been done to build upon and improve the
SES framework from its original proposed state (Ostrom 2007).
We incorporate modifications that have been proposed and
operationalized by Basurto et al. (2013), McGinnis and Ostrom
(2014), and many others after. Of note are revisions to the actors
(A) tier and the institutional mechanisms framed in the
governance systems (GS) tier. A number of new second-tier
variables have been added (see Table 1 and Basurto et al. 2013),
and three of the original second-tier variables, including
operational rules (now GS6.2), collective-choice rules (GS6.3),
and constitutional rules (GS6.4), have been moved to a third tier.
All of these are now categorized under “rules-in-use” (GS6).
Norms and strategies (GS7) are parsed out from social capital
(A6) in the revised framework (Basurto et al. 2013), and here.

Ecology and 8001ety 25(2) 14
ds 5

METHODS

Study location

This research was carried out in the City of Bloomington,
Indiana, located in Monroe County approximately 50 miles
southwest of the state capital of Indianapolis (Fig. 2).
Bloomington’s population was most recently recorded (in 2017)
as approximately 85,000 individuals with upward of 33,200
housing units (U.S. Census Bureau 2010). The city is situated in
the Norman Upland Plateau physiographic region of Indiana,
with variable topography typical of the unglaciated portion of
the state (Hill 2011).

Fig. 1. Conceptual framework of the common actors and types
of institutions affecting the management of residential forests.
Solid lines represent formal institutions or rules and dashed
lines represent informal institutions or norms/strategies. Arrows
indicate the primary direction of institutional influence.
Modified from Mincey et al. (2013a).
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The City of Bloomington has long-standing, well-documented
policies focused on the care and management of urban trees. The
city was recognized by the National Arbor Day Foundation in
1984 as Indiana’s first Tree City USA. Since that time,
Bloomington has successfully met all criteria needed to keep its
Tree City USA designation, including a tree board or commission,
a tree care ordinance, a community forestry program with an
annual budget of at least US$2 per capita, and an Arbor Day
observance and proclamation.
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Fig. 2. Map of the 14 study neighborhoods in the City of
Bloomington, Indiana. Note: HOA = homeowner association;
NA = neighborhood association.
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Bloomington’s Unified Development Ordinance (UDO;
McBride, Dale, Clarion 2019) and the Bloomington Tree
Ordinance determine city-level policies regarding urban tree
management and influence all parcels within the city. The UDO,
adopted in 2007 and amended in 2018, stipulates that a specific
percentage of tree canopy cover must be retained during land
development depending on the baseline canopy of a site
(McBride, Dale, Clarion 2019; 20.05.044). For example, any
property with a baseline canopy cover of 50% is required to retain
70% of that canopy during development. In practice, this would
mean that a 1-acre property with 50% canopy cover (i.e., 0.5 acres)
would be required to maintain at least 0.35 acres (0.5 acres x 70%)
during development. This environmental standard applies to
nearly every zoning district in the city, including single-family
residential zones. The UDO also includes a number of additional
tree planting and canopy cover provisions, including (1)
preferencing native trees, undisturbed or virgin woodlands, and
older forest growth over younger stands of trees (Environmental
Standards; Tree and Forest Preservation; 20.05.044), (2)
provisions for the number, type, and location of trees planted
along streets (Landscaping Standards; 20.05.052) and in parking
lots (Landscaping Standards; Parking; 20.05.053), and (3) a list
of permitted plant species based on characteristics and location
(20.05.058).
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In addition to the tree canopy cover provisions in the UDO,
Bloomington’s Tree Ordinance (Bloomington Municipal Code
12.24, Trees and Flora https:/library.municode.com/in/
bloomington/codes/code_of ordinances?nodeld=TIT12STSISTSE)
requires that abutting property owners manage street trees in the
public right of way (PROW) and private boundary trees (those
that influence public space). Owners are required to remove all
dead, diseased, or dangerous trees; prune the branches of such
trees to avoid obstructing traffic signs, street intersections, or
street lamps; and provide clearance of tree branches above streets
and sidewalks. The ordinance further requires that homeowners
obtain a permit to plant, remove, or prune branches greater than
three inches in diameter within the public right of way. The permit
process is not arduous nor intended to discourage homeowners
from planting trees. Any violations to the provisions of the Tree
Ordinance result in a written notice of violation, followed by a
penalty where warranted. The ordinance has been in effect since
1992 and is included in the Bloomington Tree Care Manual (see
https://issuu.com/bloomingtonparks/docs/tree_care_manual_4th-

edition_0117). The Manual, now in its fourth edition, serves as
an arboricultural specification manual for homeowners and tree
stewards.

Sample design

Our study area includes 14 residential neighborhoods within
Bloomington (Fig. 2). Three factors were used to select the
neighborhoods: housing structure type, average date of house
construction, and size of neighborhood. Studies have shown these
variables to be influential to residential tree-cover patterns
(Landry and Chakraborty 2009, Shakeel and Conway 2014), and
selections based on these factors enabled us to place temporal
(age of housing) and ownership (structure type) controls on our
samples.

First, neighborhoods in which owner-occupied, single-family
housing units dominated the neighborhood were selected. This
ensured most households had access and ownership to a yard. We
utilized county tax assessor shapefiles and city zoning boundaries
to identify neighborhoods with this criterion. In generating this
sample, we avoided the core of the city (defined by a radius of
approximately two kilometers from the city center) in which
residential lands tend toward high density.

Second, the 14 neighborhoods were chosen to represent a specific
combination of 2 control variables: age and neighborhood size
(the number of parcels with the neighborhood). At the time of
data collection, Bloomington had 49 neighborhood associations
(NAs) and approximately 65 homeowners associations (HOAs).
Some of these neighborhoods were established prior to the 1950s
whereas others were established within the decade. Similarly, some
had over 400 parcels within the neighborhood whereas others had
fewer than 50 parcels. We aimed to capture the heterogeneity of
neighborhoods and their associated rules and norms associated
with tree management. Online GIS data provided by the county
were utilized to compute neighborhood age and size. Given the
number of parcels within the 100+ neighborhoods, we randomly
selected 10% of parcels for each neighborhood to extract
information pertaining to age of construction. The age of the
neighborhood was then computed as an average of all parcels
selected. The size of neighborhoods was determined by a direct
count of the number of parcels within each neighborhood using
the county GIS data.
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We selected older communities (< 1985), newer communities (>
1986), small communities (< 85 parcels), and large communities
(> 86 parcels). These thresholds were set by examining the
distribution and variance of community age and size across the
whole city. In addition, the breakpoint of 1985 was chosen
because neighborhoods built before approximately 1985 hold the
potential to have mature canopy, whereas newer neighborhoods’
canopy extent is likely not fully mature. We recognize these
thresholds may not be applicable to other municipalities but they
enabled us to identify neighborhoods more selectively and
without bias. Our stratification resulted in 14 neighborhoods, 7
of which maintain HOAs, the remaining 7 maintain NAs. For all
homeowners associations, covenants, codes, and restrictions
(CCRs) were obtained and analyzed for any content related to
tree-care provisions.

Household survey

To obtain individual household data from residents in our study
area, a mail-based survey was sent to all owner-occupied parcels
within the 14 neighborhoods (~1100 households). These were
later followed by reminder postcards and a replacement survey
per the Dillman Method (Dillman 2007). Households were
contacted up to four times. A unique code on each survey was
used to track responses and match completed surveys with other
property-level data.

The survey asked property owners basic questions about their
demographic and property characteristics, the planting and
removal of trees, and purported benefits and costs associated with
trees on their property. A set of closed- and open-ended questions
asked respondents about rules and strategies related to tree
planting and removal, including city-level rules and NA or HOA
rules. Approximately half of the 37-question survey was
formatted in a simple multiple-choice format in which
respondents identified, for example, their familiarity with
neighborhood programs and their participation in neighborhood
tree planting or planning programs. The remaining half asked
respondents to indicate their level of agreement to questions
about their neighborhood including the importance of fitting in
and the effectiveness of the HOA (or NA) to monitor and enforce
maintenance of yard and tree-care practices. Such questions were
used, for example, to ascertain respondents’ perceptions about
rules and rule compliance as they relate to tree care. The survey
questions analyzed can be found in the supplementary materials
(Appendix 1). Returned surveys were input into Microsoft Excel,
screened for errors and omissions, and exported to SPSS Statistics
26 for analysis.

A total of 420 surveys were returned (38% response rate) from
which 230 respondents cited their willingness to have their parcel
inventoried. From this set of 230, we randomly selected 100
parcels to be inventoried in the summer, ensuring at least 10% of
all communities’ owner-occupied parcels were represented. One
exception was a very large neighborhood (> 400 parcels) in which
we sampled ~3% of parcels because of time/budget constraints.
All results reported here are based on the 100 parcels for which
we have both household survey data and field data.

Tree canopy and field inventory

A census of all trees was conducted at each of the 100 parcels. All
trees with diameter at breast height (DBH) >2.5 cm were identified
to species level, geo-located using a Trimble GeoExplorer 2008
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GeoXH GPS unit, and measured for their DBH (at 1.37 m above
surface) and height (via a Nikon Forestry 550 laser rangefinder/
hypsometer). Trees inventoried included front and backyard trees,
and trees in the public-right-of-way (PROW) adjacent to the
sample parcel. As a separate component of the project, soil
samples were collected and analyzed at each parcel to determine
parcel-scale bulk density, organic carbon, and nitrogen. For more
on this work, see Schmitt-Harsh et al. (2013).

Parcel-level tree species richness was determined by direct
observation during tree identification. To calculate percent
canopy cover, National Agricultural Imagery Program (NAIP)
imagery at l-m spatial resolution was used. Images were
mosaicked without enhancements then clipped to a modified and
buffered Bloomington city boundary. A decision-tree
classification procedure that used manual selection of spectral
thresholds for specified land-cover classes was used, followed by
a maximum likelihood supervised classification to separate forest
and nonforest classes (for more on this classification, see Mincey
et al. 2013b). The classification was completed for the whole city,
with resulting classes including trees and shrubs (existing canopy
cover), grasses/turf (potential canopy cover), and other (e.g.,
impervious surface, soil, water). The classification accuracy,
based on 283 points manually selected using the NAIP imagery,
equaled 93.3%, with classification errors predominantly
stemming from confusion of grasses/turf with the other land
class.

Percent canopy cover per parcel was calculated using a GIS
property boundary layer that was provided by the City of
Bloomington Information and Technology Services Department.
All canopy over a given parcel was included in the calculation
regardless of stem location. In the study area, property
boundaries included the street and city-owned boulevard (grass
strip and/or sidewalk) in front of houses because Bloomington’s
Tree Ordinance requires property owners to manage street trees
in the PROW.

Operationalizing the social-ecological system (SES) framework
We combined data collected from the parcel inventory and
household survey to operationalize the SES framework to two
outcomes of interest, tree species richness and canopy cover, at
the residential parcel scale. These measures were selected given
widespread and persistent management efforts focused on the
diversification of species on private parcels and in public spaces.
Maintaining high tree-species richness has been associated with
promotion of a robust and resilient urban forest, and sustained
provisioning of ecosystem services (Clark et al. 1997, Alvey 2006,
Kenney et al. 2011, Hale et al. 2015, Conway et al. 2019). Further,
many municipalities have (or are developing) tree-canopy goals,
and the management and reestablishment of trees on private
residential lands is a critical component to achieving such goals.
Using two outcomes associated with sustainable urban forests
allowed us to assess and compare potential variation in their
drivers.

Table 2 displays the variables selected to operationalize the SES
framework to urban residential properties. First-tier variables
represented include the resource system (RS), resource units
(RU), the governance system (GS), the actors (A), and outcomes
(O). Within the first-tier variable, RS, two second-tier variables
(resource size, RS3, and human constructed facility, RS4) were
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Table 2. The social-ecological system (SES) variables operationalized in the analysis of residential forest structure. Note: HOA =
homeowners association; CCR = covenants, codes, and restrictions; NA = neighborhood association; NAIP = National Agricultural
Imagery Program.

SES Framework

Variables Operationalized

First-Tier Second-Tier Variables Name
Variables
Resource RS3- Resource size Available planting space
System (RS) (sq m)
RS4- Human constructed
facility )
Ecosystem history' Home age (years)
Resource RUS- Number of units Tree count
Unit (RU)
Actors (A) Al- Number of relevant actors Number of adults in the
household
A2- Socioeconomic attributes Education
A2- Socioeconomic attributes Income
A2- Socioeconomic attributes Resident age
A6- Social capital Neighborhood cohesion
A7- Knowledge of SES Resident time at parcel
(years)
Governance  GS6- Rules-in-use (Operational, Rule compliance
System (GS) GS6.2)
GS6- Rules-in-use (Collective Collective problem
choice, GS6.3) solving
GS6- Rules-in-use Constitutional
(Constitutional, GS6.4)
GS7- Norms and strategies Norms
Outcomes 02- Ecological performance Tree species richness
©)

02- Ecological performance

Parcel-level canopy cover
(7o)

Description

Calculated from city shapefiles as the total lot size (RS3) less any area
occupied by buildings and impermeable surfaces such as driveway (RS4).

The age of the home (calculated as the survey year less the year in which the
respondent’” home was built). Data obtained from the Monroe County tax
assessor database.

The number of trees on the parcel, including in the front yard, back yard,
and public right-of-way.

Household’s response to a question about the number of people residing in
the household less any individuals younger than 18 years of age.

Coding of the respondent’s education level into three categories (high school
or equivalent, 1; some college technical, 2; college grad or higher, 3)

Coding of the household’s income into four categories (< US$25,000, 1;
US$25,001-50,000, 2; US$50,001-75,000, 3; > US$75,000, 4)

Coding of the resident’s age into 5 categories (< 35 years, 1; 35-44 years, 2;
45-54 years, 3; 55-64 years, 4; > 65 years, 5)

A scale based on three survey questions asking respondents to rate their level
of agreement to statements about neighborhood trust, reciprocity, and
cohesion. Scale represents the average of three responses, each with the code:
disagree, 1; neutral, 2; agree, 3.

The length of time the respondent has resided on the property.

Coding of the household’s response to a question about the importance of
compliance with city and community rules regarding landscape management
(not important, 1; somewhat important, 2; very important, 3)

A single item on the survey, asking respondents how strongly they agreed to a
statement about their neighborhood’s ability to work together to solve
community problems (disagree, 1; neutral, 2; agree, 3).

Residential properties in HOAs (CCRs present) coded as 1; residential
properties in NAs coded as 0.

A single item on the survey, asking respondents to rate the importance of
fitting in with the neighborhood in determining tree and yard maintenance
activities (not important, 1; somewhat important, 2; very important, 3)

The number of different tree species on the parcel. Data obtained from
ecological surveys of front and back yards.

Existing canopy cover per parcel at the time of sampling. Spatial resolution
of NAIP imagery is 0.5 m x 0.5 m.

T “Ecosystem history” is not formalized in the SES framework (Ostrom 2009) but its inclusion has been suggested by Vogt et al. (2015a).

operationalized to compute available planting space. We included
another second-tier variable, history of system, to explain the RS,
which was operationalized as the age of the home (calculated as
the survey year less the year in which the respondent’s home was
built). This variable is not formalized in the original SES
framework but its inclusion has been suggested by Vogt et al.
(2015a). Given strong relationships between construction age and
residential forest patterns found in other studies (Grove et al. 2006,
Luck et al. 2009, Boone et al. 2010), we feel it is an appropriate
addition to our modeling efforts. The number of units (RUY), a
variable included under the resource-unit (RU) tier, was
operationalized as the number of trees located in the front yard,
back yard, and PROW of each parcel.

Six second-tier actor variables were examined including the
number of relevant actors (A1), operationalized as the number
of adults (individuals 18 years or older) residing in the household

who may play a role in decision making; several socio-economic
(A2) variables including residents’ education, income, and age;
and residents’ knowledge of the SES (A7), interpreted as the
length of time the respondent has resided at the property. The
three socioeconomic variables were coded categorically (see Table
2) in alignment with the survey instrument. Finally, a measure of
social capital (A6) was approximated from three survey questions
asking respondents how strongly they agreed (scaled to a three-
point scale) that “people in this neighborhood can be trusted,”
“people in the neighborhood are willing to help one another,” and
“the neighborhood is close-knit.” The scale represents the average
of the three responses and is modeled after a previously published
social cohesion scale (Sampson et al. 1997, Fraser et al. 2013).

Four second-tier governance systems variables were examined,
typologized according to suggestions in McGinnis and Ostrom
(2014) and Basurto et al. (2013). Three of these variables fallunder
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rules-in-use (GS6), which are defined as formal and informal rules
in practice that shape human behavior and govern social
interactions. Such rules include operational, collective-choice,
and constitutional rules, each of which have varied and sometimes
overlapping definitions in the SES literature. For our purposes,
rules that provide a regulatory framework outlining permissible
(or restricted) landscaping activities, including permissible forms
of punishment, are demarcated at the constitutionallevel (GS6.4).
‘We use this to mean the presence (or absence) of covenants, codes,
and restrictions (CCRs) established by associations. Properties in
NAs were assigned a value of 0 while properties in HOAs were
assigned a value of 1 (regardless of the amount or specificity of
rules that are related to tree care; Table 2).

The processes through which institutions are constructed and
policy decisions made by actors authorized (or allowed) to do so
are defined at the collective-choice level (Basurto et al. 2013).
These may include establishment of regular board meetings in
which rules about monitoring responsibilities and sanctioning are
established. It may also more broadly encompass opportunities
that are available to construct rules and/or solve community
problems. For our purposes, a measure of collective-choice rules
(GS6.3) was approximated from a single survey question that
asked respondents their level of agreement to a statement about
having viable opportunities to work with their neighbors to solve
community problems (Table 2).

Rules governing the implementation of practical decisions by
individuals who are authorized (or allowed) are realized at the
operational-choice level (Basurto et al. 2013). A measure of
operational rules (GS6.2) was approximated from a single survey
item that asked respondents to rate the importance of complying
with city or NA/HOA rules as they relate to maintaining the
property’s natural landscape. Finally, we included an assessment
of norms and strategies (GS7) given prior work demonstrating
the importance of community and cultural norms on residential
property decision making (e.g., Nassauer et al. 2009). In contrast
to rules-in-use, there is no formal sanctioning in place in
association with norms. A measure of norms (GS7) was
ascertained from a single survey item that asked respondents the
importance of fitting in with the neighborhood in determining
their tree and yard maintenance activities.

In total, we assessed the explanatory power of 13 variables on 2
outcomes of interest (O), parcel-scale tree species richness and
parcel-scale canopy cover. These explanatory variables have been
identified by scholars as being important determinants of urban
forest composition and cover at various scales of analysis. For
example, within different cities, studies have demonstrated a
positive relationship between tree-canopy cover and income
(Iverson and Cook 2000, Greene et al. 2018, Nesbitt et al. 2019),
tree cover and education (Luck et al. 2009, Nesbitt et al. 2019),
and tree cover and home or neighborhood age (Grove et al. 2006,
Lucketal. 2009, Boone et al. 2010, Lowry et al. 2012). The former
relationships feed into a proposed luxury effect and the latter
relationships help support the legacy effect, with older
neighborhoods tending to have larger trees and greater tree
canopies. In a number of cities, tree-species richness has also been
shown to increase with home or neighborhood age (Martin et al.
2004, Clarke et al. 2013) and with household income (Martin et
al. 2004, Avolio et al. 2015b).
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To our knowledge, few studies have examined relationships
between residential parcel area and tree-species richness, or
relationships between number of residential trees (abundance)
and canopy cover. In natural systems, area is a key determinant
of diversity, so we hypothesized that larger parcels will support
more species and more canopy. We also hypothesized a positive
abundance-canopy relationship (more trees — more canopy);
however, this relationship may be impacted by the age and
maturity of the tree(s), i.e., younger trees have sparser canopy,
and tree type (canopy differs between evergreens and broad
deciduous). Thus, the relationship may exhibit stronger (or
different) signals in urban landscapes that are more homogeneous
in housing age and species composition.

Data analysis

Basic summaries of relevant survey questions were calculated to
understand household and property characteristics, and the
norms and rules-in-use that have an impact on tree management
practices. Using IBM SPSS Statistics 26 software, chi-square tests
of independence and Welch one-way ANOVAs (robust to unequal
variances) were used to understand variations in SES factors by
parcels in HOA and NA neighborhoods (see Table 3). For all tests,
results were considered significant at a < 0.05 and marginal when
0.05 <a<0.10.

Ordinary least squares (OLS) linear regressions were used to
explore the relationships between tree structure measures (tree
richness, canopy cover) and property, household, and
institutional variables. Given the high number of independent
variables relative to observations, we used backward stepwise OLS
regressions to eliminate variables of least importance in predicting
parcel-scale tree structure. Variables were removed based on the
F-test, with the cut-off value set at a p-value of 0.10. The
remaining explanatory variables were then input into forward
entry OLS linear regression models. Standard test diagnostics
were performed to ensure the viability of regression results.
Correlations among the explanatory variables were weak,
tolerance values (calculated for each regression model) indicated
no multicollinearity (variance inflation factors for all variables
were less than 2), and the dependent variable residuals followed
close-to-normal distributions. The tree-richness variable was
transformed to the natural logarithmic form to meet the
assumption of normality. The canopy-cover variable was log
transformed and subsequently square root transformed, but
neither improved model results so we retained the untransformed
data in regression analyses.

RESULTS

Assessment of covenants, codes, and restrictions (CCRs)

Among the 100 parcels surveyed and inventoried, households
were split between NAs (n = 48) and HOAs (n = 52), which
subjected them to different institutional arrangements. As
expected, HOAs were more institutionally formalized than NAs
in our sample, all having a formal governing board with rule-
making and sanctioning power over private parcels. Covenants,
codes, and restrictions existed for all HOAs in the sample and
were used as community bylaws, which addressed both collective-
choice and operational rules of the communities. Common
operational rules were related to maintaining a particular
community aesthetic; most required approval of parcel-scale


https://www.ecologyandsociety.org/vol25/iss2/art14/

changes or additions to built structures, and many simply
restricted potential visual negatives, including open garage doors
or outdoor laundry lines. The extent to which these bylaws
governed tree management was minimal in our sample. The HOA
rules generally required parcel-scale removal of dead or dying
trees, avoidance of planting within infrastructure easements, and
pruning trees to avoid obstructing sight-lines at intersections of
roads. In many ways, these rules were the same or extensions of
the Bloomington Tree Ordinance.

Table 3. Summary of social-ecological system (SES) data by
average parcel overall and average parcel by neighborhood type:
homeowner association vs. neighborhood association (HOA vs.
NA). Continuous data shown are means and in parentheses,
standard deviation. For ordinal data (indicated in bold), data
shown are mode and in parentheses, proportion at mode.

Explanatory All Comparisons by Association Types
Variables Parcels
HOA(n= NAMm= p-value
52) 48)
Planting space (m?»)  990.77 795.85 1201.93 0.000
(562.11) (562.19) (484.79)
Home age (yrs) 24.40 17.79 31.56 0.005
(16.31) 9.19) (19.18)
Tree count 18.74 18.92 18.54 0.929
(21.10) (21.86) (20.48)
No. adults in the 1.81 1.83 1.78 0.643
household (0.573) (0.559) (0.593)
Education category ~ College College College 0.555
grad or + grad or + grad or +
(78.4%) (80%) (76.6%)
Income category 25-50,000 25-50,000  25-50,000 0.049
(US$) (31%) (33.3%) (28.6%)
Age category 55-64 > 65 55-64 0.232
(years) (25.8%) (32%) (27.7%)
Neighborhood Agree Agree Agree 0.657
cohesion and social (54.1%) (50%) (58.3%)
capital
Resident time at 9.54 8.83 10.59 0.623
parcel (yrs) 9.12) (8.04) (10.29)
Importance of rule  Somewhat Very Not & 0.000
compliance (38.4%) (52.9%) Somewhat
(both
39.6%)
Collective problem- Agree Neutral Agree 0.039
solving opportunities  (36.7%) (38%) (43.8%)
Importance of Somewhat Very Somewhat 0.003
norms (49.5%) (49%) (56.3%)
Outcomes
Tree species 7.45 7.31 7.60 0.923
richness (5.08) (4.76) (5.45)
Existing canopy 43.37 37.64 48.26 0.024
cover (%) (20.20) (21.68) (17.63)

Compared to HOAs, NAs sampled were institutionally informal.
Only one NA within our sample was determined to have CCRs
and the only tree management-related rule within those
requirements stated that no tree was to be planted in the PROW
of the community. Given that this NA had no governing board
with formal sanctioning power and had numerous trees in the
PROW, its CCRs were considered largely unenforced and were
therefore categorized in the model as being absent.
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Respondent and parcel characteristics

In our sample, the physical form of residential parcels varied
greatly by association type, with HOA parcels being significantly
younger, on average, and smaller in terms of parcel size and
plantable area (RS3/RS4; Table 3). For example, the average home
age and plantable space of HOA parcels was 18 years and 796 m?,
respectively, while the same metrics for NA parcels equaled 32
years and 1202 m? (Table 3). These results were not unexpected
given recent trends that signal residential lot-size reductions for
newer developments (Larsen and Hall 2008) and rapid expansion
of neighborhood associations in recent years, in particular, HOAs
(Community Associations Institute 2016). Shrinking lot sizes and
front-yard spaces has shifted some focus away from private yard
landscaping toward expansion of collective spaces in the
neighborhood (Larsen and Hall 2008). In our sample, a review of
the CCRs suggests that most HOAs contained common land,
owned and managed by the HOA.

Following indications that HOA households were younger than
NA households, on average, the residence time for respondents
(A7) was lower for HOA parcels (x = 8.8 years) than NA parcels
(x = 10.6 years), though the difference was insignificant at the
0.05 level (Table 3). Across all parcels, length of residence at the
property ranged from 6 months to 41 years. Our sample
population was relatively homogeneous in terms of race and
education, with the vast majority of respondents identifying
themselves as white (97%) and a college graduate or higher (78%),
the latter likely linked to the presence of a large university within
the city. Among household characteristics, reported income
showed the greatest variability, with 18% of all respondents
reportedly making US$100,000 or greater, 14% making between
US$75,000 and US$100,000, 24% making between US$50,000
and US$75,000, 31% making between US$25,000 and
US$50,000, and 13% making below US$25,000. Differences in
income between HOA and NA parcels were marginally significant
(Table 3), with a larger proportion of households in HOAs falling
in the highest income bracket. This may be associated with the
fact that HOA households are required to pay association fees for
maintenance of common property, a likely financial barrier to
residents with lower incomes.

Full parcel ecological surveys demonstrated wide variability in
tree-structure characteristics for parcels in both HOAs and NAs
(see Schmitt-Harsh et al. 2013 for a detailed discussion of tree
and soil characteristics for all inventoried parcels). On average,
parcels contained 18.7 individual trees, though some parcels had
a single tree on the property whereas others had over 100 trees.
Parcel-scale tree density (data not shown in Table 3) also ranged
widely from 0.8 to 60 trees per 1000 m?, with an average of 14.7
trees per 1000 m2. Some parcels were characterized by few trees,
but maximum tree species richness. For example, a number of
parcels with three to five trees had an equivalent number of
different species. Parcels with a large number of trees (> 40 trees)
were characterized by richness values that ranged from 9 to 20
tree species. Collectively, the number of different species found
on properties varied from 1 species to 22 species, with an average
of 7 different tree species (Table 3). A significant and positive
relationship was found between tree abundance and tree richness
per parcel (Spearman’s p = 0.908), and between tree abundance
and canopy cover per parcel (p = 0.623).
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Fig. 3. Frequency of responses (in %) to questions about rule compliance, norms, neighborhood
problem solving, and neighborhood cohesion by association type. Note: HOA = home owner

association; NA = neighborhood association.
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There was no significant difference between the two association
types in terms of parcel-scale tree abundance or species richness;
however, HOA parcels were characterized by lower canopy cover
(37.6%) than evidenced in NA parcels (48.3%; Table 3) and higher
tree density (~17 trees per 1000 m?) than NA parcels (~12 trees
per 1000 m? data not shown). These differences are likely
explained by the smaller parcel size and plantable space in HOAs,
and the younger age of HOA parcels (with resultant impacts on
canopy extent).

Rule compliance and neighborhood norms

Suggestive of the institutional differences described above by
association type, HOA households were significantly more
influenced by operational rule compliance and community norms
in terms of their landscaping choices (Table 3). Across all
respondents, households reported that compliance to city and
community rules was very important (37%) or somewhat
important (38%) in maintaining their landscaping, with 24%
indicating such rules were not important. Differences were
notable when parsing out rule compliance by association type, as
53% of households in HOAs reported compliance to be very
important, in contrast to 21% of households in NAs (Fig. 3A).
Further, 40% of NA households indicated rule compliance was
not important (Fig. 3A).

Fitting in with the neighborhood was deemed very important
(34%) or somewhat important (50%) in maintaining property
landscape characteristics across all respondents. Specific to HOA
parcels, a larger percentage of respondents indicated the
importance of norms, i.e., 49% cited norms as being very
important and another 43% as somewhat important (Fig. 3A).
Norms were also recognized as being important in NAs, though
25% described them as being not important.

Opportunities to work together to solve community problems was
deemed more positively by NA households than HOA

households. For example, 44% of NA households agreed that
there are many opportunities to work with their neighbors to solve
community problems; this contrasts with the 30% of HOA
households who agreed (Fig. 3B). Finally, although not a
governance system as described in the SES framework, we’ve
included the social capital index in Figure 3B. This index provides
ameasure of social cohesion and reciprocity, which can invariably
have an impact on community norms and strategies. For both
HOA and NA households, just over 50% of respondents described
their neighbors as being trustworthy and helpful, and their
neighborhood as being close-knit. A slightly higher percentage of
NA households agreed than HOA households, and although very
few disagreed with such assertions, a large percentage remained
neutral on the subject (Fig. 3B).

Determinants of parcel-level tree species richness and canopy
cover

When all properties were included, the OLS regression analysis
for tree species richness retained seven explanatory variables, with
a resulting R? value of 0.582 (Table 4). The number of trees on
the property (RU5) was a significant and positive predictor of
tree species richness at the 0.01 level. Other significant variables
included the homeowner’s age (A2), the age of the home (RS),
and all three measures of institutional governance, including rule
compliance (GS6.2), collective problem solving (GS6.3), and
constitutional rules (GS6.4; Table 4). Each of the retained
explanatory variables exhibited a positive relationship with tree
species richness, with the exception of rule compliance (Table 4).

The OLS regression analyses for percent canopy cover also
retained seven explanatory variables, with a resulting R? value of
0.535 (Table 4). As with the tree species richness model, the
number of trees on the property and the age of the home were
positively related to property-level canopy cover (Table 4). Other
significant variables included the available planting space (RS3/4),
respondents’ education level (A2), and household income (A2).
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The variable measuring community norms (GS7) was retained in
the model but not identified as a significant variable at the 0.10
level. Two variables were negatively related to canopy cover,
household income and rule compliance, the latter relationship
being common to both OLS models (Table 4).

Table 4. Standardized coefficients for ordinary least squares
(OLS) regression analyses. Only variables significant in the best
performing model are included in the table. Note: Ordinal
variables are in bold text.

Tree richness’ Canopy cover (%)
Auvailable planting space (m?) 0.367 HAE
Home age (years) 0.169 * 0.397 HAE
Number of trees 0.652 ok 0.209 *
Education 0.044 0.215 o
Income -0.247 oK
Resident’s age (years) 0.175 *x
Rule compliance -0.126 * -0.105
Collective problem solving 0.124 *
Constitutional rules 0.144 *
Norms 0.142
Adjusted R? 0.582 0.535

Significant at *p < 0.10; **p < 0.05; ***p < 0.01.
"Tree richness was transformed to its natural logarithmic form to meet
normality assumptions.

DISCUSSION

Patterns of rules-in-use, norms, and social capital

Key to interpreting our results is an understanding that humans
ultimately decide patterns of tree cover in urban areas through
active and passive decisions (Zipperer et al. 1997); those decisions
are influenced by institutions, be they formal or informal, at
multiple scales (Fig. 1; Ostrom 2005). Attempts to understand
such institutions and their impact on household decision making
regarding residential tree care has thus far been limited. The SES
framework provides a lens under which varied rules-in-use across
household- and neighborhood-scales can be conceptualized and
examined.

In our sample, all parcels were subject to the same municipal codes
and regulations, but HOA parcels were governed by CCRs as well,
so it is not surprising that rule compliance was significantly more
important to HOA respondents than NA respondents. A greater
threat of sanctions exists for HOA parcels, which we reason
incentivizes the importance of rule compliance. Neighborhood
norms, including the expectations and values imparted on
households by neighbors, were also significantly more important
to HOA respondents than NA respondents. Though not legally
enforceable, social mores among neighbors often help define what
is (and is not) acceptable in yards and may constrain human
behavior because of fear of social censure. The presence of rules
within HOAs likely establishes a sense of shared responsibilities
to a certain yard aesthetic, thus implying that shared norms can
play an important complementary role to community rules-in-
use. Such rules and norms may also be impacted by legacies
imparted by the developer. Cities often enter into agreements with
developers during planning stages that establish conservation
easements or tree preservation easements, which may then become
covenants of the development that are enforced (or possibly
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forgotten) by the city, HOA, or NA. Thus, in some ways, the
common physical structure expected of HOA parcels can be
traced back to the developer of the property (Fig. 1), supporting
a sense of normative landscaping.

Interestingly, divergent levels of agreement regarding the
opportunities afforded for collective problem solving were
evident. Although formal institutions establish collective choice
arrangements within HOAs (e.g., establishment of regular board
meetings), our survey data suggest that the informal institutions
within NA communities may provide more opportunities for
community problem solving. One possible explanation is that
such opportunities do not require formalities, some of which may
actually hinder collective problem solving. For instance, a
collective choice requirement that a particular proportion of a
community be present to vote on an issue, a common collective
choice rule in our HOAs, may hinder resolution if attendance is
not met. Without strict collective choice rules, NAs may be more
flexible to make such arrangements at the convenience of
households. This is not to suggest a superior strategy; however,
this result demonstrates that formality is not a prerequisite of
successful collective action (Gibson 2005).

Comparisons of the importance of collective problem solving
(along with rule compliance and norms) between HOA and NA
respondents may be confounded by a second variable:
neighborhood age. Older neighborhoods were more likely to agree
that their neighborhood provided opportunities for collective
problem solving. As discussed by Ostrom (2005), learning is
enhanced when situations are repeated through improved
understanding of others’ strategies, which can facilitate
convergence of individuals’ mental models. Presumably, the older
a community, the more chance that repeated interactions have
taken place between neighbors allowing for convergence toward
problem solving.

Determinants of residential tree composition and cover
Parcel-scale canopy cover and tree species richness were related
to several explanatory variables, though some key differences in
the models were apparent. Inclusive of all parcels in the study
area, governance variables were more strongly correlated with tree
species richness whereas variables reflecting socioeconomic status
and education were more strongly correlated with canopy cover
(Table 4). Common across both models was the significance of
property-level biophysical characteristics, such as home age and
number of trees on the property.

Biophysical variables

In terms of the biophysical characteristics (RU and RS variables),
the number of trees per parcel was a significant and positive
determinant of both tree species richness and canopy cover (Table
4), although more strongly related to richness than canopy. This
relationship is not surprising, whether trees on parcels originated
through planting or natural regeneration, every additional
individual increases the probability of introducing a new species
to the parcel. Additional individual trees, even if small statured,
can only increase canopy cover, unless their canopy is covered by
another tree’s canopy of greater height, in which case they have
no effect. This points to a simple, but salient point: urban forest
management institutions that incentivize tree planting may
increase the probability of greater parcel-scale diversity and
canopy cover.
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The positive and significant relationship between home age and
tree composition and cover for all parcels together reinforces work
by Grove et al. (2006), Troy et al. (2007), Clark et al. (2013), and
others who have highlighted the importance of legacies on the
urban landscape. Tree cover increases with development age, in
part due to longevity of the tree resource and the challenges and
costs of removal. In our sample, the oldest parcels were between
45 and 55 years, an age that has been associated with having high
canopy due to the presence of mature trees (Grove et al. 2006).
More time since development also increases the probability that
anew species will either be planted or naturally recruited, resulting
in higher tree richness (though such processes may be moderated
by the available growing space). In comparison, younger
neighborhoods typically have lower canopy cover because of the
short time since development, and in our sample, fewer trees given
smaller parcels and plantable areas. Our sample did not include
neighborhoods older than 60 years, an age likely to correspond
to older tree populations and thus greater tree mortality with
resulting negative impacts on canopy cover. In selecting our
sample population, we struggled to identify older HOAs within
city limits, likely because of their recent popularity in
Bloomington. This reflects a larger trend in the U.S. because the
number of HOAs grew from a few thousand in the 1970s to nearly
350,000 by 2016 (Community Associations Institute 2016).

Plantable space available for trees was not a significant
determinant of tree species richness but it was strongly associated
with canopy cover. Area haslong been theorized to have a positive
effect on species richness in natural landscapes (Preston 1962,
MacArthur and Wilson 1967); however, the richness-area
relationship in intensively managed urban landscapes is less
understood given the patchwork mosaic of land uses, ownership
types, and number of actors making decisions about the landscape
at small and large scales. Though plantable space was not a
significant driver of parcel-scale species richness, there was a
significant and positive correlation between the two measures at
the 0.01 level (p = 0.551). This relationship warrants further study,
particularly because the urban form of residential parcels
experiences shifts to accommodate rising demand and rising land
costs. Work by Larsen and Hall (2008) suggests these changes
have resulted in smaller average lot sizes in residential
developments, which influences landscaping opportunities and
behavior. How such changes impact tree planting decisions and
outcomes of tree species richness is not well understood. Our
work suggests that lot size and the plantable space per lot does
impact canopy cover. In our study, larger properties had more
canopy and more trees than smaller properties, but did not have
aproportionately larger area canopy free. This suggests that larger
properties have greater potential for canopy cover and associated
provision of ecosystem services. Because residential parcels play
a large role in determining the canopy cover of the urban forest
collectively, consideration of parcel size may be an important
factor in setting and achieving municipal canopy goals.

Governance variables

The tree-richness model retained each of the governance systems
(GS) variables, with positive and significant relationships found
between constitutional rules and tree species richness, and
collective-problem solving and tree species richness. Operational
rule compliance, conversely, was identified as an important but
negative determinant of both tree species richness and canopy
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cover. One possible explanation of these results can be gleaned
from examination of the tree management rules laid out in city
ordinances and CCRs. Most of these rules relate to tree removal
practices and establish barriers to planting (where and what
species); no rules exist that encourage tree planting or the
diversification of planted trees. For instance, although CCRs and
city rules require the removal of dead or dying trees, some also
require gaining approval prior to planting trees, or they restrict
plantings in easement areas or in setbacks. Given this, if rule
compliance is important to a household, fewer trees and likely
fewer species may exist on the parcel regardless of association
type because compliant-focused households may experience
higher transaction costs through planting permit requirements,
and constrained planting locations and species options.
Supporting this argument, a negative correlation between
operational rule compliance and tree abundance was noted across
the entire data set.

When city ordinances exist to encourage tree plantings or the
expansion of canopy cover, much focus has been given to native
tree plantings, a strategy meant to reduce the spread of non-native
exotic species. However, this strategy can result in over-reliance
on a small, nondiverse list of tree species (Sjoman et al. 2016,
Conway et al. 2019). In rapidly urbanizing areas, trees are
increasingly planted in stressful sites in which only a few, often
non-native, species perform well (Almas and Conway 2016). The
sustained provisioning of ecosystem services may therefore best
be obtained by shifting priorities away from native tree plantings
to prioritizing species diversity, including non-native and native
species that are known performers in the area. For those
households for which city or association rule compliance is
important, additional rules that incentivize diversified tree
planting may have a positive effect on species richness (and
canopy). Although cities may struggle to gain support in imposing
such detailed requirements on private parcels, neighborhood scale
decision making could play an important role through the
creation of formal and informal rules that institutionalize
biodiversity. Such rules could potentially increase the ecological
resilience of tree structure and the robustness of community
urban forest management.

Social variables

Great attention has been drawn to the luxury effect hypothesis,
which contends that higher income provides greater resources for
managing extensive plant assemblages (Hope et al. 2003, Kinzig
etal. 2005, Lowry et al. 2012) and/or more extensive tree canopies
(Iverson and Cook 2000, Luck et al. 2009, Schwarz et al. 2015).
Within different cities, studies have demonstrated a positive
relationship between tree-canopy cover and education (Luck et
al. 2009, Nesbitt et al. 2019) and tree-canopy cover and income
(Iverson and Cook 2000, Greene et al. 2018, Nesbitt et al. 2019),
with a recent meta-analysis by Gerrish and Watkins (2018)
demonstrating substantial levels of income-based inequity for
urban forest cover across small and large cities. In our work,
variables reflecting socioeconomic status and education were
more strongly correlated with canopy cover than tree species
richness, but in some unexpected ways. A positive relationship
was found between tree-canopy cover and education, supporting
the work of other scholars (e.g., Luck et al. 2009, Nesbitt et al.
2019), but a negative relationship was found between canopy
cover and income (Table 4). This negative relationship may be
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confounded by the fact that higher income households were more
often associated with HOA properties where canopy cover was
lower.

Further, although positive correlations between income and
education are often reported in the literature, in our sample, the
correlation was not strong (p = 0.319), which may be attributed
to the demographic nature of our sampling location, i.e., a small,
college town characterized by high human capital but relatively
few employment opportunities. Such a scenario may have a
decoupling effect on socio-economic variables. Regardless, our
sample points to opposing associations of education and income
with canopy, and suggests the potential that knowledge of tree
benefits (if linked to higher levels of educational attainment) may
be a mechanism of influence on the maintenance of residential
tree canopy and tree diversity. Further research is needed to
explore this hypothesis.

Limitations

The adjusted R? values in this study ranged from 0.535 to 0.582,
indicating that 53% to 58% of the variation in tree measures was
explained by the property, household, and institutional variables
included in this study. An additional set of variables, in particular,
those that focus on yard characteristics could shed light on the
unexplained variability in residential tree dynamics. For example,
other scholars have examined the presence and extent of edible
gardens, which could influence the amount of canopy desired by
homeowners (e.g., Shakeel and Conway 2014). The property
location relative to a park may also have an impact on residential
tree cover, with houses close to public greenspaces hypothesized
to have more trees based on the influence of landscaping norms
(Shakeel and Conway 2014).

Other ecological variables that may improve explanatory power
include assessments of soil conditions (Schmitt-Harsh et al. 2013)
and tree condition and tree maintenance activities, such as
pruning, watering, and mulching. The latter variables, though
unlikely to have an impact on residential tree biodiversity, may be
influential in determining tree canopy and the health and growth
of trees (UNRI 2010, Vogt et al. 2015b). Currently, the “E”
variable in the SES framework remains underdeveloped because
the framework, by implicit but perhaps unintentional design,
largely suggests that all outcomes in a social-ecological system
can be understood by examining social processes and the
institutions that inform human decisions (Epsteinetal. 2013, Vogt
et al. 2015a). Ecological attributes and processes remain less
integrated into the framework; however, as the SES framework
continues to evolve (Partelow 2018), more inclusive consideration
of ecological attributes will improve the diagnostic capabilities of
the framework.

CONCLUSIONS

This research demonstrates how the SES framework, including
the institutional analysis and theory that informs it, can be
operationalized to understand residential tree composition and
cover. It reinforces the concept of legacy effects on urban forest
structure as time because development and parcel structure
appear to be important drivers. Socioeconomic variables are
associated with residential tree canopy in this study but are
confounded in part by the demographic nature of the study
location and parallel stratifications of demographics with
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neighborhood type and form. Perhaps most importantly, the
study points to the role of operational rules and their potential
for unintended consequences related to determining parcel-scale
tree structure. This is an important finding given our gap in
understanding the influence of institutions on residential tree
composition and cover.

If current arboriculture and urban forestry standards and
metrics are considered during rule formation and
implementation, such rules have the potential to promote
sustainable urban forest structure. For example, such rules might
specifically call for diversified tree plantings and the maintenance
of specific size classes of trees, assuming good tree health and
absence of infrastructure conflict. Regulatory oversight might
also focus on discouraging non-native invasive trees and shrubs,
while at the same time accepting native and non-native species
that have become naturalized into the urban landscape. In this
way, urban forest institutions could incentivize the planting and
management of diverse assemblages of tree species and their
associated canopy, which may aid in countering the biophysical
and social drivers of urban forest structure that may be more
difficult to adjust for (e.g., variability in education and income).
Thus, this research demonstrates the importance of city and
neighborhood (HOA and NA) rules in structuring urban forests
and implicates the nature of those rules in sustainable urban
forest management.

Responses to this article can be read online at:
http://www.ecologyandsociety.org/issues/responses.
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Appendix 1. Survey questions that were analyzed to operationalize the SES framework. The full survey
instrument had 37 questions and was distributed to owner-occupied, single-family housing units.

1. How long have you lived at this property?

Years Months

2. How important is “fitting in with the neighborhood” to maintaining this property’s landscape? “Landscape”
refers to the natural elements (trees, gardens, lawn) of the property excluding built structures (house, sheds,
etc.).

[] Very important [ ] Somewhat important [ ] Not important

3. How important is “complying with City or Neighborhood or Homeowners Associations rules” to maintaining
this property’s landscape?
[] Veryimportant [ ] Somewhat important [ ] Not important

4. How strongly would you agree or disagree with the following statements about your neighborhood?

Strongly Strongly Don’t
agree  Agree Neutral Disagree disagree know
v v v v v v
a. People in the neighborhood are willing to help
one another. [] [] [] [] ]
b. This is a close-knit neighborhood. ] ] ] ] ] ]
c. People in this neighborhood can be trusted. ] ] ] ] ] ]
d. There are many opportunities to meet neighbors
and work on solving community problems ] ] ] ] ] ]

together.
5. Please describe any City rules or restrictions (city ordinance, development code, etc.) that affect the way you
manage trees on your property or along the street.

6. Please describe any Neighborhood (NA) or Homeowners Association (HOA) rules that affect the way you
manage trees on your property or along the street.

7. Including yourself, how many people live in your household?

- How many are under the age of 18 years?

8. What age are you?
[] Under 35
[ 35-44
[] 45-54
[] 55-64
[] 65 or over



9. What is the highest grade in school you have had the opportunity to complete?
[] high school or equivalent
(] some college or technical
[] college graduate or higher

10. What is the total income of your household?
[ < $25,000
[] $25,001 - $50,000
[] $50,001 - $75,000
[ > $75,001
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