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Abstract. Municipalities are setting targets for increasing street tree species diversity to support resilience and enhance the supply of ecosystem
services from the urban forest. Assessments of street tree composition and structure, and consequent vulnerability to the stresses of urban cli-
mate change, pests, and disease, offer guidance for such targets. However, assessing local resident preferences toward species diversity within
streets is also important to achieving such targets. Much of the research on street tree preference to date has focused on resident preferences for
individual street tree characteristics, without reference to collective/contextual characteristics such as species diversity. We inferred resident
preferences for collective street tree features, including species richness, from nearby house sale prices in the city of Brisbane, Australia. While
home-buyers were willing to pay a premium for houses on streets with mature and aged trees, their tolerance for mixtures of species was lim-
ited to no more than six species nearby. Tolerance also varied within the city with greater sensitivity to mixtures of species in locations of greater
socio-economic advantage. These findings suggest that increased diversity will not automatically be accepted by the community. Municipalities
need to be cautious in their approach to increasing tree species diversity at finer scales, like streetscapes, within the urban forest.
Key words. Resident Preferences; Species Diversity; Street Trees.

INTRODUCTION

Inventories of urban tree populations show that streets
can have high levels of species richness (Alvey 2006).
However, many cities remain overly reliant on just a
handful of species from one or two higher taxa irre-
spective of climate zone (Kendal et al. 2014; McPherson
et al. 2016). Recognition of the importance of diver-
sifying tree species composition to both the resilience
of the urban forest (Raupp et al. 2006; Muller and
Bornstein 2010; Morgenroth et al. 2016) and the eco-
system services it supplies (Alvey 2006; van Dillen et
al. 2012) has translated to municipalities setting tar-
gets for increasing diversity across a range of urban
forest components, including street trees (Young
2011; City of Melbourne 2013; City of Sydney 2013;
Ordoéiiez and Duinker 2013; Sjoman et al. 2016).

Assessments of local urban forest structure, composi-
tion, and vulnerability have been suggested as a more
appropriate guide to contemporary targets for increas-
ing street tree diversity than generic guidelines such
as the 10/20/30 rule of thumb, which calls for no more
than 10% of the total tree population coming from any

one species, 20% from any one genus, and 30% from
any one family (Santamour 1990; Subburayalu and
Sydnor 2012; Dobbs et al. 2013; Kendal et al. 2014;
Sjoman et al. 2016). However, the success of street
tree planting is also dependent on the views of local
residents (Shakeel and Conway 2014). Assessment of
local resident preferences for or against increasing
diversity will also be important to achieving diversity
targets (Braverman 2008; Jones et al. 2013; Conway
and Bang 2014; Faehnle et al. 2014; Ives and Kendal
2014).

One option for increasing street tree diversity is the
use of mixed plantings within particular streetscapes.
Yet very few studies have explored resident prefer-
ences for street tree species diversity within streets or
local streetscapes, and the results of these studies are
not conclusive. Faced with removal and replacement
of dead and dying ash trees attacked by Emerald Ash
Borer, which had been planted some fifty years ear-
lier to replace elm trees destroyed by Dutch Elm Dis-
ease, Toledo residents stated they would be satisfied
with a mix of large-growing tree species within streets
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(Heimlich et al. 2008). In less emotive circumstances,
residents of Dresden and Cologne approved of more
“wild” herbaceous streetside vegetation amongst tree-
lined streetscapes, but still preferred planted and
maintained vegetation (Weber et al. 2014), and house
sale prices in Portland were higher when the nearest
“green street stormwater facilities” contained more
trees of mature age and diverse taxa (Netusil et al.
2014). Yet symmetrical, orderly, and homogenous street-
scapes have been rated as more attractive (Weber et
al. 2008) and both physically (van Dillen et al. 2012;
de Vries et al. 2013) and psychologically more restor-
ative (Lindal and Hartig 2015) in other cities.

In contrast, resident preferences for individual street
tree characteristics have been widely reported in both
stated and revealed preference research (Williams
2002; Todorova et al. 2004; Schroeder et al. 2006; Pandit
etal. 2013; Camacho-Cervantes et al. 2014; Escobedo
etal. 2015a; Ng et al. 2015). In survey responses, res-
idents have often stated their preferences for aestheti-
cally pleasing street trees over functionally beneficial
ones and always over trees associated with excessive
debris or perceived to be damaging to property or of
risk to people (Schroeder et al. 2006). What is pleas-
ing at an individual tree scale can depend on whether
respondents have a street tree on their frontage (Gor-
man 2004) and varies between tall, leafy, shade trees
in Morelia, Mexico (Camacho-Cervantes et al. 2014),
and southern California (Avolio et al. 2015); small,
slower-growing street trees in cool, cloudy climates
of North Somerset, UK (Schroeder et al. 2006); large,
spreading street trees rather than columnar trees in
Chicago (Schroeder and Ruffolo 1996) and Germany
(Gerstenberg and Hofmann 2016); medium-sized,
globular street trees in Melbourne, Australia (Wil-
liams 2002); broad-leaved trees (not palms) on foot-
path frontages in Perth, Australia (Pandit et al. 2013);
large hardwood species (not conifers) in Athens,
Georgia (Anderson and Cordell 1988); and large,
hardy, shady, and symbolic Ficus species in Kuala
Lumpur (Sreetheran et al. 2011), Bangkok (Thaiutsa
et al. 2008), and southern China (Jim and Liu 2001).

Likewise, few studies to date have specifically
explored the influence of temporal, socio-economic,
and demographic factors on tree species diversity
within streetscapes. At the city-wide scale, we know
such factors influence street tree abundance and private
garden species diversity (Landry and Chakraborty
2009; Kendal et al. 2012). Socio-economically
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advantaged residents and those with greater knowl-
edge of trees or positive experiences with trees/land-
scapes are more likely to already live in leafy suburbs,
support tree-planting programs (Jones et al. 2013),
and rate trees as important to their quality of life
(Lohr et al. 2004). But it is not clear whether
socio-economic status is a good predictor of tolerance
for species diversity within local streetscapes. Esc-
obedo et al. (2015) found greater species diversity
across an aggregated inventory of public tree popula-
tions in the richest socio-economic areas of Bogota,
and likewise Pedlowski et al. (2002) in street tree
populations of nine districts of Rio de Janiero. House-
hold income was also found to be the best discrimina-
tor of the seven attitude syndromes of residents, which
were identified across suburbs in six Australian cities
(Kirkpatrick et al. 2012), as strong predictors of tree
planting and removal behaviours that directly influ-
enced abundance and diversity of trees on private
property as well as streetscape preferences. However,
Avolio et al. (2015), Kendal (2012), and Luck et al.
(2009) found stronger relationships between educa-
tion levels and public tree diversity. Few studies have
explored interactions between education and income
on street tree preferences.

Municipalities would benefit from insights into
local resident preference for mixtures of species
within streets, either to incorporate alternative species as
replacements for pest/drought-affected or vulnerable
street tree species, or to evaluate shifts in streetscape
design and functionality toward a mixed array of
trees. This study explores resident preferences
inferred from the effects of a range of street tree fea-
tures, including species richness, on house sale prices
in the city of Brisbane, Australia.

METHODS
This study used hedonic price modelling to measure
home-buyers’ preferences for street tree features.
Hedonic pricing is based on the assumption that people
choose their consumption of environmental qualities
through their selection of a private-good consumption
bundle (Freeman III et al. 2014) such as the purchase
price of a house. Residential housing prices (the
dependent variable in the hedonic model) provide a
market value of a bundle of goods and can be broken
down into both attributes of the house and land and
locational characteristics, including environmental
features (the explanatory or independent variables in
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the hedonic model). Significant explanatory variables
reveal a marginal implicit price (or hedonic price)
that represents home-buyers’ willingness to pay (WTP)
for an incremental increase in that component which
may be positive or negative. The hedonic price mod-
elling technique has become popular in valuing eco-
system services of urban forests and greenspace (Roy
et al. 2012; Saphores and Li 2012).

Study Location

Our study was conducted in Brisbane, Australia. Bris-
bane is located 500 km south of the Tropic of Capri-
corn at latitude 27° 25’ south and longitude 153° 9’
east on the east coast of Australia and is the third most
populated and one of the fastest growing cities in
Australia (Australian Bureau of Statistics 2011).
Rapid growth and changing patterns of residential
development in Australian cities is reducing the space
for trees on private house lots and increasing the
importance of tree cover in the public realm, includ-
ing streetscapes (Byrne et al. 2010; Hall 2010; Daniel
2012). In 2010, tree canopy covered 51.2% (70,673
ha [706.73 km?]) of the land area within the Brisbane
City Council (BCC) boundaries. Almost half of Bris-
bane’s tree canopy cover was growing on public land,
including 4.1% (2,960 ha [29.6 km?]) of street tree
canopies specifically within BCC road reserves. In
Australia, trees in the footpath zone of the road
reserve are, most often, the responsibility of the local
municipality, yet residents have a strong influence on
the presence and species of trees fronting their prop-
erty (Kirkpatrick et al. 2012).

Brisbane is a useful place to explore resident pref-
erences for street tree diversity. High levels of both
species richness and diversity of Brisbane’s street tree
population have been reported (Plant and Sipe 2016).
The municipal authority in Brisbane has also set
requirements for developments to provide street
frontage (verge) treatments that include a mixture of
species within each level of the streetscape hierarchy
to promote Brisbane’s subtropical identity (Brisbane
City Council 2014). To support multipurpose street-
scapes, especially walking and cycling, BCC also
aims to increase tree shade along residential footpaths
from 35% canopy cover, measured in 2010, to 50%
by 2031 by planting a variety of shade trees along the
most “shade-hungry” parts of the footpath network
(Plant 2006; Favelle and Plant 2009; Brisbane City
Council 2013; Davison and Kirkpatrick 2014).

Study Data

Data from house sales between 2008 and 2010 within
80 sample sites were combined with attribute data
from spatial analysis, Census 2011 data, and BCC
2010 street tree survey data. These same 80 sites were
used by BCC in a separate field-based exercise to
estimate street tree population, stocking level, com-
position, and condition within residential suburbs
(residential suburbs are defined as those suburbs with
50% or more of their land area designated in Brisbane
City Council - City Plan 2000 as a type of residential
zoning). The sample sites were chosen using stratified
random sampling to account for the uneven distribu-
tion and density of street tree canopy cover (Plant and
Sipe 2016). Two data sets were analysed—house sales
with street trees on their front footpath (n = 459), and
house sales with street trees within 100 m of the prop-
erty, but not on the front footpath (n = 1882). Four
anomalies were removed from the second data set,
three where average tree height was over 50 m and
one where 146 species were recorded growing within
100 m of a house sale site. House, property, suburb,
and street tree features used in this study are sum-
marised in Table 1.

Street tree features from the 2010 BCC street tree
survey data were converted to four (4) continuous
variables—average number and height of trees, spe-
cies richness, and species diversity (Shannon Weiner
Index)—and three (3) coded variables—presence of
overhead powerlines, tree health, and age categories—
relevant to each house sale. Dummy variables were
used to test the contribution of just two scenarios of a
particular attribute, such as footpath frontages with or
without powerline constraints and the effect of mature
and aged street trees nearby compared to all other tree
age categories. Street tree age categories from the
survey data were new: 0 to 2 years; juvenile: 3 to 5
years; maturing: 6 to 15 years; mature: 16 to 30 years;
aged: > 30 years.

Statistical Analysis

A series of hedonic price models were developed
from analysis of the data. Those features of street
trees on the front footpath not found to be significant
in the first-stage models (i.e., powerline constrained
and tree health) were not tested again in the nearby
streetscape data set (second stage of analysis), and
species richness was only explored within 100 m of
house-sales sites and not frontages. Tolerance for
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Table 1. Summary of the house, property, suburb, and features of street trees on the front footpath and nearby within the two

house sales data sets.

(n=

459 house sales) (n = 1,882 house sales)

Front footpath
of house sale site

Nearby footpaths
within 100 m of house sale site

House sale price

Median sale price (AU$) 513,500 525,000
House variables

Average number of bedrooms 3.44 3.45
Average number of bathrooms 1.64 1.70
Average number of garages 1.50 1.53
Property variables

Average lot size (m?) 618.44 582.19
Average distance to nearest park (m) 181.01 194.09
Suburb variables

% house sale sites in prewar suburbs 35.07 23.9
% house sale sites in postwar suburbs 45.1 60.2

% house sale sites in suburbs where household income 9.71 10.08
was upper quartile

% house sale sites in suburbs where household education 49.0 49.0
level was yr 12 or above

Average distance to CBD (Translink zone) 3.49 3.350
Street tree features

Average tree height (m) 5.76 5.55

% properties powerline constrained 30.24 -

% properties with trees poor health 5.87 -

% properties with trees good health 26.63 -

% properties with mature + aged trees 28.35 27.66
% properties with maturing aged trees 58.20 55.47
% properties with new + juvenile trees 13.45 16.87
Average number of footpath trees 1.42 17.09
Average species richness (number of species) - 5.85
Average species diversity (Shannon-Weiner) - 1.30

species richness within the streetscape above or
below average richness for the sample (5.85) was
tested in a third stage of analysis by substituting a
coded variable (D_species richness < 6) in the data
set. In the final stage of analyses, interactions between
revealed tolerance for species richness and suburb
scale socio-economic characteristics were tested by
adding two separate interactive variables (D_species
richness < 6 X income and D_species richness < 6 %
education) to the models.
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Spatial relationships among neighbouring house
sales and among residuals (unexplained variation)
can be common in house-sale price data sets (Anselin
and Bera 1998; Pandit et al. 2013). We accounted for
spatial dependence by using a simultaneous autocor-
relation regression (SAR) least squares estimations in
MATLAB®. Our spatial weight matrix was limited to
six nearest neighbours to prevent neighbouring trans-
actions from non-neighbouring sample plots from
misrepresenting the specification.
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RESULTS
As shown in Table 2, the model including front foot-
path tree features explained 70.4% of the variance in
house sale prices of that data set. However only one
of the six street tree attributes was significant at the
90% probability level. Street trees in the mature and
aged (> 16 years) categories had a significant positive
effect and, when other variables were held constant,

were adding a 6.9% premium to median house sale
price. The small size of the data set limits the robust-
ness of this model.

The second model excluding front footpath tree
features and adding features of street trees up to 100
m from house sale sites confirmed the significant
effect of mature and aged street trees nearby on house
sale prices and an indifference to tree size in a model

Table 2. Spatial hedonic price modelling results for house, property, suburb, and features of street trees on the front footpath
(Stage 1), and nearby footpaths (Stage 2 and Stage 3).

Front footpath Footpath nearby (100 m)
Variable Coeff SE t-value Coeff SE t-value
Intercept 11.8939 0.2083 57.1000 *** 11.8749 0.0908 130.8110 ***
D 2010 0.0573  0.0200 2.8650 *** 0.0458 0.0113 4.0518 ***
House
No. bedrooms 0.0447 0.0204 2.1912 ** 0.0535 0.0087 6.1250  ***
No. bathrooms 0.1437 0.0251 5.7251  *** 0.1541 0.0099 15.5500 ***
No. garage spaces 0.0052 0.0131 0.397 0.0236  0.0066 3.6009  **
Property
Lot size 0.0004 0.0001 4.0000 *** 0.0004 0.0000 12.8794 ***
D <200 m to nearest park -0.0287 0.0217 -1.3226 * -0.0436  0.0120 -3.6369 **
Suburb
D Prewar0.17010.04693.6269*** 0.2419 0.0247 9.7825  ***
D_Postwar 0.0147 0.0396 0.3712 0.1030 0.0213 4.8392 ***
Suburb household income 0.0184 0.0036 S.1111  *** 0.0204 0.0016 127219 ***
Suburb education 0.0095 0.0025 3.8 kK 0.0086 0.0010 8.7634 ***
Location-distance to CBD -0.0358 0.019  -1.8842 * -0.0338 0.010  -3.3329 **
Front Footpath Street Tree Features
No. of footpath trees -0.0181 0.0184 -0.9837
D_Powerlines 0.0299 0.0281 1.0641
Hgt tallest tree (m) -0.0041 0.0039 -1.0513
Health D_poor 0.0172  0.0649 0.265
Health D_good 0.0074 0.0242 0.3058
Age D_maturing 0.0028  0.0282  0.0993
Age D_mature/aged 0.0692 0.0368 1.8804 *
Nearby Footpath Street Tree Features
Age D mature/aged 0.0327 0.0134 24311  **
Age D new/juvenile -0.0045 0.0120 -0.3793
Species richness -0.0050 0.0024 -2.0705 **
(D_Species richness < 6)# 0.0286 0.0138 2.0644 **
Av_Height -0.0012  0.0021 -0.5792
No. of nearby street trees 0.0013  0.0007 1.7783 *
Adjusted R? 0.704 0.6513
rho * *

*p<0.1; ¥ p<0.05; **¥* p<0.01
# 6 species or less - run in Stage 3 model
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which explained 65.1% of pricing variance across the
sample. While species diversity (measured using the
Shannon Index) had no significant effect on house
price, species richness (number of species) was sig-
nificant and a negative predictor of house price. The
greater the number of different tree species in the
street, the lower the house sale price. Each additional
street tree within 100 m of a house sale site added
$682 to median house sale price, but when that addi-
tional tree was a new species, house sale price was
$2,625 lower.

In the third-stage models, a threshold of no more than
six species reversed this negative effect to a significant
positive effect. Six or fewer different species nearby
added $15,015 (or 2.9%) to median house sale price.
The presence of some mature or aged street trees nearby
added greatest value (i.e., $17,168 or 3.3% above
median house sale price). Results of the first three
stages of revealed preference analysis are shown in
Table 2. In summary, home-buyers were expressing
their preference for more street trees, especially of
mature age, but there was a threshold of tolerance for
species mix within streetscapes nearby, where more
than six species had a negative effect on house prices.

Of all the location characteristics in the data set, only
household income and education levels of suburbs had
significant, although weak, correlations (using Pearson’s
2-tailed t-test) with street tree species richness nearby
(suburb income x richness =0.060 at p < 0.01; suburb
education X richness = 0.067 at p < 0.01). When
tested within the models, these location variables sig-
nificantly influenced the value that home-buyers
placed on a limited mix of species within streets. In
locations with a greater proportion of households
with education levels at year 12 or above, home-buyers

were willing to pay an additional premium of 9.1%
above other suburbs for houses with streetscapes with
six street tree species or less nearby. In locations with
a greater proportion of households with income lev-
els in the top quartile, the premium was 3.1% above
other suburbs (Table 3).

DISCUSSION

This study explored one of the many types of human-
environment interactions (Williams 2002; Ives and
Kendal 2014; Avolio et al. 2015; Kabisch et al. 2015;
Sdumel et al. 2016), that must also be taken into
account when seeking to diversify and sustain street
tree populations (i.e., resident preferences). We found
that home-buyers expressed a preference for more
street trees nearby, especially if those trees were
mature or aged. However, additional tree species
nearby, beyond six species, discounted house sale
prices. This threshold of tolerance for species diver-
sity varied by location, with less diversity preferred in
locations of greater socio-economic advantage.

Low levels of street tree species diversity found
across many cities, despite a large species pool to choose
from, suggest that there are strong drivers which limit
diversity in roadside environments. Biophysical chal-
lenges presented by the harsh, varied, and constrained
nature of roadsides can limit the number of species
that can tolerate such conditions in any climate (Jim
1998; Kendal et al. 2014; Miller et al. 2015). Our
study suggests that resident preferences are well
adapted to these low levels of species richness, and
strategies such as trialling native species (Sjoman et
al. 2016), expanding municipal species lists (Lacan
and McBride 2008), and encouraging nurseries to

Table 3. Summary of interactions between tolerance for species mixtures within streets and socio-economic levels of suburbs.

Variables of interest Base model Interactive models % change
Income Education

R>  0.6513 R>  0.6513 R>  0.6513

Coeff. Coeff. Coeff.
Suburb household income 0.0204  *** 0.0226  *** 0.0208  *** < 1%
Suburb household education 0.0086  *** 0.0084  *** 0.0095  *** < 1%
D _Species richness < 6 0.0286  ** 0.0629  #** 0.1213  **
D_Species richness < 6 X income -0.0031 * 3.12%
D_Species richness < 6 X education -0.0018 * 9.09%

*p<0.1; ** p<0.05; ** p<0.01
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grow a broader range of species (Lohr 2013) in time
for planting projects (Pincetl et al. 2013; Campbell
2014) may be countered by local resident preferences
for a limited mix of species within streets.

Atthe finer scale of nearby streetscapes investigated
in this study, we found significant preferences for the
aesthetic features of streetscapes (i.e., maturity of trees
and species mix), which can be classed as life fulfill-
ing or as cultural ecosystem services. In contrast, street
tree size and condition, which are critical to provi-
sioning or life-supporting ecosystem services, and
which are highly valued by urban forest professionals
(Kirkpatrick et al. 2013a; Kirkpatrick et al. 2013b;
Davison and Kirkpatrick 2014; Jones and Instone
2016) were not significant. Resident preferences for
aesthetics above function and concerns about disser-
vices is consistent with other studies at city-wide
scales (Summit and McPherson 1998; Gorman 2004;
Flannigan 2005; Schroeder et al. 2006; Heimlich et al.
2008; Escobedoetal. 2011; Birtles et al. 2014; Camacho-
Cervantes et al. 2014). Yet, street tree species choices
are more often decided at municipal, developer, or
designer levels, whose professional streetscape pref-
erences may not align with each other’s, let alone with
residents’ and other stakeholders’ preferences (Gjerde
2011; Conway and Vander Vecht 2015). Divergent
preferences can be linked to divergent functions of
tree-lined streets, which have evolved from earliest
European neoclassical symbols of luxury and power
to please a small group of people to a mixture of aes-
thetic, recreational, ecological, and economic contri-
butions to the broader public (Lawrence 1993).
Although mainstreaming of environmental benefits
of street trees, such as air quality improvement, cool-
ing urban heat islands, energy conservation, and
stormwater management, has served to engage deci-
sion makers (Silvera Seamans 2013), residents who
live closest to this subset of the urban forest may con-
tinue to require a balance between the aesthetic and
functional features of street trees—supporting further
exploration of an “ecological aesthetic” (Kazemi et
al. 2011; Rosley et al. 2014).

Within their nearest streetscapes, our study indi-
cated that Brisbane residents prefer a limited mixture
of tree species, which is not consistent with previous
studies. Recreational users of informal parks (Qiu et
al. 2013) and natural areas (Fuller et al. 2007; Botzat
et al. 2016; Shanahan et al. 2017) and residents at
regional scales (Ambrey and Fleming 2014) have been

found to prefer greater levels of diversity and complex
vegetation. Our study suggests that home-owners and
home-buyers do not prefer a rich mixture of species
closer to home. Mixtures of species at this scale may
challenge preferences for homogeneity, orderliness,
and tidiness across built and non-built forms within
streetscapes (Weber et al. 2008; Weber et al. 2014). In
Australian cities it is common practice for residents to
maintain the footpath zone, even though this zone is
controlled by the municipality, which is also respon-
sible for planting and maintaining the street trees (Plant
and Sipe 2016). Residents in Australia consequently
have a strong influence on the presence and species of
trees in the footpath zone fronting their property
(Kirkpatrick et al. 2012), which may spill over to
their preference for the greater order found in lower
species diversity at the streetscape scale.

A threshold of tolerance of no more than six differ-
ent street tree species in nearby streetscapes emerged
from this study, beyond which preference declined.
This provides quantifiable guidance for urban forest
managers seeking to balance the need for increased
diversity to maintain a sustainable and resilient urban
forest and the needs of residents. The threshold can
also be used to evaluate the estimated effect of Bris-
bane’s streetscape policy. This Infrastructure Design
Planning Scheme Policy — Streetscape Hierarchy —
Neighbourhood Street, requires “a mix of species laid
out in an informal manner with clusters of trees at 2- to
6-m centres” (Brisbane City Council 2014). For a
collective of “neighbourhood streets” within a resi-
dential zone, the policy would require the planting of
no more than six street tree species within a 100-m
length of street. Our findings suggest residents may
therefore be supportive of the policy.

Preferences for species diversity in streetscapes
are likely to be highly location dependent. Within the
limited scope of our study, we chose to further explore
the influence of socio-economic status as a locational
characteristic that has already been found to influence
urban tree abundance in the form of canopy cover
(Heynen et al. 2006; Shanahan et al. 2014).

Limited species mixtures in nearby streets in our
study area were more strongly preferred in locations
with higher education and income levels. It is possible
that more affluent and educated suburbs have lower
levels of species richness within streets, and familiarity
has reinforced this preference. Areas of socio-economic
advantage are amongst older suburbs, in the case of
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Brisbane, where early street tree plantings along wide
verges consisting of monocultures of fashionable spe-
cies (Plant 1996) have persisted to provide both mature
and less diverse streetscapes. Though others have
found that higher education and income levels can be
strong predictors of species richness (Escobedo et al.
2015b) and support for street tree planting (Conway
and Bang 2014), at the neighbourhood scale, there are
clearly complex interactions between existing species
diversity, socio-economics, patterns of development,
and other factors (Rosiers et al. 2007; Kirkpatrick et
al. 2011; Lowry et al. 2012; Flint et al. 2013; Ives and
Kendal 2014; Shakeel and Conway 2014) that can
influence resident tolerance to streetscape diversity at
the finer scale of nearby streets, reinforcing the need
for local assessments (Williams 2002).

Given education level was a stronger predictor of
sensitivity to species richness than income, targeted
knowledge sharing may be effective when increases
to species richness are being considered. Changes
from monocultures of existing street species to varia-
tions from block to block along major residential
streets in precincts of Melbourne have been supported
by community stakeholders following information
sharing and engagement about the vulnerability of
existing species to changing climate (City of Melbourne
2015). Similar “information interventions’ about the
role of green infrastructure in mitigating the impacts
of heat waves and flooding have been found to shift
preferences in streetscape composition toward more
trees, rather than shrubs or grass (Derkzen et al. 2017)
The importance of consultative approaches in Austra-
lian cities where councils/municipalities are responsi-
ble for street trees, but residents are highly involved,
cannot be underestimated. Equally important is build-
ing awareness across the range of decision makers
and stakeholders. Recent studies in Canadian cities
credit both improved availability of native tree nurs-
ery stock, urban forest practitioner awareness of the
importance of species diversity, and species diversifi-
cation goals in urban forest management plans for
increased street tree diversity in newer versus older
neighbourhoods (Almas and Conway 2016; Nitoslawski
and Duinker 2016).

In managing resident sensitivity to mixtures of tree
species in streets there is scope for achieving both
species richness and visual homogeneity and order
through the use of different species of similar forms
and textures (Trowbridge and Bassuk 2004;
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Gerstenberg and Hofmann 2016). While our study
used inventory survey measures of species richness
and diversity, residents are unlikely to detect species
differences in the same way (Fischer et al. 2014).
People often express their street tree preferences
through traits such as size, growth rate, shape, and
foliage type and densities (Williams 2002; Schroeder
et al. 2006) rather than species identity, although some
particular species have been identified as least pre-
ferred by “hazard minimisers” and “native wildlife
enthusiasts” (Kirkpatrick et al. 2012). Achieving
greater perceived coherence in tree traits could allow
for an increase in tree species richness without greatly
changing perceived diversity. Promoting greater
genetic diversity within species, such as various prov-
enance sources or cultivars, may also provide greater
ecological resilience while maintaining some visual
orderliness, but further studies are required (Botzat et
al. 2016; Maclvor et al. 2016).

Exploring contextual and temporal gradients in
species diversity tolerance in streetscapes across other
types of residential land-uses and cities elsewhere are
also important directions for future research. For
example, mixtures of tree forms and uneven street
tree placement, rather than closed, continuous street tree
canopies in narrow, deep street canyons, can deliver
greater air quality improvement (Vos et al. 2013).
Residents in highly compact dwelling forms such as
Hong Kong have already indicated greater receptive-
ness to functional over aesthetic benefits of nearby
greenspace, especially air purification (Lo and Jim 2012),
and may consequently be less sensitive to mixtures of
species in streets that contribute to cleaner air. Under-
standing how people’s values for different kinds of
urban landscapes can be incorporated into urban for-
est planning will also help balance needs for diversity
and people’s diverse needs from the urban forest
(Ordoiiez and Duinker 2014).

The approach used in this study demonstrates the
advantages of integrating street tree inventory data into
hedonic price modelling to reveal resident preferences.
Such techniques are valuable in comparing urban for-
est needs, in relation to optimising and sustaining
ecosystem services, to community needs and preferences
at fine scales such as local streetscapes. Advancing such
techniques also provides tools for policy evaluation
and can assist in developing business cases for strate-
gic investment in shared outcomes. An earlier study,
using a similar approach, found that municipal goals
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for increasing street tree canopy cover along footpaths
in residential areas was supported by home-buyers’
preferences for increased tree cover (Plant et al. 2017).

It is also important to recognise that the scope of
this study has been limited to the preferences of
house-buyers. A more comprehensive understanding
of community preferences for species diversity should
consider renters and the multi-unit residential sectors
whose streetscape values may vary. The hedonic pric-
ing approach also limits our understanding to “what”
is preferred, not “why.” We encourage further explo-
ration of stakeholder perceptions and values, alongside
assessments of urban forest structure and services, to
better inform urban forest decision making at finer scales.

CONCLUSION

The results of this study sound a warning for urban
forest managers seeking to increase species diversity
within streets based on assessments of street tree pop-
ulation structure alone. We revealed resident preference
for limited species richness at the local streetscape
scale, which was not reflected in previous studies at
neighbourhood- and city-wide scales, and significant
interactions between sensitivity for street tree species rich-
ness in streets and socio-economic status of locations.

Planning must take into consideration the scale at
which diversity needs to be managed in the urban forest.
Municipalities that integrate assessments of both urban
forest structure and insights about how residents experi-
ence and value structural features, at the scale they are
experienced, are more likely to lead to better outcomes
for both urban trees and the residents they live with.
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Résumé. Les villes établissent des cibles visant a accroitre la
diversité des especes chez les arbres d’alignement afin d’améliorer
leur résilience et amplifier I’apport de la forét urbaine sur le plan
des services écosystémiques. L’évaluation de la composition et de
la structure des alignements d’arbres et leur vulnérabilité
conséquente aux stress des changements climatiques, des rav-
ageurs et des maladies, offrent des orientations en vue de I’atteinte
de ces cibles. Cependant, prendre en compte les préférences des
résidents locaux en lien avec la diversité des especes dans les
alignements est également important afin de rencontrer ces cibles.
L’essentiel de la recherche sur les préférences citoyennes pour les
arbres d’alignements a porté¢ jusqu’a maintenant sur les car-
actéristiques recherchées pour un arbre individuel, sans référence
a des caractéristiques contextuelles ou collectives comme la
diversité des espéces. Nous avons supputé les préférences de rés-
idents pour des particularités d’ensembles d’arbres de rue, inclu-
ant une abondance d’espéces, a partir du prix de vente de maisons
dans la ville de Brisbane, Australie. Bien que les acheteurs soient
disposés a payer une prime pour des maisons situées sur des rues
plantées d’arbres matures et 4gés, leur tolérance envers une diversité
d’especes était limitée a un maximum de six especes dans leur
voisinage. La tolérance variait également dans la ville, avec une
plus grande sensibilité aux mélanges d’especes pour des emplace-
ments présentant un meilleur avantage socio-économique. Ces
résultats suggerent qu’une diversité accrue ne sera pas automa-
tiquement acceptée par la communauté. Les villes doivent étre
prudentes dans leur approche visant a augmenter la diversité des
especes d’arbres a plus fine échelle comme pour I’aménagement
de rues boisées, au sein de la foréturbaine.

Zusammenfassung. Verwaltungen setzen Ziele zur Erhéhung
der StraBenbaumdiversitdt, um die Widerstandsféhigkeit zu unter-
stiitzen und die Okosystemleistungen aus den urbanen Wildern
zu erh6hen. Untersuchungen der Stralenbaumzusammensetzung
und der Struktur und nachfolgend auch deren Anfilligkeit gegen-
iiber Stressfaktoren des urbanen Klimawechsels, Schidlingen
und Krankheiten liefern Richtlinien fiir solche Ziele. Dennoch ist
auch die Untersuchung von Préferenzen der lokal Anséssigen
beziiglich der Charakteristika der individuellen StraBenbdume
wichtig fiir die Erreichung dieser Ziele. Viel von der gegenwirti-
gen Forschung zur Préferenz von Stralenbdumen fokussierte bislang
auf der Praferenz der Anwohner, ohne eine Referenz zu kollektiven/
kontextabhéngigen Charakteristika wie Artenvielfalt. Wir leiteten
die Vorlieben der Anwohner fiir kollektive Stra3enbaummerkmale,
einschlieflich Artenreichtum aus benachbarten Hausverkaufs-
preisen in der Stadt Brisbane, Australien ab. Wéahrend Hausk&ufer
bereit waren, mehr fiir Hauser in Stralen mit ausgewachsenen
und alten Bdumen zu zahlen, war ihre Toleranz fiir eine Mischung
von Arten begrenzt auf nicht mehr als sechs Arten in der Nahe.
Die Toleranz variierte auch innerhalb der Stadt mit groBerer Sen-
sitivitédt fiir Mischungen von Arten an Standorten mit groerem
sozio-okonomischen Vorteil. Diese Ergebnisse verdeutlichen,
dass wachsende Artenvielfalt nicht automatisch von der Kom-
mune akzeptiert wird. Verwaltungen miissen vorsichtig sein bei
ihrem Versuch, die Artenvielfalt im Feinbereich, wie Straflenziigen
und innerhalb von urbanen Wildern zu erhohen.

Resumen. Los municipios estan estableciendo objetivos para
aumentar la diversidad de especies de arboles urbanos y asi apoyar
la resiliencia y mejorar la oferta de servicios ecosistémicos del
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bosque urbano. Las evaluaciones de la composicion y la estructura
de los arboles de la calle y la consiguiente vulnerabilidad al estrés
del cambio climatico urbano, las plagas y las enfermedades, ofrecen
orientacion para tales objetivos. Sin embargo, la evaluacion de las
preferencias de los residentes locales hacia la diversidad de especies
también es importante para lograr dichos objetivos. Gran parte de
la investigacion sobre la seleccion de arboles hasta la fecha se ha
centrado en las preferencias de los residentes por las caracteristicas
individuales de los arboles, sin hacer referencia a caracteristicas
colectivas / contextuales como la diversidad de especies.

Inferimos las preferencias de los residentes por las caracteristi-
cas colectivas de arboles, incluida la riqueza de especies, de los
precios de venta de casas cercanas en la ciudad de Brisbane, Austra-
lia. Si bien los compradores de casas estaban dispuestos a pagar una
prima por las casas en las calles con arboles maduros, su tolerancia
a las mezclas de especies se limitaba a no mas de seis especies
cercanas. La tolerancia también vario dentro de la ciudad con
mayor sensibilidad a las mezclas de especies en lugares de mayor
ventaja socioeconomica. Estos hallazgos sugieren que la comuni-
dad no aceptard automaticamente una mayor diversidad. Los
municipios deben ser cautelosos en su enfoque para aumentar la
diversidad de especies de arboles en escalas mas finas, como los
paisajes urbanos, dentro del bosque urbano.
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