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People’s perceptions of urban trees are
more negative after COVID-19 lockdowns

M| Check for updates

Marie C. Dade' <, Stephen J. Livesley' & Camilo Ordéfiez Barona'*®

The ways people think about urban nature affect how people engage with and support nature-based
solutions for climate change adaptation in cities. While geographical and socio-demographic
characteristics are known to influence people’s thoughts about urban nature, there is little knowledge
on how these perceptions can shift over time, especially in response to major events that disrupt the
human-nature relationship (such as hurricanes, wildfires, and pandemics). Considering urban trees are
a key nature-based solution in cities, this study explores the shift in people’s perceptions about urban
trees before and after the COVID-19 pandemic lockdowns. We also assessed how urban context and
socio-demographics influenced this shift. Using Melbourne, Australia, as a case study, we delivered
an online panel survey based on validated psychometrics about urban trees in summer 2020 (pre-
COVID-19 lockdowns) and again in summer 2023 (post-COVID-19 lockdowns). The survey helped us
explore temporal changes related to values and beliefs associated with urban forests and trees. Our
results showed a change in two perceptions, with a 2% decrease in the importance of urban trees for
nature (o = 0.02,r = 0.04) and a 4.3% increase in negative beliefs about trees (p < 0.01,r=0.08) in 2023,
compared to 2020. These shifts were greatest in outer urban areas. Furthermore, we observed that
most socio-demographic groups rated the importance of the natural values lower and rated negative
beliefs about urban trees higher in 2023, compared to 2020. While previous studies have found people
had a more positive connection to urban nature during COVID-19 lockdowns, our study highlights that
perceptions of urban trees may shift over time, which can lead to future changes in community support
and engagement with urban forest management.

Cities are increasingly investing in urban trees, as they provide a wide variety
of ecosystem services that improve the climate resilience, liveability and
sustainability of cities, such as urban cooling, stormwater retention and
habitat for biodiversity'~. For example, a rapidly growing number of cities
are introducing urban tree planting targets to improve climate resilience and
long-term urban sustainability"’. These investments often focus on both
planting new trees across the city, as well as maintaining and protecting
existing trees, over decades. Urban forest investments rely heavily on
community support to be successful. Though urban trees provide many
environmental services to humans regardless of how people think or feel
about them®, if urban forest managers do not account for the needs and
experiences of the community, these urban forest initiatives may decrease
other aesthetic, cultural and health wellbeing benefits’. Furthermore, peo-
ple’s decisions about trees, including what species to plant, and where and
how to plant them, influence urban ecosystem structures and functions, and

are guided by these needs and experiences™. Therefore, to support suc-
cessful, long-term urban forest management, it is crucial to understand and
account for how people think about urban trees, and how these perceptions
may shift over time.

A better understanding of how people’s perceptions relate to specific
ecological structures in their neighbourhood, such as trees, how these per-
ceptions change over time, and the reasons for these changes, is needed. By
perceptions, we mean how people cognitively process their experiences with
the urban natural environment, including urban trees'’. The cognitive model
is a useful way to describe perceptions in terms of abstraction, number, and
ease of change'""”. The model describes perceptions as (i) values, or what is
important to people; (ii) beliefs, or what people accept as true, such as
positive and negative consequences of something; and (iii) attitudes and
preferences, or people’s judgement or disposition towards things and how
much they like things'®'"'"*"*. Values and beliefs are regarded as more

'School of Agriculture, Food and Ecosystem Sciences, The University of Melbourne, Melbourne, VIC, Australia. 2Department of Geography, Geomatics, and
Environment, University of Toronto, Mississauga, ON, Canada. *Green Municipal Fund, Federation of Canadian Municipalities, Ottawa, ON, Canada.

e-mail: marie.dade@unimelb.edu.au

npj Urban Sustainability | (2025)5:42


http://crossmark.crossref.org/dialog/?doi=10.1038/s42949-025-00230-y&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s42949-025-00230-y&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s42949-025-00230-y&domain=pdf
mailto:marie.dade@unimelb.edu.au
www.nature.com/npjurbansustain

https://doi.org/10.1038/s42949-025-00230-y

Article

abstract cognitive constructs that are fewer in number. Values and beliefs
develop over long time periods and are not easily changed'"". Attitudes and
preferences are less abstract, influenced by values and beliefs and more
numerous and variable'*"”. Understanding community perceptions of urban
trees can help us better understand the decisions people make, including
their level of support for urban forestry”, the structures and functions of
urban forests they want or expect, such as their attitude towards the planting
and removal of trees'® and their preference for large or small trees'”".

Our understanding of people’s perceptions of urban trees and how they
shift over time is limited. While many studies have explored perceptions
towards place-specific natural environments, such as urban green spaces,
extrapolating these findings to specific elements of these environments, such
as trees, which are widespread and which can become abstract symbols of
nature, may be premature. Urban trees can be present in urban environments
not deemed green spaces, such as verges and parking lots, and therefore
people’s perception of urban green spaces may not accurately represent
perceptions towards urban trees in general. Furthermore, most research on
how people think about urban trees is based on a moment in time and the
socio-environmental and demographic influences upon these perceptions.
Nonetheless, a few insights can be learned from the perception of greenspace
studies. For example, perceptions of urban greenspace can change over time
due to changes in lifestyle, such as retirement or moving to a location that is
greener'””'. Changes in mental health or moving from a rural to an urban
context can also shift how a person perceives urban greenspace™. It is then
likely that perceptions of urban trees can shift over time. But extrapolating
findings for green spaces, to specific ecological elements found throughout
the urban landscape, as trees are, is premature. Also, it is often unclear
whether shifts in perceptions are temporary responses to disruptive events or
permanent. The social lockdowns in response to the COVID-19 pandemic”
are an example of disruptive events leading to a shift in perceptions of
greenspace. During these lockdowns, many people spent more time in local
green spaces to exercise, socialise and seek stress relief, and many people
developed more positive perceptions of these spaces™ . Whether these shifts
in perceptions persisted after COVID-19 disruptions ended is unknown.

Previous studies have found that people’s perceptions of urban trees are
influenced by urban context and socio-demographics, but our under-
standing of how these variables interact over time remains limited. Urban
context can influence perceptions due to different nature or tree experiences,
or the characteristics of the trees within different locations. For example,
Gwedla and Shackleton” and Conway et al.”’ found that perceptions of
urban trees varied among South African and Canadian cities, respectively,
and Su et al.” found that perceptions of urban trees change along the urban-
rural gradient in Toronto, Canada. Socio-demographic characteristics also
influence how people relate to and experience urban trees. For example, a
study in Melbourne, Australia, found that people who speak a language
other than English and were not born in Australia assigned a greater psy-
chological and environmental value to urban trees than other social
groups’'. Furthermore, several studies have found that during COVID-19
lockdowns, more positive perceptions of urban greenspace were associated
with certain socio-demographics and urban context™”. Therefore, while
urban context and socio-demographic variables could influence percep-
tions, our understanding of their combined influence and role in shifting
perceptions of urban trees over time is still premature.

Understanding how socio-demographics and urban contexts interact
with shifting perceptions of urban trees over time in response to disruptive
life events, such as COVID-19 lockdowns, will provide specific information
on perceptions of urban trees, rather than green spaces in general, that will
help maintain the relevance of urban forestry to local communities. If
perceptions of urban trees are changed long term, this suggests that people’s
support and preferences for urban tree programs may also change, affecting
the success of these programs. It is crucial for long-term urban forestry to
recognise and respond to any shifts or changes in community perceptions of
urban trees to ensure success.

In this study, we use cross-sectional survey data on people’s percep-
tions of urban trees to explore if perceptions across a population changed

long-term after COVID-19 lockdowns, compared to before, and how the
associations between perceptions and socio-demographic identity and
urban context also shifted over time. We used the Greater Melbourne Area
(GMA), Australia, as a case study due to the stringent COVID-19 lockdown
restrictions experienced within this region®’. We repeated the same survey
on perceptions of trees for the GMA: once in February 2020 (pre-COVID-
19 restrictions) and again in March 2023 (more than a year after COVID-19
restrictions ended). As this was a cross-sectional study that aimed at
exploring how perceptions shifted across the GMA in general, and not a
longitudinal study, individuals surveyed within the population for each
survey did differ. The perceptions we surveyed were values (a measure of
people’s environmental values that focuses on the reasons for valuing
concrete aspects of nature), and beliefs (the negative and positive social,
ecological, and environmental consequences of having trees in cities), as
values and beliefs are known to shape attitudes and preferences'. Socio-
demographic variables and knowledge of trees were also collected in the
survey. We conducted the survey across ten Local Governmental Areas
(LGAs) within the GMA that varied in distance from the city centre, to
capture inner, middle and outer urban areas (Fig. 1). We compared the
results from the two surveys to determine if there has been a significant
change in (a) how people perceive urban trees, and (b) if these changes in
perceptions were associated with socio-demographic identities or urban
context.

Results

Sample demographics

We received 1693 responses for the 2020 survey and 1646 responses for the
2023 survey. The demographics of respondents were similar to the general
GMA population, except that the number born in Australia, who had a
university degree or identified as female, was comparatively higher than the
GMA average (Table 1). Changes in social profiles between 2020 and 2023
did change, but the changes were similar across the inner, middle and outer
LGAs (see the Supplementary Material for further details).

General findings

In both 2020 and 2023, the survey respondents assigned a high level of
importance to values associated with urban trees. Of the four value themes,
the social value of urban trees was assigned the highest level of importance,
closely followed by the natural value, in both 2020 and 2023 (Table 2). There
was a higher agreement with positive beliefs than negative beliefs related to
urban trees in both 2020 and 2023 (Table 2). The survey respondents also
assigned low levels of personal knowledge on trees (Table 2).

Differences in perceptions by urban context

Results from Mann-Whitney U-tests, effect sizes (r) and visual violin plots
identified some significant comparable variations in values and beliefs
between 2020 and 2023 among the respondents. Among the values, there
was a significant decrease of 2% in the mean level of importance assigned to
natural values of urban trees from 2020 to 2023 from the survey respondents
across the GMA (p=0.024, r=0.04). When the respondent data were
grouped based on LGA type, this significant decrease in mean perceived
natural values was only observed in the outer LGAs (p =0.024, r=0.05),
where a decrease of 3% was observed (Fig. 2).

Among beliefs, there was a significant comparable increase in negative
beliefs about urban trees across the GMA (p < 0.001, r = 0.08), particularly
within the middle and outer LGAs where increases of 4.4% and 5%,
respectively, were observed in mean negative beliefs (Fig. 3). Self-reported
knowledge in trees decreased between 2020 and 2023, with this decrease
significant only in the inner (p = 0.01, r = 0.142) and outer LGAs (p < 0.001,
r=0.095). (Fig. 4).

Differences in perceptions within socio-demographic groups

We found that perceived values significantly changed between 2020 and
2023 within specific socio-demographic groups. People who rent, are
under the age of 40, do not have a university education and identify as
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Fig. 1| Location of the GMA and the ten LGAs that
were assessed in this study. The LGAs selected
consisted of one inner LGA, four middle LGAs, and
five outer LGAs. Satellite image sourced from Goo-
gle Satellite.

[ 1 Greater Melbourne

Area
.| Local Government Areas
(LGAs) surveyed
|- 'Inner LGA 3
I Middle LGA
Il Outer LGA

Table 1]|Social profile of the survey samples for 2020 (n = 1693)
and 2023 (n = 1646), and census data for the GMA

Table 2| Mean responses for the themes of values, beliefs, and
knowledge of trees

Characteristics Survey results Census
data®®
Counts % of total % of total
2020 2023 2020 2023
Owns home 931 965 55.0 58.6 66.8
Decade born: 2000s* 68 182 4.0 111 5.6
1990s 438 499 25.9 30.3 14.5
1980s 477 447 28.2 2741 16.2
1970s 260 250 15.4 15.2 13.4
1960s 210 141 12.4 8.6 12.0
1950s or earlier 236 118 13.9 7.2 20.2
Australia born 1202 1245 71.0 75.6 59.9
LOTE/ESL 390 365 23.0 22.2 37.7
Education: high 420 377 24.8 22.9 34.4
school
Diploma 364 260 215 15.8 12.4
University degree 894 990 52.8 60.1 42.7
Female 1118 1200 66.0 72.9 50.8

Percentages may not add up to 100% due to rounding or no responses (i.e. prefer not to respond
was selected).

LOTE/ESL Language other than English/English as a second language.

#Only included people over the age of 18.

female all experienced significant decreases in mean ratings for natural
values of urban trees between 2020 and 2023 (Table 3). Nearly all socio-
demographic groups experienced an increase in negative beliefs towards
urban trees between 2020 and 2023, with only people who own a home,
over the age of 40, and not identifying as female, not experiencing a
significant change (Table 4). We found that significant associations
between perceived values and socio-demographic groups remained
similar in 2020 and 2023, with a few exceptions (see supplementary
material). In 2020, home ownership was significantly associated with
lower levels of agreement for the natural value of urban trees (p = 0.01),
compared to not owning a home, but this association was not significant
in 2023. Among beliefs, speaking a language other than English was
only associated with higher negative beliefs in 2023 (p=0.01), and
not 2020.

Perception Themes 2020 2023
Mean Standard Mean Standard
deviation deviation
Values Cultural 3.68 0.95 3.65 0.94
Social 4.37 0.77 4.33 0.65
Identity 3.95 0.83 3.97 0.86
Natural 4.25 0.91 4.16 0.82
Beliefs Positive 3.66 0.72 3.60 0.69
Negative 2.42 0.73 2.53 0.81
Knowledge Knowledge 2.81 1.00 2.65 1.00
of trees

Measured from 1 (low importance/agreement) to 5 (high importance/agreement).

Discussion

Understanding how perceptions of urban trees change over time can
improve our knowledge on the relationships between people and urban
nature. Our results demonstrate that small shifts in the values and beliefs
that people associate with urban trees occurred over the three years con-
sidered in this study. These shifts also varied across urban context, and
socio-demographic identities.

The importance people assigned to the natural values of urban trees
decreased by 2%, and negative beliefs regarding urban trees increased by
4.3% between 2020 and 2023. These were the only two significant shifts
in values and beliefs, but the effect sizes were small, indicating a small
change. While small, the decrease in natural values and increase in
negative beliefs still suggests that residents now perceive trees more for
the disservices they provide, such as costs to manage, and damage and
mess they cause®. There may be many explanations for these shifts, and
we can speculate on some possible mechanisms. For instance, while
people likely found stress relief from urban nature during COVID-19
lockdowns, since restrictions have lifted, many people’s lives have
changed, which may have led to people assigning less importance to
nature. Indeed, since COVID-19 restrictions ended, Australia, like much
of the world, has experienced a cost-of-living crisis, which has increased
financial stress across the population™. This stress may be leading people
to be more concerned with the economic risks and costs associated with
urban trees, perhaps leading to an increase in negative beliefs about
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Fig. 2 | Comparative changes in value perceptions by urban context. Violin plots
showing the level of importance assigned to each value theme (A-D) by the survey
participants, aggregated by LGA context (inner, middle, outer), as well as the entire
study area (all LGAs), and showing statistical differences between the 2020 and 2023
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survey responses based on the Mann-Whitney U-test. The average (circle), inter-
quartile range (box), median (horizontal line), and overall data distribution is
shown. The asterisks indicate a significant p value for the independent
Mann-Whitney U-tests: *p < 0.05, **p < 0.01, ***p < 0.001.

A) Positive Beliefs

Scale of agreemenrt (1-5)

. L L
Inner Middie Outer
LGAonly LGAsonly LGAS only

All LGAs

Fig. 3 | Comparative changes in belief perceptions by urban context. Violin plots
showing the level of agreement assigned to positive beliefs (A) and negative beliefs
(B) regarding urban trees by the survey participants, aggregated by LGA context
(inner, middle, outer), as well as the entire study area (all LGAs), and showing
statistical differences between the 2020 and 2023 survey responses based on the

All LGAs

B) Negative Beliefs

*hkk

Inner
LGA only

Middle Outer
LGAs only LGAsS only

Mann-Whitney U-test. The average (circle), interquartile range (box), median
(horizontal line), and overall data distribution is shown. The asterisks indicate a
significant p value for the independent Mann-Whitney U-tests: *p < 0.05,

**p <0.01, ¥**p < 0.001.

nature”. Furthermore, previous studies have found that during times of
social disconnection, people can place more value on the aspects of
nature that provide active community connection, which could indicate
why people place less importance on the nature value of urban trees,
which is related to valuing trees for nature’s sake’”.

The decrease in natural values and increase in negative beliefs were
greatest within the outer LGAs. Urban context can play an important role in
how people perceive nature, but can also contribute to conflicts between
people and nature’’. People often move to outer suburbs due to increasing

property prices and cost-of-living within the inner suburbs™. With the cost-
of-living crisis, it is likely that lower socio-economic households have moved
to the outer suburbs post-COVID-19 lockdowns™. Additionally, our finding
that knowledge of trees has decreased significantly in the outer suburbs also
suggests that more households are moving to these outer suburbs due to
cost-of-living pressure rather than to increase exposure to nature. This
profile of people within the outer areas may perceive trees as a liability. This
raises a significant challenge for urban forest management in these areas
over time.
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Fig. 4 | Comparative changes in knowledge of trees
by urban context. Violin plots showing the personal
knowledge of trees assigned by the survey partici-
pants, aggregated by LGA context (inner, middle,
outer), as well as the entire study area (all LGAs), and
showing statistical differences between the 2020 and
2023 survey responses based on the Mann-Whitney
U-test. The average (circle), interquartile range
(box), median (horizontal line), and overall data
distribution is shown. The asterisks indicate a sig-
nificant p value for the independent Mann-Whitney '
U-tests: *p < 0.05, **p < 0.01, ***p < 0.001. All LGAS
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Table 3 | Change in mean ratings for urban tree values within social groups, indicating statistical significance for the

Mann-Whitney U-test, between 2020 and 2023

Social values mean
(standard error)

Cultural values mean
(standard error)

Natural values mean
(standard error)

Identity values mean
(standard error)

2020 2023 2020 2023 2020 2023 2020 2023

Own residence

Yes 3.63 (0.03) 3.59 (0.03) 4.35 (0.021) 4.33 (0.025) 3.95 (0.026) 3.98 (0.027) 4.21(0.03) 4.13(0.03)

No 3.75 (0.04) 3.73 (0.04) 4.38 (0.023) 4.34 (0.028) 3.94 (0.031) 3.95 (0.033) 4.30(0.03) 4.20 (0.035)
Rents residence

Yes 3.81(0.04) 3.75 (0.04) 4.42 (0.03) 4.36 (0.033) 3.99 (0.036) 3.99 (0.038) 4.37 (0.03)° 4.22 (0.04)

No 3.62 (0.03) 3.61(0.03) 4.34 (0.02) 4.32(0.023) 3.93 (0.024) 3.96 (0.025) 4.19 (0.03) 4.14 (0.03)
Aged over 40

Yes 3.68 (0.026) 3.61 (0.045) 4.36 (0.036) 4.32 (0.039) 4.01 (0.03) 4.02 (0.04) 4.28 (0.031) 4.19 (0.04)

No 3.68 (0.030) 3.67 (0.027) 4.37 (0.020) 4.34 (0.021) 3.90 (0.03) 3.95 (0.02) 4.23 (0.026) 4.15(0.03)
Born in Australia

Yes 3.59 (0.03) 3.58 (0.03) 4.32 (0.02) 4.29 (0.02) 3.86 (0.02)° 3.91 (0.03) 4.23 (0.023) 4.14 (0.026)

No 3.92 (0.04) 3.88 (0.04) 4.48 (0.03) 4.48 (0.03) 4.16 (0.04) 4.15 (0.04) 4.29 (0.037) 4.23(0.043)
LOTE/ESL

Yes 3.88 (0.05) 3.87 (0.05) 4.48 (0.03) 4.47 (0.04) 4.13 (0.04) 4.16 (0.04) 4.25 (0.0421) 4.13(0.048)

No 3.63 (0.03) 3.59 (0.03) 4.33 (0.02) 4.29 (0.02) 3.89 (0.02) 3.91(0.02) 4.25 (0.023) 4.17 (0.026)
University education

Yes 3.66 (0.031) 3.67 (0.029) 4.39 (0.020) 4.38(0.02) 3.96 (0.026) 4.01 (0.03) 4.24 (0.027) 4.20(0.03)

No 3.71(0.035)° 3.62 (0.037) 4.33(0.025) 4.26 (0.03) 3.94 (0.031) 3.90 (0.04) 4.26 (0.030) " 4.10 (0.04)
Gender (female)

Yes 3.75 (0.03) 3.69 (0.03) 4.44 (0.02) 4.39 (0.02) 3.99 (0.02) 3.99 (0.025) 4.33(0.02)" 4.20 (0.03)

No 3.55 (0.04) 3.54 (0.04) 4.22 (0.03) 4.19 (0.04) 3.87 (0.04) 3.91 (0.041) 4.09 (0.04) 4.07 (0.04)

Mean ratings are based on a 1-5 scale (with 5 indicating high importance).
Significant changes in values within social groups are in bold.

The asterisks indicate a significant p value for the independent Mann-Whitney U-tests: *p < 0.05, **p <0.01, ***p < 0.001.

The decrease in natural values observed between 2020 and 2023 was
also being driven by renters, people over the age of 40, people without a
university education, and people who identify as female. On the other hand,
the increase in negative beliefs about urban trees was being driven by nearly
every socio-demographic group, except homeowners, people aged over 40,
and people who didn’t identify as female. Furthermore, people with a
university-level education perceived a higher value of urban trees than those
without a university education in 2023, but not in 2020. This echoes studies
of urban greenspace use during COVID-19 lockdowns that found that
people with a university degree were more likely to visit these spaces reg-
ularly as compared to people without a degree™*’. These results all indicate
that shifts in perceptions of urban trees over time vary among socio-
demographic groups. Accounting for various socio-demographic groupsisa
way to understand the flexibility of perceptions about urban trees, as well as

their permanence over short or long terms. Furthermore, identifying which
socio-demographic groups are experiencing negative shifts in perceptions of
urban trees over time can allow for more targeted community engagement
to improve support for urban trees.

This study demonstrates that the COVID-19 lockdowns may have
caused shifts in people’s perceptions of urban trees. A study conducted in
Melbourne found that positive perceptions of urban greenspace increased
during COVID-19 lockdowns as compared to those held before. Studies
conducted in other cities have also documented more positive perceptions
of urban greenspace during COVID-19 restrictions™*. Our study suggests
that any positive shift in the perception of urban trees was temporary and
replaced by a small negative shift in urban tree perceptions in the two years
after COVID-19 lockdowns ended. However, when these previous studies
were implemented, the COVID-19 restrictions were still ongoing, and the
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Table 4 | Change in mean ratings for urban tree beliefs within
social groups, indicating statistical significance for the
Mann-Whitney U-test, between 2020 and 2023

Positive beliefs mean
(standard error)

Negative beliefs mean
(standard error)

2020 2023 2020 2023

Own residence

Yes 3.70 (0.02)" 3.60(0.02) 2.53(0.03) 2.57 (0.02)

No 3.61(0.03) 3.62(0.03) 2.29(0.03)" 2.46 (0.03)
Rents residence

Yes 3.66 (0.03) 3.66(0.03)  2.28(0.04) " 2.43 (0.03)

No 3.66 (0.02) 3.58(0.02) 2.49(0.02)" 2.57 (0.02)
Aged over 40

Yes 3.76 (0.03) 3.71(0.04) 2.58(0.03) 2.65 (0.03)

No 3.59 (0.02) 3.56(0.02) 2.31(0.03)" 2.47 (0.02)
Born in Australia

Yes 3.61(0.02) 3.56(0.02)  2.40(0.02)" 2.51(0.02)

No 3.79 (0.03) 3.75(0.03)  2.46 (0.03)" 2.57 (0.04)
LOTE/ESL

Yes 3.72(0.03) 3.67(0.04)  2.44(0.05)" 2.61 (0.04)

No 3.64 (0.02) 3.59(0.02) 2.41(0.02 2.50 (0.02)
University education

Yes 3.69 (0.02) 3.64(0.02) 2.35(0.03)" 2.49 (0.02)

No 3.62 (0.03) 3.55(0.03)  2.50(0.03)" 2.59 (0.03)
Gender (female)

Yes 3.67 (0.02)' 3.58 (0.02) 2.36(0.02) " 2.51(0.02)

No 3.64 (0.03) 3.67(0.03) 2.54(0.03) 2.57 (0.03)

Mean ratings are based on a 1-5 scale (with 5 indicating high agreement).

Significant changes in values within social groups are in bold.

The asterisks indicate a significant p value for the independent Mann-Whitney U-tests: *p < 0.05,
**p <0.01, ***p < 0.001.

cause and effect were likely conflated, as people were asked if COVID-19
made them visit green spaces more. In our study, the cause and effect were
confounded and assumed, with perceptions about urban trees becoming
more negative in the years after the COVID-19 restrictions had lifted, as
compared to before restrictions were introduced. Furthermore, values and
beliefs are not easily changed'"", so the results observed in this study, where
only some value dimensions and negative beliefs changed after COVID-19
restrictions ended, is reasonable. However, we recognise that we cannot
determine that this shift was solely caused by COVID-19 lockdowns, as our
study was not designed as a controlled experiment. Society disruptions are a
continuous feature of modern urban life, with the cost-of-living crisis that
followed the COVID-19 lockdowns also likely to have influenced the
changes in perceptions observed™.

Our 2020 and 2023 survey samples both had higher proportions of
Australian-born, university-educated and female participants compared to
the census data for the GMA. These observed disparities are common in
urban nature surveys””. To address this challenge, future studies could
explore statistical adjustments, such as weighting and selecting sub-samples
of data, to increase similarity between the survey sample and census data.
Moreover, as this was a cross-sectional study, we did not survey the same
people in 2020 and 2023, although we did survey samples from the same
LGAs for both years. Therefore, our study captures changes in community
perceptions overall, but not how changes in the perceptions of individual
people changed over time. Longitudinal studies could shed further light on
individual shifts in perceptions of urban trees and allow for further
exploration of the causal mechanisms that are underpinning temporal shifts
in perceptions, as well as untangle the degree of influence that urban context
and socio-demographic variables each have on shifting perception and

whether these two factors are interacting with one another. Integrating
economic data and personal wellbeing data for survey respondents when
analysing the survey data will also enable further exploration of the impact of
the cost-of-living crisis on perceptions of urban trees that we
hypothesise here.

Even a small increase in negative perceptions of urban trees could
impact community support and engagement for urban forestry, a key aspect
of climate adaptation. Increases in negative perceptions could lead to a lack
of support for tree management, leading to vandalism and public opposition
to tree planting’. As a single urban tree can cost US $748 in management and
provide US $886 in benefits over 20 years", and many cities aim to increase
the number of urban trees by thousands, if not millions, even small changes
in perceptions could have a significant impact on urban tree management.
Knowing where more negative perceptions are occurring can also help focus
urban tree management. For example, an urban forest management plan
implemented in an outer LGA of Melbourne that aimed to increase the
number of street trees may have garnered majority support from the local
community before COVID-19 restrictions or cost-of-living pressures, but
community support may have waned over the past few years. To account for
these shifts in perceptions of urban trees over time, it is important that urban
forestry builds strong relationships with community groups, and that
adaptive management is integrated into activities such as tree planting, tree
maintenance and monitoring, and that community consultation is con-
sistent over time***. Potential actions include tailoring community outreach
to emphasise the benefits of urban trees in geographical areas with
increasing negative perceptions towards urban trees, or to target socio-
demographic groups with increasing negative perceptions.

Overall, our results, using the GMA as a case study, suggest that
changing social and economic situations could lead to changing perceptions
of urban trees across urban landscapes globally. These temporal shifts in
perceptions of urban nature can influence the success of nature-based
solution investments in cities. For example, increasing negative perceptions
of urban trees over time could lead to increasing conflicts between com-
munities and urban trees and reduce the ability of local councils to imple-
ment nature-based solutions focused on urban trees. Any understanding of
community perceptions must be complemented with enhanced community
engagement. Engaging local urban communities is a key aspect for deli-
vering nature-based solutions in cities and ensuring not only that these
solutions are supported by the community, but also that the community is
part of the decision-making and delivery.

Methods

Study area

The GMA is located in southeast Victoria, Australia (Fig. 1). The GMA is a
defined metropolitan area with a population of 5.2 million people®. Cul-
turally, the GMA contains a diverse population, with 40% of residents not
born in Australia, which is 10% higher than the national average". English is
the primary language within the region, with 61.1% of the population pri-
marily speaking English*”. The GMA has a warm summer temperate climate
with no dry season (Koppen climate classification Cfb). The western side of
the GMA is located within the South Volcanic Plain Bioregion, while the
east is located within the Southeast Coastal Plain*’.

During the COVID-19 pandemic, residents within the GMA experi-
enced strict lockdowns. Between 7 July and 15 September 2020, all residents
of the GMA experienced stay-at-home orders of varying intensities to slow
the spread of COVID-19". During this period, the GMA residents experi-
enced 6 weeks of the most stringent COVID-19 stay at home orders in the
world, with residents required to adhere to a night curfew, to remain at
home except for permitted reasons (such as essential shopping, 1 hour of
exercise, medical care and essential work), only travel within 5 km of their
residence and maintain a social distance of 1.5 m from others™. A further
four shorter lockdowns were introduced in 2021, with the GMA experi-
encing a total of 263 cumulative days under stay-at-home orders between
July 2020 and October 20217, A study by Astell-Burt and Feng* found that
GMA residents had more positive perceptions of urban greenspace during
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this period, and Li et al.” found that exposure to greenspace during COVID-
19 lockdowns in Melbourne improved mental wellbeing. The strictness and
duration of the COVID-19 restrictions experienced in the GMA, combined
with the evidence of increased positive perceptions of urban greenspace
during this time, make this region an ideal case study to explore if changes in
people’slives can lead to persistent long-term changes in their perceptions of
urban trees.

The GMA is composed of 31 LGAs. These LGAs vary in urban density
and distance to the urban centre, and thus can be used to capture a gradient
of inner to outer urban zones. For this study we selected 10 LGAs to conduct
our study within (Fig. 1). As each LGA has its own urban forest management
plan, which can include different tree species and management, limiting the
LGAs assessed allowed us to better control for the range of urban tree
management present, while still capturing the inner, middle and outer
urban zones of the GMA.

Survey design and sampling strategy

This study was part of a larger research effort to collect long term empirical
data on people’s perceptions of urban nature, with a focus on urban forests. To
do this, we have designed a survey on perceptions of urban trees (details
below). The first survey was delivered from January to March 2020 (before
COVID-19 was declared a pandemic by the World Health Organisation on
March 11, 2020°). We delivered the same survey again in March to April 2023
(approximately 1.5 years after the last stay-at-home order in the GMA was
lifted on October 21,2021%). The survey and both deliveries of the survey were
approved by the Research Ethics Board of the University of Melbourne
(Reference numbers 1750822.1 and 2023-25875-37924-4).

The survey utilises a systematic random sampling approach that ensures
both geographic and demographic representativeness. To ensure geographic
representativeness, ten LGAs within the GMA were selected to deliver the
surveys, within represented inner, middle and outer urban zones. The chosen
LGAs consisted of one inner high-density LGA (City of Melbourne), four
middle suburban LGAs (Monash, Boroondara, Merri-Bek, Brimbank) and
five outer peri-urban LGAs (Melton, Hume, Whittlesea, Casey, Cardinia)
(Fig. 1). A target of 2000 responses was set for each survey, with specific
response targets set for each LGA, based on their population size (see sup-
plementary material for LGA-specific response targets). Demographic
representativeness was achieved by sourcing responses from people
representing diverse demographic profiles. We delivered both surveys as
web-based self-administered surveys, which allowed parameters to be set
that ensure demographic representativeness. We used a panel survey
company (PureProfile) to deliver both surveys, as the panel company had
access to over 1 million panellists. The survey participants self-selected
for the survey and were compensated financially by the panel company,
with the compensation amount reflecting the estimated 10 min required
to complete the survey. All participants were 18 years or older and
provided written consent by checking a box indicating their agreement to
participate in the survey.

Survey content

The survey contained questions designed to measure people’s values and
beliefs. The measures were based on existing and validated multi-
dimensional scales.

We measured values by adapting the Valued Attributes of Landscape
Scale (VALS) developed by Kendal et al.”’. The VALS is a psychometric
measure of people’s environmental values that focuses on the reasons for
valuing concrete aspects of nature, such as a particular natural element (e.g.
everyday trees in your suburb) rather than more abstract notions of nature
(e.g. nature in general). We used an adapted VALS multi-dimensional scale
that contained 16 items. Each item was rated on a 5-point scale of impor-
tance. The items were grouped into four value themes that people can
attribute to urban trees: cultural, social, identity and natural (see the sup-
plementary material for the full list of items).

We measured beliefs using the adapted lists of the negative and positive
aspects of urban trees by Kendal et al.". This resulted in a multi-dimensional

scale of 26 items, 13 items measuring positive beliefs and 13 items measuring
negative beliefs, all related to the social, ecological, and environmental
consequences of having trees in cities. Each item was rated by the degree of
agreement on a 5-point scale (see the supplementary material for the full list
of items).

We also accounted for knowledge of trees by using a 4-item scale that
measures knowledge in common trees species, and planting and caring for
trees'*. Each item was rated on a 5-point knowledge scale.

Finally, we collected socio-demographic data for each survey partici-
pant. Data collected included housing situation (rent or own home), edu-
cation level attained, cultural diversity (language spoken at home; country
born in), age (decade born), gender and the LGA of residence. Data collected
for age was used to calculate the median age based on the decade of birth and
the year of data collection.

Full survey content is provided in the supplementary material.

Data analysis

We analysed the 2020 and 2023 survey data in the same way. The data were
first cleaned to remove blank rows. For the multi-dimensional scales (values,
beliefs and knowledge in trees), we conducted factor analyses to create easier
to manipulate variables, here called themes (see Table 2 for results). Full
details of the factor analysis can be found in Ordéfiez et al.”.

We used mean analyses to determine if values, beliefs and knowl-
edge in trees had changed between the 2020 survey (pre-COVID-19
lockdowns) and the 2023 survey (post-COVID-19 lockdowns), using the
approach applied by Su et al.”” and Conway et al.”. All measures, for both
2020 and 2023, tested positive for non-normality (p < 0.05) using the
Shapiro-Wilk test. We used Mann-Whitney U to test for significant
differences between 2020 and 2023 for the complete datasets, and then
sub-datasets based on the urban context (inner, middle or outer LGA).
We used violin plots to visually compare the distribution of data between
the two years.

We also used mean analyses to study changes in values, beliefs and
knowledge in trees between 2020 and 2023 within socio-demographic
groups, and between socio-demographic groups, as demonstrated in Su
etal.”’. We converted the socio-demographic data into binary measures, for
example, “Age” was converted to “Aged over 40” (yes/no). We then con-
ducted Mann-Whitney U-tests for the 2020 and 2023 survey data, com-
paring the mean ratings of values, beliefs and knowledge in trees for each
binary socio-demographic variable. The p values from the tests were used to
determine if there were statistically significant differences among socio-
demographic responses for each year.

We used R v.4.3.1 to perform all statistical analysis’'.

Data availability

The data that support the findings of this study are available, but restrictions
apply to protect the privacy of survey participants and so are not publicly
available. The data is available from the authors upon reasonable request
and with the permission of the University of Melbourne's Human Ethics
Committee.
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