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Abstract: Residents’ perceptions on ecosystem services (ESs) provided by urban green spaces (UGSs)
are vital for developing sustainable cities. However, there has been limited research on this issue in
Malaysia. The aim of this paper is to assess Malaysians’ perceptions on ESs provided UGSs and how
their perceptions are influenced by different socio-demographic factors. We used a structured online
questionnaire and obtained 645 responses on 16 ESs from regulatory, cultural, and supporting ES
categories. Descriptive statistics and binary logistic regressions were used for data analysis. In general,
city dwellers have high positive perceptions on ESs provided by UGSs. Their perceptions for global
climate regulation, noise buffering, pest regulation, spiritual, and research and education services
would likely to significantly increase as they grow older. Households with moderate income have
significantly greater perceptions of microclimate regulation, air filtration and aesthetic services.
Having non-tertiary level education would significantly lower their perceptions of global climate and
microclimate regulation, spiritual, aesthetics, and recreational services. Tertiary educated residents
with non-environmental degrees also showed similar associations. Infrequent visits to UGSs would
likely to significantly reduce the perception of global climate regulation, noise buffering, runoff
reduction, erosion control, spiritual, and aesthetics services. People living far (>5km) from the UGSs
also have significantly lower perceptions of microclimate regulation, air filtration services.
Suggestions are made to incorporate ESs related content in pre-university curriculum and establishing
small parks in neighborhoods to improve knowledge and uses of UGSs. These findings would assist
urban planners designing environmentally sound urban policies and thereby improving human
wellbeing in the cities.

Keywords: cities; urban residents; human perception; ecosystem services; nature-based solutions.

1. Introduction

Urbanization is one of the most important global development processes in the twenty-first
century (Arnold et al., 2018). More than half of the global population currently live in towns and cities,
and by 2050 this number is projected to increase to around 70% (United Nations, 2017). With the
accelerating rate of urbanization and the increasing complexity of urban life, urban green spaces (UGSs)
are increasingly important in contributing to the quality of the environment and urban life (Aziz et al.,
2011), creating socially and environmentally sustainable cities. UGSs are public and private open spaces
covered by vegetation of any kind in urban areas including parks, gardens, playgrounds, urban forests,
grasslands, woodlands and wetlands, backyards, private orchards, green roofs, corporate campuses,
and communal areas of apartment buildings (James et al., 2009; Siddique et al., 2020; Wolch et al., 2014).

UGSs provide critical ecosystem services (ESs) to the urban population by regulating urban
temperatures, reducing noise pollution, mitigating urban heat island (UHI) effects, and improving air
quality (Chen et al., 2020), and alleviating the negative effects caused by urbanization (Bodnaruk et al.,
2017). Furthermore, UGSs help mitigate climate change through greenhouse gas absorption, carbon
storage and sequestration by urban vegetation, and decreases the risk of flooding by intercepting and
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storing precipitation (Armson et al., 2013; Zhang et al., 2015). UGSs also serve as an important habitat
for wildlife which helps the conservation of biodiversity (Armson et al., 2013; Zhang et al., 2015).
Meanwhile, UGSs also bring economic benefits, including energy conservation (Syafiqah et al., 2014),
increasing value to the surrounding property (Luttik, 2000; Morancho, 2003), boosting retail sales by
creating a favorable image of a commercial or residential area (Wolf, 2003), and even promoting tourism
in the region (Arvanitidis et al., 2009).

UGSs are widely considered to be a great amenity for health (Jennings et al., 2016) as they can
enhance the health and well-being of the urban population by improving physical fitness, relieving
stress, alleviating depression, and anxiety levels (Aziz et al., 2018; Mansor & Harun, 2014; Mao et al.,
2020; Nath et al., 2018; Paul et al., 2020). UGSs also provide a place to socialize and relax, promoting
higher levels of social interaction and potentially stronger relationships within the neighborhood
(Mansor et al., 2012; Mao et al., 2020; Rasidi et al., 2012). Overall, UGSs serve as an important indicator
of the quality of life in an urban area (Sen & Guchhait, 2021) and well-distributed UGSs can improve
the quality of environment and life in urban areas (Aziz et al., 2011). Besides, it can be claimed that
good quality UGSs deliver an interacting set of environmental, social, and economic benefits. Thus,
UGSs are crucial component of urban environment (Arvanitidis et al., 2009) and help to achieve a
number of sustainable development goals (Wey et al., 2022).

In a country with rapid urbanization and industrialization like Malaysia, UGSs are key to
maintaining a good quality urban life and environment by providing various ESs. The focus of
greenspace discourse in Malaysia has shifted from beautification-dominated to recognizing UGSs as an
essential part of urban infrastructure (Aziz et al., 2011). Research on UGSs in Malaysia is mostly focused
on management (Aziz et al., 2011; Fatiah et al., 2021; Maryanti et al., 2017; Rasidi et al., 2012; Sreetheran
& Adnan, 2007) as well as human health and well-being outcomes (Andrew et al., 2020; Aziz et al., 2012;
Foo, 2016; Mansor & Harun, 2014, 2018; Nath et al., 2018), while some concentrated on the uses of UGSs
(Aziz et al.,, 2018; Malek et al., 2015) and ESs provided by UGSs such as biodiversity conservation
(Karuppannan et al., 2014; Ridzuan et al., 2021) and reducing land surface temperature (Sheikhi et al.,
2015). However, most studies mentioned above only focused on specific study sites. We assume that to
provide more common information on UGSs and ensure the sustainability of ESs supply, it is important
to integrate residents’ perceptions of ESs provided by UGSs into regional sustainable urban
management in Malaysia.

Residents” perceptions of the ESs could influence their behavior towards natural environmental
protection (Zhang et al., 2019). Peoples’ perceptions, their knowledge, attitude, and support provide
essential input for policymakers towards making evidence-based decisions in the management and
sustainable conservation of urban green spaces (Bakhtiari et al., 2014; Gashu et al., 2020; Macura et al.,
2011; Ostoic¢ et al., 2017; Paletto et al., 2013). Having said the above, this cross-sectional study aims: 1)
To assess Malaysian urban residents’ positive perception on ESs provided by UGSs; and 2) To
understand the factors affecting urban residents’ perception on ESs of UGSs. The findings of this study
would greatly contribute to the understanding the local perception of various ESs provided by the
UGSs, and the factors influencing the perception in urban areas of Malaysia. The city authorities and
policy makers would take strategic actions for the protection and expansion of UGSs, while ensuring
well-being of city dwellers. This would eventually support the government to achieve several
sustainable development goals including SDG 3 (Good health and wellbeing), SDG 11 (Sustainable
cities and communities), SDG 13 (Climate change mitigation) and SDG15 (Life on land).

2. Methodology

2.1. Study design and data collection

A cross-sectional design was applied to examine the urban residents” perception of ESs provided
by UGSs among Malaysian aged 18 years and above. A structured questionnaire was developed based
on literature reviews for quantitative data collection. This study selected 16 ESs namely regulating ESs:
global climate regulation (GCR) (Strohbach & Haase, 2012; Pataki et al., 2006), microclimate regulation
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(MR) (Xie et al., 2013; Gill et al., 2007), air filtration (AF) Grote et al., 2016; Jim & Chen, 2008; Nowak et
al., 2006), water cycle regulation (WCR) (Armson et al., 2013), runoff reduction (RR) (Armson et al.,
2013; Zhang et al.,, 2015), noise buffering (NB) (Aylor, 1972; Kragh, 1981), pests regulation (PR)
(Costanza et al., 1997), erosion control (EC) (Costanza et al., 1997), and biodiversity conservation (BC)
(Aronson et al., 2017; Fuller et al., 2007; Karuppannan et al., 2014); cultural ESs: spiritual values (SV)
(Baur, 2018), aesthetic values (AV) (Gunnarsson et al., 2017), outdoor recreation (ON) (Costanza et al.,
1997), ecotourism (EM) (Costanza et al., 1997) as well as education and research (ER) (Kibria et al. 2017);
and supporting ES: habitat provision for wildlife (HW) (Blair, 1996; Blair & Launer Alan, 1997)
(Supplementary Table 1).

The structured questionnaire consisted of three sections: (1) the socio-demographic information
(2) the characteristic of UGSs, and (3) the residents’ positive perception on ESs provided by UGSs
(Supplementary Table 2). The target population of this study were Malaysian nationals living in the
country where the inclusion criteria were residents aged 18 years and above and living in urban areas
during the study period. The Google Form link was made available through various online platforms,
such as WhatsApp, Messenger, Facebook, Instagram, and Telegram. Participants were encouraged to
share the link with their relatives and friends thus to achieve a snowball sample. Ethics approval was
obtained from the [will provide the name later] Research Ethics Committee (Application Identification
Number: THY191121 dated 19 November 2021). Participation was anonymous and voluntary, and
respondents were informed that at any point, they had the option to withdraw from the survey. Prior
to beginning the questionnaire, informed consent was obtained electronically via the form. The survey
was conducted from 1st December 2021 to 15th February 2022 and 645 responses were obtained. This
sample size was assumed to be sufficient to generalize the findings of this study as it satisfied at a 95%
confidence level with a +5% margin of error (Israel, 1992; Krejcie & Morgan, 1970).

This study examined one major outcome measure which was urban residents’ perceptions of each
ESs provided by UGSs (response variable) using gender, age, educational level, occupation, monthly
household income, duration of stay in current residence, distance to UGSs and frequency of visits to
UGSs (explanatory variables).

2.2. Econometric model

Descriptive statistics were produced to find the average values of the responses. A Binary logistic
regression modeling was performed to determine the relationship between a set of independent
variables and binary dependent variables. The logistic regression was run based on three assumptions:
first, the dependent variable in logistic regression must be binary and ordinal data; second, a linear
relationship between independent and dependent variables is not required for logistic regression; third,
homoscedasticity and a normally distributed residuals are not required. The strength of association was
measured using odds ratio (OR) with a 95% confidence interval and regarded statistically significant at
p<0.05.

The dependent variable - urban residents’ perception on each ESs provided by UGSs were gauged
where participants indicated the extent to which they agree that UGSs provide them with the ESs on a
5-point Likert scale (1= strongly disagree, 2= disagree, 3= neutral, 4= agree, 5= strongly agree). The
responses were collapsed into a binary scale (0/no= low perception with Likert scale value 1-3, 1/yes=
high perception with Likert scale value 4-5) (Hafner et al. 2019). Answers of ‘neutral’ were grouped into
the “0/no” category to ensure a balanced dataset. Likelihood-ratio-chi-squared test was used to check
model fitness and all models had high level of significance values. The present model was better than
the null model with p< 0.05. Likelihood-ratio-chi-squared values suggested that the fitted model
outperformed the null model. All statistical analyses were done with R. The logistic probability
function, which has the following forms:

eBot BiXi
Pi(X) = T —mrmm [1]

Here where Xi is a vector of explanatory variables and is a vector of unknown parameters.
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Now, as X; is binary, the estimation form of logistic transformation of the probability of residents’
perceptions on the ESs supply by the UGSs can be expressed as:

M) = B A B X A eeeerereeenieeenineeennens
n(;5785) = Bo + BuXi + + BuXy 2]
Here %1()1) is the odds of X; =1 and %0()0) is the odds of X; = 0. The ration of the odds of X; =

1 and X; = 0 is called the odds ratio which describes the odds that a consequence will happen (e. g.
the probability of perception on ESs supplied by the UGSs) given a special exhibition X; = 1 related to
the odds of the consequence happening in the absence X; = 0 of that exposure. Thus, the odds ratio
estimation is done as:

Odds ratio = eFi [3]
3. Results

3.1. Socio-demographic characteristics of respondents

The majority of respondents (70.2%) were female and in the younger age bracket (18 to 30 years)
(70.9%). They also had a solid education, holding university degrees (78.1%). Students made up 59.1%
of the respondents, just over half of the total. The respondents came primarily (57.8%) from middle
class families in terms of their income status (B40). Most respondents (69.4%) had lived in their current
residential area for more than five years and (64.2%) were located within one kilometer of their nearest
UGSs. The UGSs were occasionally visited by 59.7% of respondents (Table 1).

Table 1. Socio-demographic features of the respondents.

Variables Frequency (N= 645) Percentage of responses
Gender
Male 192 29.8
Female 453 70.2
Age
18-30 years 457 70.9
31-5 years 129 20.0
46 and above 59 9.1
Educational level
University (Environmental) 104 16.1
University (Non-environmental) 401 62.2
Others 140 21.7
Occupation
Environmental sector 35 54
Non-environmental sector 177 27.4
Student 381 59.1
Others (Retired person, 52 8.1

homemaker, and unemployed)

Household income
B40 (Up to RM5,000) 373 57.8
M40 (RM5,001- RM10,000) 158 24.5
T20 (RM10,001 and above) 114 17.7
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Duration of stay in current residence

Less than 5 years 197 30.6

More than 5 years 448 69.4
Distance to the nearest UGSs

Up to 1km 414 64.2

1 to 5km 121 18.8

More than 5km 110 17.0
Frequency of visits to UGSs

Few days a week 137 21.2

Once a week 123 19.1

Occasional 385 59.7

Note: 1 US$= RM 4.3; B40 means bottom 40% of Malaysian population; M40 means middle 40% of Malaysian
population and T20 means top 20% of Malaysian population based on income level.

3.2. Quality and usage of UGSs

Malaysia's UGSs were generally of a decent grade. The majority of inhabitants said that the UGSs
closest to their homes featured well-maintained shade trees, gardens, playgrounds, benches, and well-
organized networks of walking and cycling lanes (58.9%). The locations were clean (59.2%), secure
(57.7%), and beautiful (60.2%) (Table 2). However, respondents also mentioned that the UGSs closest
to their homes did not receive routine maintenance (52.6%) and lacked parking (54%).

Table 2. Respondents’ opinion on quality of UGSs in Malaysia.

Features Yes No
Frequency Percentage of Frequency Percentage  of
(N=645) respondents (N= 645) respondents
Periodical 306 47.4 339 52.6
maintenance
Diverse and well- 413 64.1 232 35.9
organized landscape
Well-designed paths 380 58.9 265 41.1
Cleanliness 382 59.2 263 40.8
Safety 372 57.7 273 42.3
Aesthetically pleasant 388 60.2 257 39.8
Sufficient parking 297 46.1 348 53.9
space

The UGSs were used primarily for walking (73.3%) followed by enjoying nature and fresh air
(70.4%), relaxing (67.6%), experiencing peace and calmness (45.9%), boosting mood (40.3%), socializing
(13.2%), playing space for kids (13%), and reading books (3.6%) (Figure 1).
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Figure 1. Usage composition of UGSs by the urban residents of Malaysia.

3.3. Respondents’ perception on ESs provided by UGSs

On an average, 91% respondents showed high positive perception on UGSs for supplying ESs
which is significantly higher (p=0.000) than the lower perception of the residents (Figure 2a). Aesthetic
values were viewed as the ES provided by the UGSs by the greatest percentage of respondents (96.43%)
followed by outdoor recreation (95.96%), air filtration (94.26%), microclimate regulation (93.33%),
spiritual values (92.24%), biodiversity conservation (92.24%), global climate regulation (91.62%), and
water cycle regulation (90.85%) (Figure 2b).
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3.4. Factors associated with the urban residents’ positive perception on ESs of UGSs

3.4.1. Regulating ESs

Respondents with 30-45 years of age perceived the UGSs to offer GCR and NB services with higher
odds (odds ratio of GCR: 2.06, p= 0.02 and NB:1.86, p= 0.04) than those aged <30 years. Compared to
younger respondents (18-30 years old), older respondents aged “31-45 years” had significantly higher
odds of perceiving the UGSs to offer GCR service (odds ratio 2.06). The oldest group (>46 years) had
significantly greater odds of perceiving UGSs to provide GCR (odds ratio= 3.08, p= 0.01), MR (odds
ratio=2.96, p= 0.02), NB (odds ratio=3.69, p= 0.002), PR (odds ratio=2.08, p= 0.05), and BC (odds ratio=
2.38, p= 0.04). Growing older than 30 would therefore probably result in a two- to threefold rise in
awareness level (Table 3).

Respondents with tertiary education in non-environmental disciplines had 52% lower odds (odds
ratio= 0.48, p= 0.01) of perceiving UGSs to provide MR service, whereas respondents who obtained a
secondary or pre-university education had 60% and 69% lower odds of perceiving UGSs providing
GCR (odds ratio= 0.4, p= 0.002) MR services (odds ratio= 0.31, p= 0.001) compared to respondents who
obtained a tertiary degree in the environmental discipline. Respondents with occupations in non-
environmental sectors had significantly lower odds of perceiving the UGSs to provide WCR services
(odds ratio 0.25, p=0.02). Students had significantly lower odds of perceiving the UGSs to supply WCR
(odds ratio= 0.28, p= 0.03), RR (odds ratio= 0.3, p= 0.01), NB (odds ratio= 0.37, p= 0.05) and EC (odds
ratio= 0.36, p= 0.05) services than the employees in environmental sectors. Those who were
homemakers, unemployed and retired had significantly lower odds of perceiving UGSs to provide
WCR (odds ratio= 0.18, p= 0.007) and NB (odds ratio= 0.31, p= 0.04) services than the employees in
environmental organizations (Table 3).

In comparison to the B40 income group, respondents with higher income level (M40) had
significantly greater odds of perceiving the UGSs to provide MR services (odds ratio= 1.55, p= 0.05).
The M40 and T20 income groups had significantly higher odds of perceiving the UGSs to deliver AR
(odds ratio= 1.62, p= 0.05) and EC (odds ratio= 1.57, p= 0.05) services than the B40 income group,
respectively. Respondents who resided more than 5km away from had 42% lower odds of perceiving
MR (odds ratio 0.58, p=0.02) and 39% lower odds of perceiving RR (odds ratio= 0.61, p= 0.05) services
than those who lived closer (<1km) to UGSs. Respondents who visited UGSs once a week had a lower
odds of perceiving GCR (odds ratio= 0.49, p= 0.01)and EC (odds ratio= 0.57, p= 0.05) services while
respondents who visited UGSs only occasionally were associated with lower odds of perception that
UGSs provide GCR (odds ratio= 0.58, p= 0.03), RR (odds ratio= 0.61, p= 0.02), NB (odds ratio= 0.6, p=
0.03), and EC (odds ratio= 0.56, p= 0.01) services than those who visited UGSs several days per week
(Table 3).
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Table 3. Logistic regression on urban residents” perception on regulating services provided by UGSs in Malaysia.

Odds ratio (95% CI)
Global Microclimate  Air filtration Water cycle Runoff Noise Pest Erosion Biodiversity
Independent Variables climate regulation (AF) regulation reduction buffering regulation control (EC)  conservation
regulation (MR) (WCR) (RR) (NB) (PR) (BC)
(GCR)
Gender
Male (Ref.) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Female 1.07  (0.73- 0.86 (0.58- 127 (0.83- 095 (0.65- 125 (0.87- 094 (0.65- 1.17 (0.82- 1.01 0.7- 115  (0.79-
1.56) 1.26) 1.93) 1.37) 1.8) 1.35) 1.67) 1.46) 1.67)
Age
18-30 years (Ref.) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
31-45 years 2.06 (1.1- 143 (0.76- 142 (0.71- 136 (0.74- 104 (057- 186 (1.02- 119 (0.66- 1.02 (0.56- 138 (0.75-
3.86)* 2.66) 2.84) 2.49) 1.89) 3.38)* 2.12) 1.87) 2.53)
46 and above 3.08 (1.29- 296(1.2-7.33)* 172 (0.65- 156 (0.71- 152 (0.69- 3.69 (1.57- 2.08(1-4.35* 113 (0.51- 238  (1.02-
7.36)** 4.51) 3.46) 3.32) 8.67)** 2.53) 5.55)*
Education level
University 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
(Environmental) (Ref.)
University (Non- 0.77  (0.45- 0.48 (0.27- 107 (0.61- 0.67 (04- 073 (045- 076 (046- 1.09 (0.68- 0.79 (0.48- 085 (0.51-
environmental) 1.3) 0.85)* 1.9) 1.12) 1.2) 1.24) 1.75) 1.3) 1.41)
Others 040 (0.22- 031 (0.17- 086 (0.45- 063 (0.35- 0.71 (04- 0.68 (0.39- 113 (0.66- 0.7(0.4-1.24) 0.61  (0.34-
0.73)** 0.58)*** 1.65) 1.13) 1.24) 1.2) 1.95) 1.08)
Occupation
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Environmental  sector
(Ref.)

Non-environmental
sector

Student

Others

Monthly household income
B40 (Up to RM5,000)

(Ref.)

M40 (RM5,001-
RM10,000)

T20 (RM10,001 and
above)

1.00

0.57
1.55)
0.67
1.83)
04  (0.13-
1.25)

(0.21-

(0.24-

1.00

11 (0.72-
1.68)
0.9
1.63)

(0.61-

Duration of stay in current residence

Less than 5 years (Ref.)
More than 5 years

Distance to the nearest UGSs
Up to 1km (Ref.)
1-5 km

More than 5km

Frequency of visits to UGSs

1.00
0.95
1.4)

(0.65-

1.00
0.87
1.37)
0.67
1.06)

(0.55-

(0.42-

1.00

0.79
2.17)
0.7 (0.25-1.94)

(0.29-

0.42
1.31)

(0.13-

1.00

1.55
2.39)*
1.39

(1.01-

(0.84-
2.29)

1.00
0.89 (0.6-1.31)

1.00
091  (0.58-
1.44)

058  (0.36-
0.93)*

1.00

0.55
1.64)
0.69
2.08)
0.69
2.47)

1.00

1.62
2.69)*
1.1
1.91)

1.00
0.9
1.52)

1.00
1.08
1.83)
0.61
1.01)*

(0.19-

(0.23-

(0.19-

(0.97-

(0.63-

(0.64-

(0.63-

(0.37-

1.00

0.25
0.79)*
0.28
0.87)*
0.18
0.62)**

1.00

1.18
1.77)
1.07
1.72)

1.00
0.67
0.97)*

1.00
0.92
1.42)
0.74
1.17)

(0.08-

(0.09-

(0.05-

(0.78-

(0.67-

(0.46-

(0.59-

(0.47-

1.00

0.44
1.13)
03
0.78)*
0.41
1.18)

1.00

0.77
1.16)

(0.17-

(0.11-

(0.14-

(0.52-

0.8 (0.5-1.27)
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0.67
0.96)*

1.00

(0.46-

1.1(0.72-1.7)

1.01
1.6)

(0.64-

1.00

0.42
1.13)
0.37
1.02)*
0.31
0.97)*

1.00

0.96
1.44)
0.85
1.37)

1.00
0.77
1.12)

1.00
1.31
2.03)
091
1.44)

(0.15-

(0.14-

.1

(0.64-

(0.53-

(0.53-

(0.85-

(0.58-

1.00

06 (027
1.34)
0.81
1.86)
0.45
1.14)

(0.36-

(0.18-

1.00

097  (0.65-
1.43)
0.85

1.34)

(0.54-

1.00
0.94
1.34)

(0.66-

1.00
11 (0.72-
1.68)
1.41 (0.9-2.2)

1.00

0.44
1.18)
0.36
0.98)*
0.4
1.22)

1.00

1.08
1.62)
157
2.56)*

1.00
0.96
1.39)

1.00
111
1.72)
0.83
1.31)

(0.16-

(0.13-

(0.13-

(0.72-

(0.96-

(0.66-

0.72-

(0.53-

1.00

0.97
2.36)
091
2.26)
0.48
1.34)

1.00

0.97
1.47)
113

1.84)

1.00
1.06
1.54)

1.00
142
2.27)
0.84
1.34)

(0.4-

(0.37-

0.17-

(0.64-

(0.69-

0.72-

(0.89-

(0.53-
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Few days per week (Ref.) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Once a week 049 (028- 079 (045~ 1.07 (054 07  (041- 079 (046- 061 (0.36- 0.67  (04- 057 (0.33- 084 (0.48-
0.87)* 1.39) 2.13) 1.19) 1.34) 1.05) 1.11) 0.99)* 1.48)

Occasional 058 (0.35- 0.81(0.51-1.3) 068 (0.39- 07(045-1.1) 061  (04- 06  (0.38- 0.69 (0.45- 056 (0.35- 0.67 (0.42-
0.94)* 1.16) 0.95)* 0.94)* 1.06) 0.89)** 1.06)

*Significant at 0.05 level; **Significant at 0.01 level; ***Significant at 0.001 level. In education group, ‘others’ refers to respondents who have up to secondary education or pre-

university education. In occupations, ‘others’ refers to respondents who are retired, homemaker and unemployed.
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3.4.2. Cultural and supporting ESs

The oldest age group (46 years and above) was associated with greater odds of perceiving the
UGSs provide SV (odds ratio=2.11, p=0.05) and ER (odds ratio=2.75, p= 0.01) services compared to the
age group “<30 years” (Table 4). Respondents with a university level education in non- environmental
courses had lower odds of perceiving the UGSs provide AV (odds ratio=0.55, p=0.04) and ON (odds
ratio= 0.49, p=0.05) services while respondents with secondary or pre-university level education had
lower odds of perceiving the UGSs provide a variety of cultural services, including SV (odds ratio=
0.53, p=0.03), AV (odds ratio= 0.42, p=0.01), ON (odds ratio= 0.42, p=0.05) and EM (odds ratio=0.56,
p= 0.05) than the respondents with tertiary education in environmental-related field. Furthermore,
respondents in the M40 income group had a higher likelihood of believing UGSs offer AV (odds ratio=
2.17, p=0.001) service than respondents in the B40 income group. Respondents who visited UGSs once
a week had 41% lower odds of perceiving SV service (odds ratio 0.59, p= 0.05), whereas respondents
who visited UGSs on occasion had 45% lower odds of perceiving the UGSs provide SV (odds ratio 0.55,
p=0.01) and 50% lower odds of providing AV (odds ratio 0.50, p= 0.007) services. Only income had a
significant relationship with supporting ESs. Respondents in the T20 income group were less likely to
believe that UGSs give HW (odds ratio= 0.44, p= 0.01) than those in the B40 income group (Table 4).
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Odds ratio (95% CI)
Supporting
Independent Variables Cultural services service
Spiritual ~ values Aesthetic values Outdoor Ecotourism Education and Habitat provision
SV) (AV) recreation (ON)  (EM) research (ER) for wildlife (HW)
Gender
Male (Ref.) 1.00 1.00 1.00 1.00 1.00 1.00
Female 0.99 (0.69-1.43) 1.03 (0.69-1.54) 1.21 (0.76-1.93) 1.04 (0.72-1.49) 1.15 (0.8-1.63) 0.95 (0.53-1.69)
Age

18-30 years (Ref.)
31-45 years
46 and above

Education
University (Environmental) (Ref.)
University (Non-environmental)
Others

Occupation
Environmental sector (Ref.)
Non-environmental sector
Student
Others

Monthly household income
B40: Up to RM5,000 (Ref.)

1.00
1.37 (0.76-2.47)
2.11 (0.94-4.7)*

1.00
0.86 (0.52-1.4)
0.53 (0.3-0.93)*

1.00

0.94 (0.4-2.18)
1.02 (0.43-2.44)
1.14 (0.42-3.11)

1.00

1.00
0.85 (0.44-1.66)
1.21 (0.48-3.05)

1.00
0.55 (0.31-0.98)*
0.42 (0.22-0.8)*

1.00
0.69 (0.24-2)

0.5 (0.17-1.48)
0.6 (0.18-2.01)

1.00

1.00
1.75 (0.8-3.83)
2.51 (0.8-7.92)

1.00
0.49 (0.24-1.01y*
0.42 (0.19-0.93)*

1.00

1.53 (0.5-4.68)
1.41 (0.46-4.32)
1.12 (0.3-4.21)

1.00

1.00
0.93 (0.51-1.67)
1.05 (0.49-2.25)

1.00
0.7 (0.43-1.15)
0.56 (0.32-0.99)*

1.00

0.68 (0.29-1.64)
0.62 (0.25-1.53)
0.46 (0.17-1.25)

1.00

1.00
1.62 (0.91-2.88)
2.75 (1.28-5.89)**

1.00
0.74 (0.46-1.19)
0.64 (0.37-1.11)

1.00
1.09 (0.49-2.45)
1.25 (0.54-2.87)
1.15 (0.44-2.96)

1.00

1.00
1.25 (0.5-3.09)
1.72 (0.53-5.58)

1.00
1.29 (0.64-2.61)
1.69 (0.71-4.03)

1.00

1.06 (0.3-3.76)
1.1 (0.3-4.02)
0.41 (0.11-1.61)

1.00
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M40: RM5,001 — RM10,000
T20: RM10,001 and above
Duration of stay in current residence
Less than 5 years (Ref.)
More than 5 years
Distance to the nearest UGSs
Up to 1km (Ref.)
1-5 km
More than 5km
Frequency of visits to UGSs
Few days per week (Ref.)
Once a week

Occasional

1.02 (0.68-1.53)
0.69 (0.44-1.1)

1.00
0.94 (0.65-1.36)

1.00
1.12 (0.72-1.73)
1.09 (0.69-1.73)

1.00
0.59 (0.34-1.01)*
0.55 (0.35-0.87)**

2.17 (1.35-3.49)**
1.35 (0.81-2.25)

1.00
0.88 (0.58-1.31)

1.00
0.88 (0.55-1.4)
0.82 (0.5-1.33)

1.00
0.68 (0.36-1.25)
0.5 (0.3-0.83)**

1.45 (0.84-2.49)
1.39 (0.73-2.65)

1.00
1.02 (0.63-1.63)

1.00
0.8 (0.46-1.39)
0.73 (0.41-1.29)

1.00
0.78 (0.39-1.56)
0.9 (0.5-1.61)

1.17 (0.78-1.75)
0.94 (0.59-1.49)

1.00
0.92 (0.64-1.33)

1.00
1.19 (0.77-1.84)
1.18 (0.74-1.86)

1.00
0.62 (0.37-1.05)
0.66 (0.42-1.02)

0.84 (0.56-1.24)
0.72 (0.45-1.13)

1.00
0.89 (0.62-1.28)

1.00
1.09 (0.72-1.67)
1.31 (0.83-2.06)

1.00
0.89 (0.53-1.49)
0.84 (0.55-1.29)

13

0.94 (0.48-1.85)
0.44 (0.23-0.83)*

1.00
1.06 (0.6-1.89)

1.00
1.67 (0.78-3.6)
0.98 (0.48-1.99)

1.00
0.75 (0.33-1.75)
0.74 (0.36-1.52)

*Significant at 0.05 level; **Significant at 0.01 level; ***Significant at 0.001 level. In education group, ‘others’ refers to respondents who have up to secondary education or pre-

university education. In occupations, ‘others’ refers to respondents who are retired, homemaker and unemployed.
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4. Discussion

4.1. Perceptions about the quality of UGSs and usage

Despite sporadic maintenance and few parking places, most respondents were happy with the
quality features of the nearest UGSs to their home area, indicating that Malaysia's UGSs were of
reasonable quality. Infrastructure (Zhan et al., 2018), correct administration, and cleanliness (Bertram
& Rehdanz, 2015) have been shown in studies to have a major influence on enhancing ESs and
people's health benefits (Jennings et al., 2016; Paquet et al., 2013). Malaysian city dwellers attended
UGSs to go for a stroll, enjoy nature and fresh air, and relax. This finding is consistent with a research
project conducted in Kuala Lumpur, which found that the primary reasons for visiting UGSs include
forest walks, being near to nature, and recreational activities (Nath & Magendran, 2021).

Except PR, most of the ESs offered by UGSs are favorably perceived by urban people (in the
regulating ESs). Rupprecht et al. (2015) showed more than 80% of respondents in Brisbane, Australia,
and Sapporo, Japan perceived many ESs offered by UGSs in their respective localities. However,
several research found that most respondents had a positive impression of regulatory ESs but a
negative perception of cultural and supportive ESs (Jim & Chen, 2006; H. Zhang et al., 2019). Zhang
et al. (2016), on the other hand, discovered that the majority of respondents had much lower
assessments of regulatory, cultural, and supportive ESs.

4.2. Factors associated with the urban residents’ perceptions

A variety of factors including education, distance to UGSs, gender, age, occupation, income, and
frequency of visits to UGSs influenced respondents’ positive perceptions on specific ESs (Brun et al.,
2018; Campos et al., 2012; Moutouama et al., 2019; Muhamad et al., 2014; Poppenborg & Koellner,
2013; Zhang et al., 2019; Zhang et al., 2016). We found that age of respondents is largely associated
with the perception of most of the regulating ESs followed by occupation type, the visitation
frequency, income status, duration of residence, and distance from the closest UGSs. Education level
was the influencer of the highest number of cultural ESs while income status, frequency of visit, and
age impacted the perception of equal number of cultural ESs. There were no factors except income
status that influence the perception of supporting ESs.

Higher age (>30 years) would likely to significantly enhance the positive perception of UGSs for
supplying global climate regulation, noise buffering, pest regulation, spiritual, and research and
education services. In particular, the oldest age group “46 years and above” demonstrated a two to
four times increase in perception of five ESs out of nine. Jim & Shan (2013) also reported that older
people in in Guangzhou, China had a more positive perception of the benefits of UGSs. Older people
are more conscious about their health and have close social networks that encouraged them using
urban parks more often. Eventually they become more aware of ESs as they try to maximize the
wellbeing benefits from the nature (Enssle et al., 2020).

Respondents with non-tertiary education (secondary/ pre-university) and tertiary education in
non-environmental disciplines reported significantly lower perception. Respondents having non-
tertiary education perceived significantly lower perceptions on global climate regulation, and
microclimate regulation, spiritual, aesthetics, and outdoor recreation services. Perception on two
cultural ESs (aesthetics and outdoor recreation) was likely to be significantly decreased among the
respondents with tertiary education in non-environmental disciplines compared to respondents with
tertiary education in environmental disciplines. Such perception would likely be further reduced
among the respondents with non-tertiary education, as the perception of four out of five ESs was
likely to significantly drop. The probable reason for these differences is that education deepens and
refines perception and understandings of UGSs (Jim & Shan, 2013). We therefore argue that people
with tertiary and environmental education would have stronger perception about the ESs of UGSs.
This suggests incorporating environment related content in education systems to increase peoples’
support about the nature-based solution in urban areas to maximize ESs provided by UGSs (Zanten
et al., 2016). Malaysian education systems can introduce the concepts of ESs and human wellbeing
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into the curriculum or even introduce environmental education as an independent syllabus (Aminrad
et al., 2013).

Unemployment or non-environmental occupations would likely to significantly reduce
respondents’ perception on regulating services. Thus, these two groups of respondents are less
interested in reaping benefits of nature. Appropriate education not only ensure employment, but it
also enhances the perception and understandings of UGSs (Jim & Shan, 2013). Thomas et al. (2007)
stated that working in an environmental sector creates a strong sense of ESs from natural ecosystems,
their conservation, and vice versa. This reveals that urban people having environmental education
and relevant employment would have strong support towards conservation and uses of UGSs.
Compared to the B40 income group, higher income levels likely to significantly increase the
perception of one or two out of the nine ESs. In reference to the lower income respondents, moderate
income group would have significantly greater perceptions of microclimate regulation, air filtration
and aesthetic services. This supports the notion that the higher level of income group has been
reportedly more aware of nature’s benefits and willing to protect them than the lower income group
(Wang et al., 2021).

Length of residency (>5years), distance to nearest UGSs (>5 km), and infrequent visit to UGSs
showed reduction in perception for few ESs (Tables 3 and 4). Misiune et al. (2021) reported that those
who visit green spaces several times in a week valued ESs significantly more compared to those who
visit green spaces less often. Many previous studies have shown that perception of ESs is usually
developed through interacting directly with the environment and self-experiences (Campos et al.,
2012; Muhamad et al., 2014; W. Zhang et al., 2016). Studies have suggested that higher frequency of
UGSs visitation may lead to higher perception on ESs (Gashu et al., 2020; Lafortezza et al., 2009;
Schipperijn et al., 2010). In order to encourage residents to perceive and enjoy more of the ESs
provided by UGSs, the government can develop small UGSs in neighborhood areas which would
permit more frequent visitation to UGSs and thus improving their connectedness to nature. This will
help promote the sustainability of various ESs and biodiversity conservation (Muhamad et al., 2014).

5. Limitations of the study

To our best knowledge, there is no adequate baseline literature on the urban residents’
perception of ESs provided by UGSs in Malaysia. Hence, this study can serve as a foundation for
future research. However, it is common to have little proportional mismatch with the actual
population in social studies where the data collection is beyond control (Nath et al., 2018). We
therefore recommend that any future research should keep the filters in place to maintain more
balanced demographic features across the sample.

6. Conclusions and implications

UGSs are crucial in maintaining a good quality urban life and environment as they offer an
environment for the society to connect with nature. The quality of UGSs in Malaysia was reasonably
good as most of the respondents were satisfied with the organization, networks’ structure,
cleanliness, safeness, and aesthetic of the nearest UGSs to their residence. Respondents had high level
of positive perception about specific ESs supplied by the UGSs. Age, education, frequency of visit
and distance to nearest UGSs played a vital role in creating the perception of some ESs. These findings
may provide a baseline data for researchers and urban planners, which they can use to assess the
changes of peoples’ perceptions on ESs provided by UGSs. As respondents are positive towards ESs,
urban planners may take this opportunity to engage residents in designing, developing, and
managing UGSs. Resident groups in urban Malaysia are proactive towards collaborative
management of UGSs. Findings of this study also suggest incorporating environment related topics
across study programs and establishing pocket parks in neighborhoods which might increase
peoples’ perception of ESs and thus increase their visitation to UGSs for wellbeing. When residents
become strongly positive about the benefits of UGSs, it would assist to generate more beneficial
policy decisions for UGSs development and thereby improve urban wellbeing as well as biodiversity
conservation. Development and conservation of UGSs will also assist government to achieve several
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sustainable development goals including health and wellbeing, sustainable cities, climate action and
life on land.
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