
RESEARCH ARTICLE

Demographic biases in engagement with

nature in a tropical Asian city

Daniel R. RichardsID
1☯*, Tze Kwan FungID

1☯, Rachel A. T. Leong1,

Uma Sachidhanandam2, Zuzana Drillet1, Peter J. Edwards1

1 Future Cities Laboratory, Singapore-ETH Centre, ETH Zurich, Zürich, Singapore, 2 Republic Polytechnic,
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Abstract

Urban residents can benefit from spending time in outdoor spaces and engaging with

nature-related activities. Such engagement can improve health and well-being, support

community cohesion, and improve environmentally-friendly behaviours. However, engage-

ment with nature may not be equal amongst different members of society. We investigated

individual variation in engagement with nature in Singapore, a high-density city in tropical

Southeast Asia. Through a survey of 1000 residents, we analysed relationships between

demographic factors such as age, income, and sex, and the frequency of visitation to differ-

ent ecosystem types, and the frequency of engagement with different nature-related activi-

ties. Parks and neighbourhood open spaces were among the most commonly-visited

outdoor spaces, with nature reserves and other natural areas being visited less frequently.

Common activities included sitting outdoors, art and photography, and running, while hiking

and nature recreation were less frequent. In contrast with previous studies, we found rela-

tively small differences among different groups of the population in their preferred types of

outdoor activities. Older people, those with lower incomes, and without degrees were less

likely to visit most types of outdoor space and engage with most types of nature-related

activities. In the case of nature reserves, the distance from the visitor’s home had a signifi-

cantly negative influence on the frequency of visitation. These findings demonstrate that the

benefits of engagement with nature are not equally enjoyed by all demographic groups, and

that some groups lack engagement across the board. Strategies to increase nature engage-

ment in tropical cities could include increasing the local availability and accessibility of differ-

ent types of outdoor space, and education and public outreach programmes to encourage

participation.

1. Introduction

Many urban residents have few opportunities to interact with ecosystems and organisms, lead-

ing them to have little or no experience with nature [1]. Increasing evidence shows positive

associations between nature contact and connectedness and a range of indicators, including
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psychological [2,3,4,5] and physical health indicators [6], environmentally-conscious behav-

iour, and support for nature conservation [7,8]. The engagement of urban residents with

nature is therefore important in impacting urban liveability, and has implications for the con-

servation of biodiversity at a global scale [9,8].

Urban residents spend most of their time within built-up areas, which are mainly domi-

nated by built infrastructure. Outdoor natural and semi-natural spaces in cities–including

parks, gardens, and remnant patches of forest or other natural ecosystems–are therefore

important in providing spaces for human-nature interactions [10,11]. By providing spaces for

recreation, education, gardening, and nature conservation, these urban outdoor spaces provide

much-needed opportunities for urban dwellers to engage with nature [12,13]. Such engage-

ment is largely beneficial, with benefits for health [14,15] and social cohesion [16,17]. In addi-

tion, people who spend more time in nature are likely to feel more closely related and

connected to nature [18,8], hold positive attitudes towards the environment, and engage in

environmentally-friendly behaviours [19,20]. While most research has focused on engagement

with nature in public outdoor spaces, engagement with nature can also occur at home. For

example, gardening at home is a source of pleasure and valuable connection to nature, espe-

cially for older residents [21].

Although urban living offers opportunities for various forms of contact with nature, not

all urban residents have equal access to these opportunities [22,23,24,25]. Different demo-

graphic groups have different preferences for outdoor spaces, and can be more or less likely to

engage in different types of activities [26,27,28]. Several studies have revealed disparities in

access to urban outdoor space in relation to socio-economic status, education, ethnic back-

ground or age [29,30,31,32,33]. Furthermore, the location where people live can impact their

ability to access outdoor spaces, with people having longer travel time to reach parks being less

likely to visit them frequently [34,35]. At a cross-city scale, green cover shows a positive rela-

tionship with health outcomes in wealthier cities, but a negative relationship in less wealthy cit-

ies [36].

Unequal engagement with urban ecosystems has been highlighted as a global problem in

the United Nations Sustainable Development Goals, which aim to secure universal access for

urban residents to green space by 2030 [37]. Most of our knowledge about public engagement

with urban ecosystems comes from cities in temperate climates [29,9], and much less is known

about tropical Asia, where cultural attitudes and climatic factors are very different. There is

some evidence that river corridors are popular for recreation amongst poorer communities in

Indonesia [38], and urban parks are important spaces for recreation in Malaysia [39]. Con-

versely, students in Singapore have relatively limited contact with natural spaces, and it has

been shown that the positive impact of outdoor space use on happiness does not hold among

this group of respondents [40].

Singapore provides an interesting case study in which to investigate relationships between

people and nature, due to its context as a highly-developed and high-density tropical Asian

city. We conducted a survey of 1000 Singapore residents to analyse relationships between

demographic factors and (1) the frequency of visitation to different ecosystem types, and (2)

the frequency of engagement with different nature-related activities.

2. Methods

2.1. Study location and context

Singapore (103˚500E, 1˚200N) is a highly urbanised island nation with a population of approxi-

mately 5.6 million residents [41] on a small land area of 714 km2. Despite its small land area

and rapid urbanisation over the past 60 years [42], Singapore has pursued an ambitious
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greening strategy where about 50% of the land area is vegetated [43]. There are four nature

reserves and over 350 parks [44], in addition to several hundred kilometres of linear open

spaces or “park connectors”, which connect major residential areas to various parks and nature

areas [45].

2.2. Survey development and delivery

The survey was conducted online from 4 to 15 September 2018 through the engagement of an

online survey company (QuestionPro Inc, USA). The approximate time to complete the survey

was 20 minutes. Participants from across Singapore were randomly invited to participate in

the survey. Only complete responses were counted and the survey remained open until a total

of 1000 responses were collected. The survey company contacted members of the public who

had previously agreed to join a general pool of participants. The survey fixed quotas for sex

and age classes, targeting an equal number of respondents in each class (two sex classes and 14

age classes). The quota for sex was met, giving equal representation of male and female respon-

dents. However, it was not possible to obtain sufficient respondents for all age classes, with the

older age classes under-represented (Fig 2). The survey methodology was reviewed and

approved by the Ethics Committee of ETH Zürich (EK 2018-N-65), and all participants gave

informed consent to participate in the study.

The majority of the survey focused on understanding the respondents’ engagement with

nature-related activities and use of outdoor spaces. The frequency of visitation to outdoor

spaces was quantified across a typology of eight outdoor space types, based on the common

types of protected nature areas, public parks, and outdoor spaces built into housing develop-

ments [46,43] (Table 1). The frequency of engagement with outdoor activities was queried for

a typology of twelve outdoor activities (Table 2). The list of outdoor activities was developed

after collating lists used in previous studies [47,48] and editing for cultural and climatic rele-

vance to Singapore. The lists of outdoor space types and activities were screened through a

pilot study to establish a complete list of common activities. A six-point ordinal scale was used

to describe the frequency of visitation and engagement (1 = “never”, 2 = “once a year or less”,

3 = “several times a year”, 4 = “almost every month”, 5 = “almost every week”, 6 = “more than

once a week”). In addition, the survey collected demographic information from the respon-

dents including the ethnicity, sex, age class, and personal income class, according to the format

used by the Singapore Department of Statistics [41]. The postal code was also recorded. In Sin-

gapore, postal codes typically refer to apartment buildings, thus representing a spatial precision

of finer than 500 m.

Table 1. Survey question regarding the frequency of visits to different outdoor spaces in Singapore.

How often over the past two years have you visited the outdoor green spaces listed below? Examples Abbreviation

Nature reserves Bukit Timah Nature

Reserve, Central Catchment Nature

Reserve, Labrador Nature Reserve, Sungei

Buloh Wetland Reserve

Nature Res.

Other natural or forested nature areas Southern Ridges, Pulau Ubin Natural

Regional parks (landscaped public parks) Bishan-

Ang Mo Kio Park, one-north Park

Large park

Neighbourhood urban green spaces Community gardens, playground Neigh. Park

Open spaces Sports field, stateland, golf courses Open space

Park connectors Park connect.

Beaches Sentosa, East Coast Beaches

https://doi.org/10.1371/journal.pone.0231576.t001
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2.3. Distance from outdoor space calculation

The minimum Euclidean distance from the respondent’s home location to each outdoor space

type was calculated as an indicator of accessibility. Accessibility can be indicated by various

metrics, such as self-reported travel time or distance, or path distance along the transport net-

work [49,35]. However, such metrics are complicated by variable modes of transport, and Sin-

gapore is highly heterogeneous in this regard, with an efficient mass rail transport system and

bus services supplemented by personal car ownership, walking and cycling, taxis and increas-

ing uptake of electric personal mobility devices [50,51]. Euclidean distance is typically corre-

lated with more complex spatial metrics such as road network distance [49]. This index

represents a simple yet readily understandable measure of relative accessibility, in which peo-

ple who live further from an outdoor space type are indicated as having less spatial access to it

[49].

Data on the spatial extent of each outdoor space type were collected from a combination of

government datasets and remote sensing of vegetation cover; the data used are mapped in Fig

1. The spatial extent of publicly accessible park connectors, parks and nature reserves was

extracted from the corresponding publicly-available spatial datasets (data.gov.sg), downloaded

on the 2nd of February 2019 (Fig 1). Amongst the parks, neighbourhood parks were defined as

those with “Playground” or “Outdoor space” in their name, and regional parks were defined as

all other parks. The spatial extent of beaches was digitised by hand using high-resolution refer-

ence satellite imagery and ground-truthing. The spatial extent of natural areas other than

nature reserves was defined by extracting all patches of unmanaged vegetation greater than 2

hectares in size from a national vegetation map [43]. The spatial extent of vacant turf plots was

defined by extracting all patches of human-managed vegetation with no tree cover that were

larger than 2 hectares, from the national vegetation map [43].

2.4. Statistical analysis

Self-reported frequency of visitation to outdoor spaces and frequency of involvement in

nature-related activities were recorded as ordinal data, and were modelled using cumulative

link models (CLMs) as implemented in the “ordinal” package for R [52,53]. CLMs model ordi-

nal data explicitly by estimating the probability of each class in relation to the preceding class

Table 2. Survey question regarding the frequency of engagement with different nature-related activities in

Singapore.

How often over the past two years did you do the activities

listed below?

Examples Abbreviation

Sitting outdoors Eating, chatting Sitting

Field sports Football, golf Field sports

Running or jogging Running

Hiking Hiking

Unstructured play Playground, flying drones and/or

kites

Play

Gardening or farming Gardening

Nature recreation Bird watching Nature rec.

Involvement in nature conservation activities Coastal cleanup Nature cons.

Exercising animals Dog walking Animal care

Photography, art, or music Art or photo

Watersports Sailing, kayaking, swimming Water sports

Wheeled sports Cycling, skateboarding Cycling

https://doi.org/10.1371/journal.pone.0231576.t002
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on the ordinal scale, while simultaneously modelling the influence of explanatory variables in

driving responses that are higher or lower on the ordinal scale [53]. Separate CLMs were made

for each type of outdoor space and nature-related activity. The same candidate explanatory

variables were used for each model–age class, sex, whether the individual had a bachelor’s

degree or higher, whether the respondent was currently in full-time employment, and personal

income level. Age and income class were modelled as if continuous variables, by using the low-

est value in the class bracket (i.e. the income class $0 to $20,000 was reclassified as $0). The

maximal models were simplified using a backwards stepwise procedure, using AIC as the sim-

plification criterion [54].

3. Results

3.1. Demographics

The pool of respondents approximately represented the ethnic diversity of Singapore’s popula-

tion, with 73% stating they were Chinese, 11% Malay, 7% Indian, and 9% other races. The dis-

tribution of ethnicity of respondents was not significantly different from the 2010 census

values (X2 = 12, df = 9, p = 0.21; [55]). The survey was not significantly different from the 2010

census in terms of sex, with 50% of respondents responding as male and 50% as female (X2 =

0.07, df = 1, p = 0.79; [55]). The age distribution of the respondents was significantly different

from the census (X2 = 312.8, df = 13, p< 0.001; [55]). Older participants were under-repre-

sented, with only 9% of respondents being above the age of 50 (Fig 2). However, approximately

Fig 1. Locations of outdoor space types, and respondents’ home locations, in Singapore. The spatial extent of publicly accessible park connectors, parks

and nature reserves was extracted from publicly-available spatial datasets (data.gov.sg). The location of beaches was digitised by hand using high-resolution

reference satellite imagery and ground-truthing. The spatial extent of natural areas and turf areas was extracted from a national vegetation map [43]. Inset

shows Singapore in Southeast Asia.

https://doi.org/10.1371/journal.pone.0231576.g001
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equal numbers of respondents were found for the categories below 45, and at least 50 respon-

dents were reached in each category below 65 (Fig 2). Of the 1000 participants, 121 chose not

to reveal their personal income level, leaving 879 participants with all data available for statisti-

cal modelling. The income distribution of the respondents was significantly different from the

2010 census (X2 = 49.3, df = 4, p< 0.001; Fig 3; [55]), although incomes may have changed

substantially between 2010 and 2019. In interpreting the results, it is worth noting a significant

association between income and higher education, with degree holders generally having higher

personal incomes (X2 = 232.77, df = 4, p-value < 0.001).

3.2. Visitation to outdoor spaces in Singapore

In general, visitation rates to natural and semi-natural outdoor spaces were relatively low, with

more than half of respondents visiting a nature reserve or other natural space only once a year

at most (Fig 4). Rates were slightly higher in more heavily managed natural spaces, and around

half of respondents stated that they visited neighbourhood parks and park connectors at least

once a month (Fig 4).

The relationships between visitation frequency and personal characteristics were similar

across all ecosystem types (Table 3). People with higher personal incomes were significantly

more frequent visitors to all types of outdoor spaces (Table 3), while degree holders were sig-

nificantly more frequent visitors to all types of outdoor spaces except beaches (Table 3). Male

respondents were significantly more frequent visitors to vacant turf plots and non-nature

reserve natural areas (Table 3). Age had a significant negative impact on frequency of visitation

to all types of outdoor spaces except park connectors, and those in full-time employment were

significantly less frequent visitors to park connectors, vacant turf plots, and non-reserve natu-

ral areas (Table 3). Distance from the closest outdoor space was not a significant predictor of

frequency of visitation to most types of outdoor space, with the exception of nature reserves

(Table 3). The frequency of visitation to nature reserves declined significantly for people who

lived further from them (Table 3).

Fig 2. Age distribution of (a) Singapore according to the 2010 Census and (b) survey respondents.

https://doi.org/10.1371/journal.pone.0231576.g002
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3.3. Engagement in nature-related activities in Singapore

There was substantial variation in the frequency of engagement with different nature- related

activities (Fig 5). Some activities were relatively common; more than 50% of people said that

they sit outdoors and go running more than once every month (Fig 5). Other relatively fre-

quent activities were field sports and art or photography (Fig 5). Activities that typically take

place in more natural ecosystems, such as nature recreation, nature conservation, and hiking,

Table 3. Cumulative link models of frequency of visitation to outdoor space types in Singapore.

Nature reserve Natural area Regional park Neighbourhood park Open space Park connector Beaches

Age (10s of years) -0.33��� (0.07) -0.31���

(0.07)

-0.23��� (0.07) -0.29��� (0.07) -0.45���

(0.07)

-0.0105 -0.47���

(0.07)

Male 0.23 (0.14) 0.52��� (0.14) 0.26 (0.14) 0.68��� (0.14) 0.27� (0.13) 0.37�� (0.14)

Degree holder 0.49�� (0.15) 0.43�� (0.15) 0.39�� (0.15) 0.3� (0.15) 0.38� (0.15) 0.34� (0.15)

Full time employed -0.3 (0.2) -0.28 (0.2)

Income ($10,000s) 0.16��� (0.02) 0.16��� (0.02) 0.14��� (0.02) 0.14��� (0.02) 0.15��� (0.02) 0.12��� (0.02) 0.19��� (0.02)

Log10 distance (km) -0.48� (0.22) 0.32 (0.19) -0.27 (0.17) -0.4 (0.27)

Never|Once a year or less -2.3��� (0.3) -1.1��� (0.25) -1.99��� (0.25) -2.37��� (0.25) -1.77���

(0.26)

-2.02��� (0.27) -3.85���

(0.33)

Once a year or less|Several times a year -0.31 (0.29) 0.66�� (0.25) -0.66�� (0.24) -1.31��� (0.24) -0.74�� (0.26) -0.83�� (0.26) -1.62���

(0.29)

Several times a year|Almost every month 0.94�� (0.29) 1.81��� (0.26) 0.62�� (0.24) -0.13 (0.23) 0.21 (0.26) 0.25 (0.25) 0.32 (0.29)

Almost every month|Almost every week 2.19��� (0.31) 2.84��� (0.28) 1.57��� (0.24) 0.95��� (0.24) 1.09��� (0.26) 1.18��� (0.26) 1.45��� (0.3)

Almost every week|More than once a

week

3.36��� (0.35) 4.00��� (0.33) 3.15��� (0.28) 2.32��� (0.26) 2.38��� (0.29) 2.34��� (0.27) 2.62��� (0.33)

Estimated coefficients and significance are first indicated, followed by the standard error of the coefficient estimate in parentheses. Increasing numbers of asterix (�, ��,

���) indicate significance at the p < 0.05, p < 0.01, and p< 0.001 levels respectively.

https://doi.org/10.1371/journal.pone.0231576.t003

Fig 3. Income distribution of (a) Singapore according to the 2010 Census and (b) survey respondents.

https://doi.org/10.1371/journal.pone.0231576.g003
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were less frequent, with more than half of the respondents engaging in these activities once a

year or less (Fig 5). Activities involving domestic plants or animals, such as animal care or gar-

dening, were similarly infrequent (Fig 5).

Fig 5. Frequency of engagement with different nature-related activities in Singapore.

https://doi.org/10.1371/journal.pone.0231576.g005

Fig 4. Frequency of visits to different types of outdoor space in Singapore.

https://doi.org/10.1371/journal.pone.0231576.g004
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The relationships between engagement frequency and personal characteristics were similar

across all types of nature-related activity (Table 4). People with higher personal incomes par-

took more frequently than average in all forms of nature-related activity other group (Table 4),

while degree holders were significantly more likely to engage in running and hiking (Table 4).

Male respondents took part significantly more frequently in field sports, running, hiking,

water sports, cycling, and nature conservation (Table 4). Older people were less likely than

average to pursue all activities apart from gardening (Table 4). People in full-time employment

were significantly less likely to engage in field sports (Table 4).

4. Discussion

4.1. Relative visitation to different outdoor spaces and engagement with

nature-related activities

Nature reserves and other natural areas were visited less frequently than local neighbourhood

parks, open spaces and park connectors. A difference in the frequency of visits to outdoor

spaces may be due to the perceived attractiveness and ease of access to these outdoor spaces

[56]. The attractiveness of an outdoor space is increased if the environment is comfortable and

the visitor feels safe [56], and less comfortable thermal conditions have been previously

reported as a factor in reducing outdoor space use in other tropical cities [57,39]. While the

high air temperature and humidity present across Singapore may discourage people using all

open spaces [58], the differences between types of urban green space may not be substantial

Table 4. Cumulative link models of frequency of engagement in nature-related activity in Singapore.

Sit

outdoors

Field

sports

Run Hike Play Gardening Nature

recreation

Nature

conservation

Animal

care

Art Water

sports

Cycling

Age (10s of

years)

-0.21���

(0.06)

-0.48���

(0.06)

-0.3���

(0.06)

-0.33���

(0.07)

-0.32���

(0.06)

-0.18��

(0.06)

-0.38��� (0.07) -0.47���

(0.08)

-0.41���

(0.06)

-0.4���

(0.06)

-0.29���

(0.06)

Male 0.21

(0.12)

0.82���

(0.13)

0.55���

(0.12)

0.34��

(0.13)

0.37�� (0.13) 0.28�

(0.12)

0.36��

(0.12)

Degree holder 0.35��

(0.13)

0.49���

(0.14)

Full time

employed

-0.36�

(0.17)

0.36

(0.19)

-0.27

(0.17)

Income

($10,000s)

0.07���

(0.02)

0.16���

(0.02)

0.13���

(0.02)

0.15���

(0.02)

0.14���

(0.02)

0.11���

(0.02)

0.15���

(0.02)

0.15��� (0.02) 0.15���

(0.02)

0.07���

(0.02)

0.14���

(0.02)

0.11���

(0.02)

Never|Once a

year or less

-3.01���

(0.24)

-1.97���

(0.24)

-2.04���

(0.23)

-0.59�

(0.23)

-1.34���

(0.21)

0.17 (0.1) -0.75���

(0.21)

-0.67�� (0.22) -0.48@

(0.25)

-2.84���

(0.25)

-1.57���

(0.22)

-1.41���

(0.22)

Once a year or

less|Several

times a year

-1.97���

(0.22)

-1.14���

(0.23)

-1.31���

(0.22)

0.53�

(0.23)

-0.41�

(0.21)

0.8��� (0.1) 0.16 (0.21) 0.29 (0.22) -0.13

(0.25)

-2.06���

(0.24)

-0.62��

(0.21)

-0.69���

(0.21)

Several times a

year|Almost

every month

-0.78���

(0.21)

-0.29

(0.23)

-0.33

(0.21)

1.52���

(0.24)

0.49�

(0.21)

1.46���

(0.11)

1.06���

(0.21)

1.17��� (0.23) 0.32

(0.25)

-1���

(0.23)

0.39

(0.21)

0.39

(0.21)

Almost every

month|Almost

every week

-0.09

(0.21)

0.59�

(0.23)

0.39

(0.21)

2.69���

(0.26)

1.45���

(0.22)

2.14���

(0.12)

1.94���

(0.22)

2.01��� (0.24) 0.77��

(0.25)

-0.21

(0.23)

1.32���

(0.22)

1.08���

(0.21)

Almost every

week|More

than once a

week

1.06���

(0.21)

2.16���

(0.26)

1.78���

(0.22)

3.79���

(0.3)

2.74���

(0.25)

3.07���

(0.16)

3.11���

(0.25)

3.23��� (0.29) 1.72���

(0.26)

0.67��

(0.23)

2.79���

(0.27)

2.36���

(0.24)

Estimated coefficients and significance are first indicated, followed by the standard error of the coefficient estimate in parentheses. Increasing numbers of asterix (�, ��,

���) indicate significance at the p < 0.05, p < 0.01, and p< 0.001 levels respectively.

https://doi.org/10.1371/journal.pone.0231576.t004
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enough to cause major variation in attractiveness [59]. Moreover, there is evidence that people

can adapt to Singapore’s challenging thermal conditions [60]. Factors other than thermal com-

fort may thus be more important in determining site attractiveness. The feeling of personal

safety is important in determining the attractiveness of a location [61,62], with fears of wildlife

and crime listed as reasons for not visiting outdoor spaces in Singapore in an earlier study [63].

Wildlife is more likely to be encountered in the less manicured nature reserves and natural

areas [64], and fears of criminal activity associated with forest [61,65]. Therefore, perceptions of

danger may partially explain the reduced visitation of the more natural areas included in this

study. Finally, the attractiveness of an outdoor space depends partly on the activities which are

available to be conducted there. Popular activities such as running and cycling (Fig 5) can be

conducted in both natural and managed outdoor spaces, while sitting may be more comfortable

in suitably managed outdoor spaces that have seating or turf grass available. On the other hand,

as nature reserves are ecologically sensitive areas protected by legislation in Singapore, possible

activities are limited to mainly hiking, nature recreation, art, and photography. Selection for

outdoor spaces that allow particular activities may therefore also contribute to the higher visita-

tion frequency of local neighbourhood parks, open spaces and park connectors.

The frequency of visitation to outdoor spaces is also affected by the effort required to travel

to them, with shorter travel distances encouraging more frequent use [66,34,67]. Our results

suggested that ease of access to neighbourhood parks, park connectors and open spaces may

explain why these types of outdoor spaces were used more frequently (Fig 4). Conversely, the

lower frequency of visitation to nature reserves may be due to further distances from home.

Singapore is a small island city-state with a dense population and well-developed public trans-

port network, making travel to all outdoor spaces relatively rapid and affordable [68]. None-

theless, some of the more natural spaces are further from the main urban centres [69], while

smaller parks and park connectors are tightly integrated within the planning of urban neigh-

bourhoods [45,70,23].

Popular outdoor-related activities documented in this study included sitting, running,

cycling, and art or photography. The choice of an individual to engage with a particular activity

is highly personal, but people may be influenced by broader trends in society, and the relative

opportunity to engage [56]. The benefits of exercise, including running and cycling, are publi-

cised as part of government initiatives to improve public health in Singapore [71]. Photogra-

phy is a popular pastime, particularly for the purpose of sharing on social media [72].

Similarly, sitting outside while chatting or sharing food is a common social activity for many

people, particularly in areas of public housing with extensive outdoor space [73].

4.2. Variation in visitation and activities between people

Younger people were more likely to visit most types of outdoor space, and more likely to

engage in most types of nature-related activities (Tables 3 and 4). Wealthier and more edu-

cated people (as indicated by holding an academic degree) were more likely to visit several

types of outdoor space and engage in many types of nature-related activities (Tables 3 and 4).

Taken altogether, these results highlight that nature engagement is not uniformly distributed

across Singapore’s population, but that younger, wealthier, and more educated people are

more likely to engage with nature.

The findings of the present study are in partial agreement with work in other cities. For

example, urban outdoor space use is commonly reported to be lower amongst older members

of society [11,35], although outdoor spaces are important for recreation amongst the elderly in

many cities [74,75,21]. Park use was reported to be higher amongst more educated residents in

Brisbane, Australia [11], but lower amongst more educated residents in Beijing, China [35].
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Perhaps more important than the patterns between individual aspects of nature engagement is

the overall trend: previous studies have shown that different demographics groups have differ-

ent preferences for outdoor spaces, and engage with nature in different ways [27,28]. In con-

trast, we found that the same groups were less likely to visit most types of outdoor space and

engage in most types of nature-related activities. Age did not have a significant positive effect

on any of the response variables recorded in this study, just as education and income did not

have any negative effects. These findings suggest a general lack of engagement with nature

among the elderly, the less wealthy, and the less educated.

The age range of most respondents in this study was between 18 and 50, meaning that most

respondents were of working age. Over this range, it is possible that older respondents had less

time available for visits to outdoor space or engagement in nature-related activities, due to

considerable work and family commitments. A study from the UK found that 35–64 year olds

were more likely than 16–34 year olds to cite being “too busy at work” as their reason for

reduced visitation [76]. Income and degree levels were confounded in the dataset, meaning

that we may consider these two variables as interchangeable when discussing the results.

Greater wealth can increase the time that a person has to spend on outdoor activities, and fund

travel or equipment [35]. Education can increase awareness of the benefits of outdoor activi-

ties, and support an interest in scientific learning that could be achieved by visiting outdoor

spaces [77,78]. People with lower income and education levels may therefore have a lower

experience of nature because it costs too much time or money, or because they are less aware

of the possibilities and benefits of outdoor activities.

4.3. Societal implications of low nature engagement and opportunities for

improvement

A growing body of research suggests that engagement with nature brings benefits to urban res-

idents in terms of health and well-being [79,80,15], although the exact nature of these benefits

varies according to the health risks that the population faces [81,82]. The use of urban green

spaces may strengthen social connectedness and community bonds [16,39,83], and increase

people’s likelihood of engaging in environmentally-conscious behaviour [78,8]. Given the

many benefits of outdoor space use for people, the limited engagement with nature in some

sections of Singapore’s population–notably older people, the less wealthy and the less edu-

cated–should be a matter for concern.

There are two key approaches through which we can increase visitation to outdoor spaces

and engagement in outdoor-related activities; (1) by increasing motivations through education

and public engagement programmes, and (2) by making nature more accessible through

urban design [84]. Educating people about the benefits of visiting outdoor spaces can help

encourage increased visitation [85,86]. Such education can be done through school, university,

and professional programmes [87,88], and also through advertising and public engagement

campaigns [89,90]. Urban planning can increase accessibility to outdoor spaces in order to

facilitate visits [91]. Accessibility can be enhanced either through creation of local outdoor

spaces that are equitably located in different neighbourhoods [33], by creating new entrance

points or tackling barriers in the surrounding area, or by improving transport links to ensure

that the financial and time costs of visitation are reduced [30,11]. Singapore already aims to

provide comprehensive access to outdoor spaces such as neighbourhood parks and park

connector pathways across the city [45,23]. However these types of outdoor spaces are typically

more manicured and provide few opportunities to interact with biodiversity or engage in pur-

suits such as hiking or nature recreation [46]. While Singapore’s public transport network

makes most areas highly accessible [68], some of the nature reserves are more difficult to access
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at certain times without the use of taxis or private transport. To build engagement with these

more remote and natural outdoor spaces, transportation links could be enhanced to make it

easier and cheaper to visit these types of outdoor space, for example through setting up shuttle

bus services from the urban core.

While public visitation to outdoor spaces is widely beneficial for people, it is not without

associated impacts for wildlife and environmental quality [92,93]. High visitor pressure has

resulted in temporary nature reserve closures in Singapore in recent years [94], so the low cur-

rent visitation rates reported in this study may be desirable to reduce further harm. In land-

constrained urban nations like Singapore, it is critical to successfully balance space for people

and nature. Future research could analyse the visitor carrying capacity of Singapore’s nature

reserves, to establish a sustainable level of visitation that would maximise opportunities for

people to experience nature while minimising environmental damage.

This study has shown unequal visitation to outdoor spaces and engagement with nature-

related activities across demographic groups, giving rise to a potential inequity in experiences

of nature. This inequity may translate to inequities in health and well-being, although the

mechanisms through which outdoor space use, of varying time spent in nature and quality,

impacts health outcomes are still unclear, and require further research [95,96,97,98].

5. Conclusions

Older, less educated, and less wealthy people living in Singapore are less actively engaged with

urban nature. This inequity in nature engagement is not restricted to certain types of outdoor

space or activities, but appears to be universal. Low levels of engagement with nature corre-

spond to an ‘extinction’ of nature-based experiences [1], with potential negative impacts for

health, well-being, and environmental awareness [8]. To increase engagement with nature

amongst older, less educated, and less wealthy people, Singapore and other tropical cities

could first seek to make it more convenient and accessible for people to visit outdoor spaces

and enjoy nature-related activities through planning and design [84]. Second, public outreach

and education programmes could help to make the many benefits of nature engagement more

apparent to urban residents [85,86].

Supporting information

S1 Appendix.

(PDF)

Acknowledgments

We would like to thank Xiao Ping Song for the discussions on the questionnaire, and the par-

ticipants of the study for their time. All authors declare no conflict of interest.

Author Contributions

Conceptualization: Daniel R. Richards, Tze Kwan Fung.

Methodology: Daniel R. Richards, Tze Kwan Fung, Rachel A. T. Leong, Uma Sachidhanan-

dam, Zuzana Drillet.

Writing – original draft: Daniel R. Richards, Tze Kwan Fung.

Writing – review & editing: Daniel R. Richards, Tze Kwan Fung, Rachel A. T. Leong, Uma

Sachidhanandam, Zuzana Drillet, Peter J. Edwards.

PLOS ONE Demographic biases in engagement with nature in a tropical Asian city

PLOS ONE | https://doi.org/10.1371/journal.pone.0231576 April 27, 2020 12 / 17

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0231576.s001
https://doi.org/10.1371/journal.pone.0231576


References
1. Miller JR (2005) Biodiversity conservation and the extinction of experience. Trends EcolEvol 20:430–

434. https://doi.org/10.1016/j.tree.2005.05.013 PMID: 16701413

2. Cervinka R, Roderer K, Hefler E (2011) Are nature lovers happy? On various indicators of well-being

and connectedness with nature. J Health Psychol 11:379–388. https://doi.org/10.3390/

ijerph110101176

3. Nisbet EK, Zelenski JM, Murphy SA (2011) Happiness is in our Nature: Exploring Nature Relatedness

as a Contributor to Subjective Well-Being. J Happiness Stud 12:303–322. https://doi.org/10.1007/

s10902-010-9197-7

4. Zelenski JM, Nisbet EK (2014) Happiness and Feeling Connected: The Distinct Role of Nature Related-

ness. Environ Behav 46:3–23. https://doi.org/10.1177/0013916512451901

5. Martyn P, Brymer E (2016) The relationship between nature relatedness and anxiety. J Health Psychol

21:1436–1445. https://doi.org/10.1177/1359105314555169 PMID: 25370570

6. Dean JH, Shanahan DF, Bush R, et al (2018) Is nature relatedness associated with better mental and

physical health? Int J Environ Res Public Health 15:9–11. https://doi.org/10.3390/ijerph15071371

PMID: 29966307

7. Soga M, Gaston KJ, Koyanagi TF, et al (2016) Urban residents’ perceptions of neighbourhood nature:

Does the extinction of experience matter? BiolConserv 203:143–150. https://doi.org/10.1016/j.biocon.

2016.09.020

8. Soga M, Gaston KJ (2016) Extinction of experience: The loss of human-nature interactions. Front Ecol

Environ 14:94–101. https://doi.org/10.1002/fee.1225

9. Soga M, Yamaura Y, Aikoh T, et al (2015) Reducing the extinction of experience: Association between

urban form and recreational use of public greenspace. Landsc Urban Plan 143:69–75. https://doi.org/

10.1016/j.landurbplan.2015.06.003

10. Dallimer M, Irvine KN, Skinner AMJ, et al (2012) Biodiversity and the Feel-Good Factor: Understanding

Associations between Self-Reported Human Well-being and Species Richness. Bioscience 62:47–55.

https://doi.org/10.1525/bio.2012.62.1.9

11. Lin BB, Fuller RA, Bush R, et al (2014) Opportunity or orientation? Who uses urban parks and why.

PLoS One 9:1–7. https://doi.org/10.1371/journal.pone.0087422 PMID: 24489913

12. La Rosa D, Spyra M, Inostroza L (2016) Indicators of Cultural Ecosystem Services for urban planning:

A review. Ecol Indic 61:74–89. https://doi.org/10.1016/j.ecolind.2015.04.028

13. du Toit MJ, Cilliers SS, Dallimer M, et al (2018) Urban green infrastructure and ecosystem services in

sub-Saharan Africa. Landsc Urban Plan 180:249–261. https://doi.org/10.1016/j.landurbplan.2018.06.

001

14. Kardan O, Gozdyra P, Misic B, et al (2015) Neighborhood greenspace and health in a large urban cen-

ter. Sci Rep 5:1–14. https://doi.org/10.1038/srep11610 PMID: 26158911

15. Hartig T, Kahn PH (2016) Living in cities, naturally. Science (80-) 352:938 LP–940. https://doi.org/10.

1126/science.aaf3759 PMID: 27199417

16. Maas J, van Dillen SME, Verheij RA, Groenewegen PP (2009) Social contacts as a possible mecha-

nism behind the relation between green space and health. Heal Place 15:586–595. https://doi.org/10.

1016/j.healthplace.2008.09.006 PMID: 19022699

17. van den Berg A, van Winsum-Westra M, de Vries S, van Dillen S (2010) Allotment gardening and

health: a comparative survey among allotment gardeners and their neighbours without an allotment.

Environ Heal 9:74. https://doi.org/10.17660/ActaHortic.2000.523.18

18. Nisbet EK, Zelenski JM, Murphy SA (2009) The nature relatedness scale: linking individuals’ connection

with nature to environmental concern and behaviour. Environ Behav 41:715–740. https://doi.org/10.

1177/0013916506295574

19. Wells NM, Lekies KS (2006) Nature and the Life Course: Pathways from Childhood Nature Experiences

to Adult Environmentalism. Child Youth Environ 16:1–24. https://doi.org/10.7721/chilyoutenvi.16.1.

0001

20. Collado S, Corraliza JA, Staats H, Ruı́z M (2015) Effect of frequency and mode of contact with nature

on children’s self-reported ecological behaviors. J Environ Psychol 41:65–73. https://doi.org/10.1016/j.

jenvp.2014.11.001

21. Freeman C, Waters DL, Buttery Y, van Heezik Y (2019) The impacts of ageing on connection to nature:

the varied responses of older adults. Heal Place 56:24–33. https://doi.org/10.1016/j.healthplace.2019.

01.010 PMID: 30690279

22. Wen M, Zhang X, Harris CD, et al (2013) Spatial disparities in the distribution of parks and green spaces

in the USA. Ann Behav Med 45:18–27. https://doi.org/10.1007/s12160-012-9426-x PMID: 23334758

PLOS ONE Demographic biases in engagement with nature in a tropical Asian city

PLOS ONE | https://doi.org/10.1371/journal.pone.0231576 April 27, 2020 13 / 17

https://doi.org/10.1016/j.tree.2005.05.013
http://www.ncbi.nlm.nih.gov/pubmed/16701413
https://doi.org/10.3390/ijerph110101176
https://doi.org/10.3390/ijerph110101176
https://doi.org/10.1007/s10902-010-9197-7
https://doi.org/10.1007/s10902-010-9197-7
https://doi.org/10.1177/0013916512451901
https://doi.org/10.1177/1359105314555169
http://www.ncbi.nlm.nih.gov/pubmed/25370570
https://doi.org/10.3390/ijerph15071371
http://www.ncbi.nlm.nih.gov/pubmed/29966307
https://doi.org/10.1016/j.biocon.2016.09.020
https://doi.org/10.1016/j.biocon.2016.09.020
https://doi.org/10.1002/fee.1225
https://doi.org/10.1016/j.landurbplan.2015.06.003
https://doi.org/10.1016/j.landurbplan.2015.06.003
https://doi.org/10.1525/bio.2012.62.1.9
https://doi.org/10.1371/journal.pone.0087422
http://www.ncbi.nlm.nih.gov/pubmed/24489913
https://doi.org/10.1016/j.ecolind.2015.04.028
https://doi.org/10.1016/j.landurbplan.2018.06.001
https://doi.org/10.1016/j.landurbplan.2018.06.001
https://doi.org/10.1038/srep11610
http://www.ncbi.nlm.nih.gov/pubmed/26158911
https://doi.org/10.1126/science.aaf3759
https://doi.org/10.1126/science.aaf3759
http://www.ncbi.nlm.nih.gov/pubmed/27199417
https://doi.org/10.1016/j.healthplace.2008.09.006
https://doi.org/10.1016/j.healthplace.2008.09.006
http://www.ncbi.nlm.nih.gov/pubmed/19022699
https://doi.org/10.17660/ActaHortic.2000.523.18
https://doi.org/10.1177/0013916506295574
https://doi.org/10.1177/0013916506295574
https://doi.org/10.7721/chilyoutenvi.16.1.0001
https://doi.org/10.7721/chilyoutenvi.16.1.0001
https://doi.org/10.1016/j.jenvp.2014.11.001
https://doi.org/10.1016/j.jenvp.2014.11.001
https://doi.org/10.1016/j.healthplace.2019.01.010
https://doi.org/10.1016/j.healthplace.2019.01.010
http://www.ncbi.nlm.nih.gov/pubmed/30690279
https://doi.org/10.1007/s12160-012-9426-x
http://www.ncbi.nlm.nih.gov/pubmed/23334758
https://doi.org/10.1371/journal.pone.0231576


23. Tan PY, Samsudin R (2017) Effects of spatial scale on assessment of spatial equity of urban park provi-

sion. Landsc Urban Plan 158:139–154. https://doi.org/10.1016/j.landurbplan.2016.11.001

24. Ferguson M, Roberts HE, McEachan RRC, Dallimer M (2018) Contrasting distributions of urban green

infrastructure across social and ethno-racial groups. Landsc Urban Plan 175:136–148. https://doi.org/

10.1016/j.landurbplan.2018.03.020

25. Watkins SL, Gerrish E (2018) The relationship between urban forests and race: A meta-analysis. J Envi-

ron Manage 209:152–168. https://doi.org/10.1016/j.jenvman.2017.12.021 PMID: 29289843

26. Nor Akmar AA, Konijnendijk CC, Sreetheran M, Nilsson K (2011) Greenspace planning and manage-

ment in Klang valley, Peninsular Malaysia. Arboric Urban For 37:99–107.

27. Kaczynski AT, Besenyi GM, Stanis SAW, et al (2014) Are park proximity and park features related to

park use and park-based physical activity among adults? Variations by multiple socio-demographic

characteristics. Int J BehavNutr Phys Act. https://doi.org/10.1186/s12966-014-0146-4 PMID: 25480157

28. Elliott LR, White MP, Grellier J, et al (2018) Recreational visits to marine and coastal environments in

England: Where, what, who, why, and when? Mar Policy 97:305–314. https://doi.org/10.1016/j.marpol.

2018.03.013

29. Barbosa O, Tratalos JA, Armsworth PR, et al (2007) Who benefits from access to green space? A case

study from Sheffield, UK. Landsc Urban Plan 83:187–195. https://doi.org/10.1016/j.landurbplan.2007.

04.004

30. Byrne J, Wolch J, Zhang J (2009) Planning for environmental justice in an urban national park. J Environ

Plan Manag 52:365–392. https://doi.org/10.1080/09640560802703256

31. Dai D (2011) Racial/ethnic and socioeconomic disparities in urban green space accessibility: Where to

intervene? Landsc Urban Plan 102:234–244. https://doi.org/10.1016/j.landurbplan.2011.05.002

32. Astell-Burt T, Feng X, Mavoa S, et al (2014) Do low-income neighbourhoods have the least green

space? A cross-sectional study of Australia’s most populous cities. BMC Public Health 14:19–21.

https://doi.org/10.1186/1471-2458-14-19

33. Wolch JR, Byrne J, Newell JP (2014) Urban green space, public health, and environmental justice: The

challenge of making cities “just green enough.” Landsc Urban Plan 125:234–244. https://doi.org/10.

1016/j.landurbplan.2014.01.017

34. Dallimer M, Davies ZG, Irvine KN, et al (2014) What personal and environmental factors determine fre-

quency of urban greenspace use? Int J Environ Res Public Health 11:7977–7992. https://doi.org/10.

3390/ijerph110807977 PMID: 25105548

35. Liu H, Li F, Xu L, Han B (2017) The impact of socio-demographic, environmental, and individual factors

on urban park visitation in Beijing, China. J Clean Prod 163:S181–S188. https://doi.org/10.1016/j.

jclepro.2015.09.012

36. Amano T, Butt I, Peh KSH (2018) The importance of green spaces to public health: a multi-continental

analysis. Ecol Appl 28:1473–1480. https://doi.org/10.1002/eap.1748 PMID: 30179305

37. United Nations (2016) Report of the Inter-Agency and Expert Group on Sustainable Development Goal

Indicators. United Nations Economic and Social Council. New York.

38. Vollmer D, Grêt-Regamey A (2013) Rivers as municipal infrastructure: Demand for environmental ser-

vices in informal settlements along an Indonesian river. Glob Environ Chang 23:1542–1555. https://doi.

org/10.1016/j.gloenvcha.2013.10.001

39. Mansor M, Harun NZ, Zakariya K (2015) Residents’ Self-perceived Health and its Relationships with

Urban Neighborhood Green Infrastructure. Procedia Environ Sci 28:433–442. https://doi.org/10.1016/j.

proenv.2015.07.053

40. Saw LE, Lim FKS, Carrasco LR (2015) The Relationship between Natural Park Usage and Happiness

Does Not Hold in a Tropical City-State. PLoS One 1–16. https://doi.org/10.1371/journal.pone.0133781

PMID: 26222280

41. Singapore Department of Statistics—Singstat (2018): Population and population structure. https://www.

singstat.gov.sg/find-data/search-by-theme/population/population-and-population-structure/latest-data

42. Thiagarajah J, Wong SKM, Richards DR, Friess DA (2015) Historical and contemporary cultural eco-

system service values in the rapidly urbanizing city state of Singapore. https://doi.org/10.1007/s13280-

015-0647-7 PMID: 25851483

43. Gaw LYF, Yee ATK, Richards (2019) A High-Resolution Map of Singapore’s Terrestrial Ecosystems.

Data 4:116. https://doi.org/10.3390/data4030116

44. National Parks Board (2019) Parks and nature reserves. https://www.nparks.gov.sg/gardens-parks-

and-nature/parks-and-nature-reserves

45. Tan KW (2006) A greenway network for Singapore. Landsc Urban Plan 76:45–66. https://doi.org/10.

1016/j.landurbplan.2004.09.040

PLOS ONE Demographic biases in engagement with nature in a tropical Asian city

PLOS ONE | https://doi.org/10.1371/journal.pone.0231576 April 27, 2020 14 / 17

https://doi.org/10.1016/j.landurbplan.2016.11.001
https://doi.org/10.1016/j.landurbplan.2018.03.020
https://doi.org/10.1016/j.landurbplan.2018.03.020
https://doi.org/10.1016/j.jenvman.2017.12.021
http://www.ncbi.nlm.nih.gov/pubmed/29289843
https://doi.org/10.1186/s12966-014-0146-4
http://www.ncbi.nlm.nih.gov/pubmed/25480157
https://doi.org/10.1016/j.marpol.2018.03.013
https://doi.org/10.1016/j.marpol.2018.03.013
https://doi.org/10.1016/j.landurbplan.2007.04.004
https://doi.org/10.1016/j.landurbplan.2007.04.004
https://doi.org/10.1080/09640560802703256
https://doi.org/10.1016/j.landurbplan.2011.05.002
https://doi.org/10.1186/1471-2458-14-19
https://doi.org/10.1016/j.landurbplan.2014.01.017
https://doi.org/10.1016/j.landurbplan.2014.01.017
https://doi.org/10.3390/ijerph110807977
https://doi.org/10.3390/ijerph110807977
http://www.ncbi.nlm.nih.gov/pubmed/25105548
https://doi.org/10.1016/j.jclepro.2015.09.012
https://doi.org/10.1016/j.jclepro.2015.09.012
https://doi.org/10.1002/eap.1748
http://www.ncbi.nlm.nih.gov/pubmed/30179305
https://doi.org/10.1016/j.gloenvcha.2013.10.001
https://doi.org/10.1016/j.gloenvcha.2013.10.001
https://doi.org/10.1016/j.proenv.2015.07.053
https://doi.org/10.1016/j.proenv.2015.07.053
https://doi.org/10.1371/journal.pone.0133781
http://www.ncbi.nlm.nih.gov/pubmed/26222280
https://www.singstat.gov.sg/find-data/search-by-theme/population/population-and-population-structure/latest-data
https://www.singstat.gov.sg/find-data/search-by-theme/population/population-and-population-structure/latest-data
https://doi.org/10.1007/s13280-015-0647-7
https://doi.org/10.1007/s13280-015-0647-7
http://www.ncbi.nlm.nih.gov/pubmed/25851483
https://doi.org/10.3390/data4030116
https://www.nparks.gov.sg/gardens-parks-and-nature/parks-and-nature-reserves
https://www.nparks.gov.sg/gardens-parks-and-nature/parks-and-nature-reserves
https://doi.org/10.1016/j.landurbplan.2004.09.040
https://doi.org/10.1016/j.landurbplan.2004.09.040
https://doi.org/10.1371/journal.pone.0231576


46. Khew JYT, Yokohari M, Tanaka T (2014) Public perceptions of nature and landscape preference in Sin-

gapore. Hum Ecol 42:979–988. https://doi.org/10.1007/s10745-014-9709-x

47. Stigsdotter UK, Grahn P (2011) Stressed individuals’ preferences for activities and environmental char-

acteristics in green spaces. Urban For Urban Green 10:295–304. https://doi.org/10.1016/j.ufug.2011.

07.001

48. Bertram C., Rehdanz K., 2015. Preferences for cultural urban ecosystem services: Comparing atti-

tudes, perception, and use. Ecosyst. Serv. 12, 187–199. https://doi.org/10.1016/j.ecoser.2014.12.011

49. Higgs G, Fry R, Langford M (2012) Investigating the implications of using alternative GIS-based tech-

niques to measure accessibility to green space. Environ Plan B Plan Des 39:326–343. https://doi.org/

10.1068/b37130

50. Han SS (2010) Managing motorization in sustainable transport planning: the Singapore experience. J

TranspGeogr 18:314–321. https://doi.org/10.1016/j.jtrangeo.2009.06.010
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