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Spatial  scale  has  large  impact  on park  provision  and  equity  assessment.
Park  provision  indicators  are  prone  to skewed  distributions.
Skewness  increases  with  smaller  spatial  scale.
Unequal  distribution  of  parks  according  to wealth  and  income  was  observed.
Park  planning  needs  to focus  on smaller  spatial  scale.
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a  b  s  t  r  a  c  t

Urban  parks  are  widely-recognized  to provide  multiple  social  and  ecological  benefits,  but  an  increasingly
number  of  studies  show  that  such  benefits  are  often  inequitably  distributed  across  socio-economic  and
ethnic  groups.  This  has  led  to a growing  interest  in assessing  the  spatial  distribution  and  access  to  parks
and  other  green  spaces  as  an  aspect  of  environmental  justice.  Even  though  such  spatial  studies  require
assessment  at multiple  scales,  how  results  may  be influenced  by scale  has  not  received  adequate  attention.
This study  assessed  the  effects  of scale  on park  provision  and  spatial  equity  in  Singapore.  A  range  of
park  provision  indicators  were  used  to evaluate  how  they  are  affected  by  scale  and  to  explore  their
correlations  with  wealth,  income  and  ethnicity.  Scale  effects  were  assessed  using  planning  units  adopted
for national  land  use  planning,  namely,  region,  planning  area  and  subzone.  Scale  significantly  affected
park  provision  indicators,  particularly  for  indicators  that  incorporate  population.  Correlations  at  larger
ingapore scale  tend  to  be stronger  than  at smaller  scales.  There  were  higher  park provision  and  lower  potential  for
park  congestion  in planning  units  with  higher  wealth  and  income.  Inequity  also  appears  stronger  when
studied  at  smaller  spatial  scales.  Results  also  showed  that  park  provision  indicators  are  prone  to  skewed
frequency  distributions,  especially  at smaller  scales.  The  implications  of  the  results  were  discussed  in
relation  to  spatial  equity  assessment  and possible  causes  of the  disparities.  We also  highlight  the  need  to
direct  park  planning  at smaller  scale  of  neighbourhoods  rather  than  at the town  or  regions  levels.
. Introduction

A high degree of social stratification is a defining feature of
any cities (Boone, 2013). This characteristic can also manifest as
nequality among social groups which has existed long over the
evelopment of human settlements (Pringle, 2014). Of particular

nterest to urban planners and designers is that social stratification
f cities also has strong spatial associations. These can be observed
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as environmental disparities arising from uneven geographic
clustering of socio-economic groups in the city. For instance, over
the past three decades, scholars have studied these disparities
under the rubrics of “environmental justice” and “spatial equity”
(Lucy, 1981; Schlosberg, 2013; Truelove, 1993), focusing initially
on the association of race and income to disproportionate exposure
to environmental disamenities, and in more recent years, expand-
ing the focus to unequal access to environmental amenities such as
transportation, green spaces, and other recreational facilities, etc.

(Schlosberg, 2013). In this paper, we  focus on the distributional
pattern of public parks in Singapore as one type of environmental
amenities to understand its association with wealth, income and
ethnicity arising from its distribution in the city-state.
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The focus of parks in spatial equity studies has emerged strongly
ver the last two decades, as seen in the number of published
apers on this issue in different regions of the world (see Appendix
). These studies point to varying degrees of correlations between
ccessibility to parks with socio-economic status and ethnicity. The
ttention on parks as a public good is not surprising, given that
arks and other forms of urban green spaces are widely recog-
ized to be important elements of cities that can provide multiple
enefits for urban living (Jennings, Larson, & Yun, 2016; Wolch,
yrne, & Newell, 2014). Accessibility to parks and green open spaces

or instance, can be associated with physical activity level, and in
urn influences individual health and well-being (Coombes, Jones,

 Hillsdon, 2010). Parks also foster community network and social
apital (Baur & Tynon, 2010), generate economic value for commu-
ities and cities (Boone, Buckley, Grove, & Sister, 2009; Crompton,
007) and moderate the urban climate (Chen & Wong, 2006).

However, there are still inconsistencies and uncertainties in how
eographic access to such benefits are correlated to race and socio-
conomic status (SES) (used here to refer to the combined effects
f wealth, income, education, and occupation on social standing),
hich weakens the evidence base for effective policy interventions

o address equity issues. For instance, Sister et al. (2010) high-
ighted examples of inconsistencies in the results of various studies,
nd suggested that these inconsistences could be attributed to
everal methodological differences and limitations. These include
he inability of areal unit to represent service area of an amenity,
ggregation errors arising from the modifiable areal unit problem
MAUP), and limitations arising from choice of distance measure-

ents.
MAUP refers to how the choice of spatial scale (i.e., areal sizes

f unit of study) used for analysis affects the strength of statistical
ssociations between variables in a study (Cutter, Holm, & Clark,
996; Openshaw, 1983), which thereby influences the inferences
rawn from the study, and those made between studies. MAUP

s also concerned with “zoning effect”, in which alternative ways
f aggregation of smaller units lead to variations in results (Dark

 Bram, 2007). In spatial equity studies of parks and green spaces
hat we reviewed (Appendix A), MAUP was seldom addressed as an
bjective and its assessment was seldom incorporated as a method-
logical step. Of the 20 studies we reviewed, only two studies
Boone et al., 2009; Zhang, Lu, & Holt, 2011) explicitly examined
he effects of geographic scale on the assessment of equity. Com-
arability of studies is also made more complicated by the fact that
here are large differences between studies in the geographical
izes and the populations represented within these spatial units
sed for analysis. For instance, studies in the US generally used
ensus blocks, census block groups and sometimes census tracks
see Abercrombie et al., 2008; Nicholls, 2001; Wolch, Wilson, &
ehrenbach, 2005), whereas studies elsewhere used a range of
dministrative or planning boundaries. Populations represented
ithin census block groups and census tracks range from 600 to

000, and 1500 to 8000 people, respectively, and areal size of census
locks and tracks are also highly variable (http://www.census.gov).

n contrast, studies in the United Kingdom tend to use “census out-
ut areas” (Barbosa et al., 2007; Comber, Brunsdon, & Green, 2008)
hich have populations of around 300 (http://www.ons.gov.uk/).

n the studies by Oh & Jeong (2007), “regions” in Seoul were used for
omparison, and these have populations between 0.57 million and
.4 million, and sizes between 56 sq km and 171 sq km.  A similar
tudy by Park et al. (2013) for Seoul used “boroughs”, which seemed
o be of different administrative classification and size compared

o “regions”. In Australia, Shanahan et al. (2014) studied access to
reen spaces in Brisbane using 1 × 1 sq km grid, whereas Timperio,
all, Salmon, Roberts, & Crawford, 2007 studied Melbourne using
ostal districts which are between 5.5 to 29.7 sq km in area.
ban Planning 158 (2017) 139–154

Scale effects on spatial equity assessment of parks within a city
are thus not well-understood, and how they affect comparability
of, and the ability to draw generalizations across studies are also
unclear. Scale influences on spatial studies is in fact an already well-
recognized phenomenon in spatial studies. For instance, MAUP was
already described in the 1930s and has since then been recognized
as an important issue in quantitative analyses in studies on human
and physical geography (Dark & Bram, 2007; Zhang, Lin, Chen, Li, &
Zeng, 2014). In landscape ecology, scale has also emerged in more
recent years as an important consideration for assessment of land-
scape heterogeneity on landscape processes and functions (Jelinski
& Wu,  1996; Wu,  2004). In spatial equity studies, Bowen & Laroe
(2006) showed that the choice of spatial unit of analysis between
census track and county can lead to markedly contrasting cor-
relations between toxic releases of chemicals and socioeconomic
variables. For equity assessment of parks, Boone (2013) showed
that results differ between analysis at the scale of City of Baltimore
compared to Metropolitan Baltimore, and the authors concluded
that scale effects need to be considered in spatial equity research.
Fotheringham & Wong (1991) and Wong (2004) also suggested that
studies should report results from use of different areal units to
understand their effects on statistical analyses.

In this study, we examined the effects of scale on the assessment
of park distribution and spatial equity of parks in the city-state of
Singapore. As equity is a term that embeds several related con-
cepts, such as distribution of a service in relation to equality of
provision, as well as the need, demand and willingness to pay for
a service (Lucy, 1981), its use in this paper has to be defined. We
refer to spatial equity of parks in this study as the equality of oppor-
tunity to access to parks and benefit from its usage independent
of socio-economic status and locality of residence. The focus on
Singapore is motivated by several reasons. Firstly, Singapore as
with many rapidly developing countries, has a recognized rising
income inequality challenge to manage (Tan, 2012), but whether
inequity issues also manifest spatially with respect to access to
parks and other key urban amenities has yet to be widely under-
stood. This might be expected as income disparities tend to be also
associated with spatial segregation in housing and neighbourhood
environmental quality (Reardon & Bischoff, 2011).

Secondly, Singapore has specific policies that tend to attenu-
ate spatial disparities across ethnicity and income. For instance,
one initiative is to simply provide more parks through land use
planning. Over the last four to five decades, Singapore has placed
considerable emphasis in the provision of parks and green spaces
as part of its overall development approach (Neo, Gwee, & Mak,
2012; Tan, Wang, & Sia, 2013). It is well-regarded as a city with a
successful urban planning history (Goldblum, 2008; Yuen, 2011),
made possible by a strong land use framework which also consid-
ers the provision of parks and green spaces. The emphasis on park
provision is reflected in the progressive increase in park provision
ratio (PPR, the ratio of park area to population) as a national land
use planning parameter used by the national land use planning
authority. PPR has increased from 0.13 ha/1000 person in 1971,
to 0.36 ha/1000 in 1977 and to the current 0.8 ha/1000 in 1989
(Tan, 2016). In addition, Singapore has a long-standing policy of
preventing racial enclaves from forming in residential areas as a
strategy to promote racial harmony and integration and Singapore’s
multi-cultural identity (Chua, 2003). Through the “Ethnic Integra-
tion Policy” introduced in 1989 (Chua, 1991; Tan, 2005), a racial
mix  quota in public housing estates is maintained to prevent any
ethnic group from dominating the population of residential estates

when compared to the overall ethnic composition in Singapore.
This ensures a more homogeneous spread of the ethnic groups in
public housing estates, which currently house 80% (http://www.
singstat.gov.sg/statistics/latest-data) of the total population. If eth-
nic groups are spatially dispersed, this should logically reduce
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isparities in physical access to different services across these
roups. With the emphasis on park planning and ethnic mix  in
ousing areas, it is useful to examine if such policy interventions
ave been effective in preventing disparities in park access and
rovision across ethnic groups and SES groups widely reported

n the literature (Appendix A). Insights on the efficacy of policies
n Singapore could also inform policies and programmes in other
ities that are aimed at managing the increasingly documented
henomenon of environmental injustice.

Thirdly, Singapore adopts a high-rise, high-density compact
rban development form, and with the exception of Seoul, contrasts
tarkly with other cities in Appendix A which are generally more
prawling or have much lower population densities. The implica-
ions of such high density and compact characteristics of urban
orm on park accessibility are still unknown. The assessment of
patial equity in Singapore could thus hold some useful lessons for
merging highly-density cities in the rapidly urbanizing areas of
ast and Southeast Asia.

The primary question for this study is: how does scale affect
ark distribution and equity assessment in Singapore, and what

essons could be drawn to inform spatial equity studies of parks.
he secondary question is that given the urban planning, socio-
olitical context, and urban form of Singapore, is there evidence of
patial inequity of public parks in Singapore?

. Methodology

The specific objectives of this study were: (1) to understand the
patial distribution of parks in Singapore and how park provision
ndicators are affected by scale, and (2) to evaluate park distribution
n relation to wealth, income and ethnicity, and to understand if
ifferences are observed across different scales

.1. Study area

The study considered all public parks that are officially gazetted
n the national land use plan of Singapore, a city-state of 719
q km.  Singapore’s population density is 7697 person per sq km
http://www.singstat.gov.sg/statistics/latest-data). The population
ensity is very high as a country, but moderately high as a city and
hich is comparable to cities like Shanghai and Hong Kong. Park
lanning is primarily guided by land use allocation of park land in
he national Master Plan, a statutory land use plan to guide land
se development over a time horizon of five to ten years (https://
ww.ura.gov.sg/maps/). In the Master Plan, land gazetted as park

and is based on planning parameter of 0.8 ha/1000 person (PPR),
hich has been set as a target since 1989. This definition of park

xcludes other public green spaces which may  be present in the
esidential areas and other land uses. These have been excluded
rom this study as these spaces are not permanent, i.e., they could
e developed with estate renewal, and location and size informa-
ion on such green spaces are not available. For public residential
states, provision target of town park (5–10 ha) and neighbour-
ood parks (1–1.5 ha) are also used for towns and neighbourhoods,
espectively (Yuen, 1995) and these are incorporated in the com-
utation of PPR. New planning targets were also recently put in
lace. In 2014, the report “Land Use Plan to Support Singapore’s
uture Population” announced a new target of 85% residents to be
ithin 400 m to a park to be achieved by 2030 (MND, 2013). This
as updated in 2015 with a new target of 90% of household to be

ithin 10-min walk from a park by 2030 (SSB, 2015). PPR is calcu-

ated by aggregating all park areas divided by total population at
he national level. However, information on the inventory of parks
ncluded in this calculation is not available in the public domain.
or assessment of 90% of household to be within 10-min walk from
ban Planning 158 (2017) 139–154 141

a park, it is also not clear how this is calculated, e.g. what type of dis-
tance is used (Euclidean or network distance), what types of parks
are included, and how data is aggregated.

For assessment of scale effect, the study used three levels of
planning units adopted in the national land use plan (https://www.
ura.gov.sg/uol/master-plan/Contacts/View-Planning-Boundaries.
aspx): subzone (SZ), planning area (PA), and planning region
(REG). Subzone, the smallest unit, is centred around a residential
neighbourhood centre or activity node. There are 323 subzones
in Singapore. Several SZs constitute a PA, which has population of
around 150,000, a town centre and several neighbourhood centres.
There are 55 PAs in Singapore. Several PAs form a REG, for which
there are 5, and each REG has a population of around 500,000. Each
REG has a regional centre and is composed of a mix  of residential,
business, commercial and recreational areas. The distribution and
relative sizes of region, planning area and subzones are shown in
Fig. 1(a).

2.2. Data sources and management

The main information source of planning unit boundaries and
public parks are Master Plan 2014 (MP  2014) (https://www.ura.gov.
sg/maps/), government data portal (www.data.gov.sg) and OneMap
(http://www.onemap.sg/index.html), an online repository of pub-
lic sector location-based services and spatial information. For
planning unit boundaries, as shapefiles were only available from
Master Plan 2008, these were used and updated manually through
comparison with MP  2014. As many of the planning units do not
contain residences (such as those for nature reserves, military train-
ing areas, industrial areas, etc.), we excluded PA with population
less than a 1000 people, and SZ less than 100 people, as small pop-
ulations can lead to outliers for population-based park provision
indicators. Thirty five PA and 219 SZ were eventually included for
analyses in the study.

To derive shapefiles of parks, Adobe Photoshop CS6 (San Jose,
California) was used to extract boundaries of parks from high res-
olution JPEG raster maps of MP  2014 using the Red-Blue-Green
(RGB) information of the colour code used to designate parks in
MP 2014. The boundaries were georeferenced in ArcGIS Desk-
top 10.2 from ESRI (ESRI, Redlands, California, USA) using WGS
1984 UTM Zone 48N as the projected coordinate system, exported
into polygons, then verified and adjusted through a compari-
son with MP  2014. As parks shown in MP  2014 also include
planned but unbuilt parks, these were identified through com-
parison with OneMap and excluded from all subsequent analyses.
MP 2014 also contains “interim greens”, which are vacant green
land awaiting future development but which have been con-
verted to recreational uses, as well as “park connectors”, which
are linear parks about 6 m in width designed to connect differ-
ent parks in Singapore (https://www.nparks.gov.sg/gardens-parks-
and-nature/park-connector-network). The central water catch-
ment area was also excluded as its large size exerts a strong
influence of park provision indicators of neighbouring planning
units and not all areas of the catchment area are open for recre-
ational uses. Likewise, only parks on the main island of Singapore
were considered in this study. For derivation of park provision indi-
cators (section 2.3), indicators using total park area were derived
with total park area as the sum of built parks, interim greens and
park connectors; indicators involving assessment of park service
area excluded park connectors as these are extensive but provide
limited park activities. To extract polygons of residential land from

MP 2014, a similar process of extraction using RGB information
through Adobe Photoshop CS6 was  used.

Population size, demographic data (ethnicity), and population in
different types of housing at the PA and SZ were sourced from “Cen-
sus of Population 2010 Statistical Release” and “Population Trends
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ig. 1. Distribution of (a) planning units: region, planning area and subzones, (b) pa
er  capita park area (SPCPA), and (f) person per park area. Figures for (b) to (f) are 

reaks  (Jenks) in ArcGIS.

014” from the Department of Statistics http://www.singstat.gov.
g/publications/publications-and-papers. Housing type (“public”
ersus “private”) is used as an indicator of wealth. In Singapore,
ome ownership is a long-term investment good and forms an
asset-based social security system” (Chua, 2014). The size of the
nancial asset, or wealth, is differentiated by the types of housing
wned, with strong disparities between private and public housing.
o identify PA and SZ which have predominantly public residential

r private residential households, a threshold of 0.5 was used to
lassify the planning units as “public” or “private” based on ratio
f land within the planning unit that is marked for public housing
“HDB dwellings”) or for private residential development (“Condo-
 ratio (PAR), (c) per capita park area (PCPA), (d) park service area (PSA), (e) serviced
ta at subzone scale and show the groupings of the variables determined by natural

miniums and other apartments”, “Landed properties” and “Others”)
to the total residential area. As representative income by plan-
ning units is not available, income was estimated through income
by housing type using the average “annual household income
per household member among resident employed households” for
each housing type extracted from “Key Household Income Trends
2013” (Department of Statistics). The income for each planning
unit was  then determined through weighting of proportion of pop-

ulation in different housing types within the planning unit. The
population of the four main ethnic groups (Chinese, Malay, Indian
and Others) in each planning unit for 2014 was estimated from
“Census of Population 2010 Statistical Release” as only this data



nd Ur

s
T
m
w
i
t
t
m

2

d
s
r
(
s
p
i
h
T
d
v
m
s
(
i
n
u
i
P
t
u
i
f
p
p
p
T

i
p
a
c
i
a
o
c
a

2

s
d
w
t
w
N
d

q
o
e
e
w

P.Y. Tan, R. Samsudin / Landscape a

et contains population of each ethnic group in each planning unit.
he proportions of each ethnic group in a planning unit was deter-
ined from the Census of Population 2010, and these proportions
ere then multiplied with the total population of the correspond-

ng planning unit from population data of 2014. We  believe this
o be a reasonable method as proportion of ethnic groups is con-
rolled by the Ethnic Integration Policy and there should not be

arked changes within four years.

.3. Park provision indicators

To understand the effects of scale on equity assessment of park
istribution, we used a wide range of park provision indicators to
tudy possible differences. These are: (1) Park Area Ratio (PAR):
atio of park area to planning unit area; (2) Per Capita Park Area
PCPA): park area per person within planning unit (ha/1000 per-
on); (3) Serviced Per Capita Park Area (SPCPA): park area per
erson for households within the park service area of parks located

n the planning unit boundary (ha/1000 person), i.e. excluding
ouseholds which are not serviced by parks within a 400 m buffer.
he difference between PCPA and SPCPA reflects the impact of park
istribution on the proportion of households covered by the ser-
ice area of parks (next indicator). Whereas PAR indicates how
uch park area is available relative to land area, PCPA and SPCPA

how park area relative to the population; (4) Park Service Area
PSA): ratio of residential land area within a planning unit which
s serviced by parks to the total residential land area of the plan-
ing unit. The service area of park is determined by a commonly
sed service buffer of 400 m distance from the edge of a park and

s a commonly used accessibility indicator for parks; (5) Person
er Unit Park Area (PPPA): the number of person in the residen-
ial area covered by PSA per 8 sqm of park area within a planning
nit (person/8 sqm of park). At the national level, park provision

s planned at 0.8 ha/1000 person (8 sqm per person); PPPA there-
ore gives an indication of whether there is “congestion” within the
ark, i.e. higher than one person per 8 sqm based on the national
lanning parameter. This indicator is adapted from the potential
ark congestion index developed by Boone et al. (2009). Please see
able 1 for summary of these indicators.

For PAR, PCPA and SPCPA, which are indicators that define phys-
cal provision of parks (normalized by planning unit land area or
opulation), park area used is limited to parks within the bound-
ries of the planning units. For PSA and PPPA, which are park service
overage (or accessibility) and congestion related indicators, we
ncluded parks outside the boundary of a planning unit if the service
rea of these parks cover residential land inside the planning unit
f interest. This helps to avoid the problem of “boundary effects”
ommonly encountered in measuring park service coverage and
ccessibility (Zhou & Kim, 2013).

.4. Data analysis

To access if there is spatial autocorrelation of parks at the city
cale, Moran I of ArcGIS 10.2 was determined based on park area
ata. The Moran’s I index was 0.01 (p = 0.16), indicating that parks
ere not spatially clustered. All other statistical analyses (descrip-

ive statistics, tests of normality and skewness, and correlations)
ere conducted in IBM SPSS Statistics 22 (IBM Corporation, Somers,
ew York, USA). For correlations, non-parametric analysis was  used
ue to non-normal distributions of most variables.

Our analyses focused on three main aspects: assessment of fre-

uency distribution of variables used in the study, an assessment
f current state of park provision in Singapore, and assessment
quity through comparison of park distribution in relation to socio-
conomic and demographic variables. In all three areas of analyses,
e explored the effects of scale on the results. We  further elabo-
ban Planning 158 (2017) 139–154 143

rate on the analyses on current park provision in Singapore. The
analyses focus on: (1) how does park area vary with land area and
population, (2) how do the park provision variables (PAR, PCPA,
SPCPA, PSA, PPPA) vary with population density, and (3) how do
these variables vary across different spatial scales. Question (1) is
motivated by the fact that in park provision planning for the city,
the amount of park area should logically increase with population
of planning units which the parks are meant to serve. There should
also be a proportionate relationship between park area and land
area in which people are housed. For question (2), given that pop-
ulation density is frequently cited as a driver of decreasing urban
green spaces, for instance in per capital green space (Tian et al.,
2011), per capita vegetation cover (Tan et al., 2013), percentage of
green space coverage within city (Fuller & Gaston, 2009), increasing
population density should also have some relationships with park
provision indicators. For all these areas, possible differences in the
relationships across the three planning units, and if the variables
vary across these scales (question 3) were assessed. We  also com-
pared the results at different scales with national park provision
targets for PCPA and PSA.

3. Results

3.1. Frequency distribution of variables

Income distribution in most economies are usually positively
skewed (Blakely & Kawachi, 2001; Ha, 2012) that is, income dis-
tribution is dominated by more individuals (or households) with
lower income and fewer individuals or households with dispro-
portionately higher incomes, leading to income inequality. Skewed
distributions of the key variables of interest in this study may thus
also indicate unequal distributions across planning units and influ-
ence the methodology for subsequent comparisons. It is clear from
the results (Table 2) that all variables: area of planning unit (land
area), total area of parks in planning unit (park area), annual house-
hold income per household member (ANI), population density (Pop
Den), park area ratio (PAR), per capita park area (PCPA), serviced per
capita park area (SPCPA), park service area (PSA), and person per
unit park areas (PPPA) are non-normal at the subzone and planning
area level (at p < 0.1). Non-normality is also affected by scale of anal-
ysis. It is strongest at the subzone level, and weakest at the region
level, at which only land area and PAR and SPCPA are non-normal.

The level of skewness indicated by the value of skewness
index/standard error of skewness (using the common threshold
value of ±2), also corroborates the results of the normality tests.
Two important observations can be made in relation to skewness,
Firstly, all variables with the exception of PPPA (at region scale) and
PSA (at planning area and subzone scales) are positively skewed
(Table 2). Therefore, across the three planning unit scales, almost
all the variables on park provision (park area, park area ratio, park
on per capita basis) are dominated by planning units with park pro-
vision values lower than the mean. Secondly, skewness increases
as the size of planning unit decreases from region to planning area
to subzone, with skewness particularly high for many variables at
the subzone scale.

Given the non-normal and highly skewed frequency distribu-
tions of the variables, subsequent analyses relied on the median
rather than the mean as the median is a more robust measure of
central tendency of variables (Fielding & Gilbert, 2006). Among all
variables, population density, PSA and ANI have the least skewed

distributions across different planning units. This is also shown
when comparing the means and medians of variables (Table 3). For
these variables, the medians were also used for analyses for consis-
tency in data management. In addition, as population rather than
sample information was  analysed, statistical tests of significance
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Table 1
Indicators used to assess park provision at different planning unit scales (region, planning area, subzone).

Indicator (Abbreviation) Unit Measurement

Park area ratio (PAR) dimensionless ratio of park area to planning unit area
Per  capita park area (PCPA) ha per 1000 person park area per person within each planning unit (park area of

planning unit divided by population of planning unit)
Serviced per capita park area
(SPCPA)

ha per 1000 person park area per person in households within the park service
area (PSA) of parks (park area divided by population covered
by PSA in the planning unit)

Park service area (PSA) dimensionless ratio of residential land area in planning unit within a service
buffer of 400 m from the edge of park to the residential land
area of planning unit

Person per unit park area
(PPPA)

person per 8 sq m
of park

number of person in the park service area (PSA) per 8 sq m of
park in the planning unit (number of person in planning unit
covered by PSA divided by park area in planning unit
multiplied by 8)

Table 2
Shapiro-Wilkinson test for normality of variables in this study: land area, park area, population density (POP DEN), annual household income per household member (ANI),
park  area ratio (PAR), per capita park area (PCPA), service per capita park area (SPCPA), ratio of population within park service area (PSA), and person per 8 sqm of park
area  (PPPA) at different planning unit scales. The numbers indicate Shapiro-Wilkinson statistic (SW) (p value), and Skewness/standard error of skewness (SK/SE) at different
planning units. A SK/SE of >2 is interpreted as being skewed.

Planning Unit Land Area Park Area POP DEN ANI PAR PCPA SPCPA PSA PPPA

Region SW 0.752
(0.031)

0.859
(0.23)

0.956
(0.78)

0.905
(0.44)

0.784
(0.060)

0.974
(0.90)

0.801
(0.082)

0.972
(0.89)

0.949
(0.73)

SK/SE 2.13 1.64 0.193 −0.355 1.81 0.641 1.90 0.604 −0.813
Planning Area SW 0.921

(0.015)
0.837
(<0.001)

0.946
(0.088)

0.763
(<0.001)

0.872
(0.0010)

0.600
(<0.001)

0.649
(<0.001)

0.918
(0.013)

0.649
(<0.001)

SK/SE 2.00 2.83 1.09 3.57 3.48 8.00 13.2 −2.57 6.44
Subzone SW 0.784

(<0.001)
0.483
(<0.001)

0.928
(<0.001)

0.854
(<0.001)

0.597
(<0.001)

0.269
(<0.001)

0.566
(<0.001)

0.866
(<0.001)

0.566
(<0.001)

SK/SE 16.7 22.2 3.46 3.63 17.3 35.2 22.3 −3.99 22.2

Table 3
Median (mean) of population density (POP DEN), annual household income per household member (ANI), park area ratio (PAR), per capita park area (PCPA), serviced per
capital  park area (SPCPA), ratio of population within park service area (PSA), person per 8 sqm of park area (PPPA) at different planning unit scales. City level information is
also  included for comparison.

Planning Unit POP DEN
(person/sq km)

ANI ($SGD) PAR PCPA (ha/1000
person)

SPCPA
(ha/1000
person)

PSA PPPA (person/8
sqm)

City 13,290 35,080 0.052 0.394 0.485 0.716 0.948
Region 13,160

(14,400)
34,430
(34,840)

0.049
(0.053)

0.374
(0.391)

0.390
(0.470)

0.718
(0.718)

1.320
(1.16)

w
T
o
t
p
v
c

3

r
o
s
p
t
a
a

t
u

Planning Area 13,310
(12,930)

34,320
(40,620)

0.038
(0.046)

Subzone 13,250
(13,470)

35,370
(43,030)

0.014
(0.041)

ere not used to examine differences or strength of correlations.
his was with the exception of the analyses of linear regression
f park provision variables with percentile income, which were
reated as samples of many possible ways of creating interval sam-
les for income, and for correlations of income with park provision
ariables as income was weighted by housing types, for which there
ould be other methods of weighting to produce income data.

.2. Relationship between variables

As earlier described, park provision should have proportionate
elationships with land area and population, and as with other types
f green spaces, could exhibit correlations with population den-
ity. This section describes the results on (1) relationships between
ark area and land area and population of planning units, (2) rela-
ionships between park provision variables and population density,

nd (3) how such relationships are affected by the scale used for
nalyses.

There is an apparent effect of planning unit scale on the rela-
ionships of park area with land area and population of planning
nits (Fig. 2). Park area increases with land area and population of
0.282
(0.547)

0.261
(0.806)

0.742
(0.671)

0.813
(1.87)

0.0987
(2.01)

0.104
(2.05)

0.724
(0.633)

0.809
(1.84)

the planning units. The Spearman correlation coefficients show a
monotonic relationship between park area and land area, which is
strongest at the region level and weakest at the subzone level. A
similar pattern is seen in the relationship between park area and
population, but a monotonic relationship is not visible at the sub-
zone level. Stronger associations are thus associated with larger
scale of assessment.

When different park provision variables were compared with
population density (Fig. 3), several key observations were noted.
Firstly, correlation coefficients are highest at the region level and
weakest at the subzone level, highlighting that at smaller planning
units, there is much more scatter or heterogeneous relationship
between these variables and population density. Secondly, these
variables show different patterns of correlation with population
density: park area, PCPA and SPCPA (not shown) decrease with
increasing population density, whereas PSA, PPPA and PAR increase

with population density. PCPA shows a consistent relationship
across scales, which is to be expected as within a planning unit,
as the number of people increases, amount of park area per person
decreases. PSA on the other hand, tends to increase with population
density at the region and planning area scales, which indicates that
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ig. 2. Relationship between (a) park area and land area, and (b) park area and pop
pearman’s rho (�) indicates the strength of association between the pairs of variab

lanning units with larger population that are more concentrated
n an area tend to have more households which are included in park
ervice areas. This will also suggest that PPPA should increase with
opulation density, i.e. more people are concentrated on a unit park
rea, which is shown in Fig. 3(ei, eii).

The medians of several variables also show variations with
cales. While there are no large differences between the planning
nits for population density, PSA and ANI, the other variables are
learly lower at smaller planning units (Table 3). It is also notewor-
hy that means showed a different pattern compared to medians for
everal variables: mean of PAR do not show large differences across
patial scales, in contrast to median, whereas means of PCPA and
PCPA increase with smaller scale but medians decrease with larger
cale. SPCPA as expected is higher than PCPA as it only includes
ouseholds included within park service areas. As PSA tends to
e similar across spatial scales, the variations of PCPA and SPCPA
herefore exhibit similar magnitudes of changes from region to
lanning area to subzone. In general, analyses at larger scales show
igher park provision than at lower scales.

Park provision variables thus have different sensitivities to scale,
nd the choice of scale used to assess if planning standards have
een met  can provide contrasting information. This is apparent for
CPA (equivalent to PPR) when it is compared to national park pro-
ision target of 0.8 ha/1000 person. PCPA at subzone scale indicates

 much lower level of attainment of the national target than would
CPA at region and city scale (Table 3): PCPA at the region scale is
lmost four times higher than at the subzone scale. On the other
and, PSA, when used as an approximation of the percentage of
ousehold serviced by parks shows that the Singapore is close to

ts target of 0.9 regardless of scale. The number of planning units
chieving these targets also reveal different information. For PCPA,
he percentage of subzone achieving PCPA equal or higher than 0.8
s higher than those at planning area level, and no planning units

t the region scale achieve the targets (Fig. 4a). A similar pattern is
lso seen for planning units achieving PSA targets (Fig. 4b). Overall,
ess than 35% of planning units achieve the national park planning
AREA SUBZONE 

n at (i) region (REG), (ii) planning area (PA), and (iii) subzone (SZ) scale of analysis.

and provision target of 0.8 ha/1000 person and 90% of households
within a park service area.

The spatial distributions of the park provision indicators are
shown in Fig. 1(b-f). Overall, three key points can be highlighted:
(1) scale of analyses (region, planning area or subzone) dictates the
extent to which park area increase with land area and population;
(2) park provision variables have different patterns of correlation
with population density, and these patterns are in turn affected
by scale used for analyses; and (3) choice of scale influences the
extent to which park provision are deemed to have met targets
when compared to national park planning parameters.

3.3. Assessment of park distribution with socio-economic and
demographic variables

Next, we assessed if the spatial distribution of parks is correlated
with SES, focusing on relationships with housing type as an indica-
tor of wealth, annual household income, and ethnic compositions
of planning units.

Park provision variables are generally higher in residential areas
that are dominated by private housing than public housing. The
number of planning units which meet the national targets of
0.8 ha/1000 person, and planning units with 90% of households
within 400 m from a park are higher in private compared to public
estates (Fig. 4). The differences between public and private estates
are more than twice at the planning area level for both variables,
whereas the disparities are lower at the subzone level. Median
PCPA is higher in private than public housing estates (Fig. 5d, e).
This can be attributed to more of an effect of higher population
density (Fig. 5a) rather than lower park area, as public housing
areas have higher park area as a proportion of land area (PAR)

(Fig. 5c). PPPA on the other hand, is more than twice in public com-
pared to private estate (Fig. 5f), suggesting that parks serving public
residential estates are potentially more crowded than in private
estates. Overall, park provision and proportion of residential area
served by parks are lower in estates with more public than private
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trength of association between the pairs of variables.
ouseholds. There are no consistent differences in these disparities
hown in different indicators between scales.

Additional correlations between park provision and annual
ousehold income per member of the household (ANI) were also
rk area ratio (PAR), (c) park area per person (PCPA), (d) area of planning unit served
 area (PA), and (iii) subzone (SZ) scale of analysis. Spearman’s rho (�) indicates the
conducted. Given that housing type shows strong differences in
median ANI (Fig. 5b), significant correlations between income and
park variables could be expected. However, Table 4 shows that
there are no strong consistent patterns across the different planning
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Table  4
Spearman rank correlation between park area, population density (POP DEN), park area ratio (PAR), per capita park area (PCPA), ratio of population within park service area
(PSA), person per 8 sqm of park area (PPPA) at different planning unit scales with annual household income per household member at different planning units. Values in
table  are correlation coefficient (p value).

Planning Unit Park Area POP DEN PAR PCPA PSA PPPA

Region 0.90 (0.04) −0.70 (0.19) −0.10 (0
Planning Area −0.36(0.036) −0.50(0.0020) −0.33(0.
Subzone −0.010(0.90) −0.67(<0.001) −0.057(0
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Fig. 4. Percent of planning units (region (REG), planning area (PA), subzone (SZ)) that
meet the park provision indicator of (a) median park area per person (PCPA) equal to
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Shanahan, Lin, Gaston, Bush, & Fuller, 2014), distance to public
r  higher than 0.9. Each planning unit is separated by those that have predominantly
ublic and private housing. None of the five regions (REG) meets the park provision

ndicators.

nits, although there are more statistically significant correlations
etween income and park provision variables at the smaller plan-
ing unit of subzone and planning area than at region scale. Park
rea increases with income at region scale but decreases at planning
rea scale. Population density shows strong negative relationship
ith income, which supports the observation in Fig. 5(a, b). PAR
ecreases with income at planning area scale, PPPA decreases with

ncome at subzone scale, whereas PCPA increases with income at
ubzone scale. When income is classed into deciles, a linear rela-
ionship between income and PCPA is observed at all scales, but
his is only statistically significant at the subzone scale (Fig. 6). No
inear relationship can be observed for decile income with PAR and
SA (data not shown). Overall, the results show that it is only at
he smaller scale of subzone where higher income correlates with
igher park area per person (PCPA), and correspondingly, smaller
umber of people per unit park area (PPPA).
To evaluate if the four ethnic groups have different spatial access
o parks, the ratio of population of each ethnic group in a subzone
o the population of that ethnic group in the whole city was calcu-
ated, and these ratios were compared across different PSA levels
.87) 0.60 (0.29) −0.10(0.87) −0.60 (0.29)
050) −0.084(0.63) 0.010(0.95) −0.27 (0.13)
.41) 0.18 (0.010) 0.037(0.58) −0.34(<0.001)

categorized into deciles. As shown in Fig. 7, there were no large
differences among ethnic groups across different PSA percentiles,
except at the 90th percentile where the proportion of Malays in
the subzone to total population of Malays in the city is relatively
lower than for other ethnic groups. Overall, in subzones from low
to high PSA, there are comparable proportions of each ethnic group
within these subzones, i.e., no ethnic groups seem to experience
comparatively lower or higher access to PSA levels. On the whole,
there is no evidence to suggest that the minority ethnic groups are
disadvantaged in terms of spatial access to parks.

4. Discussion

The results provide several insights which we believe are impor-
tant for adequacy and spatial equity assessment of parks in cities.
Park provision indicators tend to have skewed distributions, and
therefore the choice of the statistical assessment of central ten-
dency (mean or median) will determine the outcome of park
adequacy and equity assessment. Scale effects also clearly influence
the assessment of park provision using a wide range of park provi-
sion indicators. In particular, the use of larger spatial scales tends
to suggest more favourable and equitable park provision than at
the neighbourhood scale. These results have implications on park
planning in cities. We  further discuss the implications, possible fac-
tors contributing to the results and highlight areas needing further
research.

4.1. Understanding frequency distributions and the effects of
aggregation

The median rather than mean is often used to report the cen-
tral tendency in the income data, such as for income inequality
assessment or income improvement over time (for instance, see
(The Economist, 2016)). Like income data, all park provision indi-
cators have skewed distributions at the planning area and subzone
levels, and using means rather than medians for comparisons will
lead to different conclusions. For instance, for all indicators except
for park service area (PSA) at the subzone level, the means are two
to four times higher than the medians, and using the means will
falsely show that the “typical” park provision is higher than what
they are. In fact, at the subzone level, mean PCPA of 2.006 ha/1000
person will indicate that the national park provision parameter of
0.8 ha/1000 person has been exceeded, whereas the correspond-
ing median PCPA (0.099 ha/1000 person) is one order of magnitude
lower than the mean and far lower than the national planning
parameter. In contrast, mean PPPA will show far higher conges-
tion than suggested by the median at all scales when compared to
the benchmark of 1 person per 8 sqm.

Other studies have shown that a range of park provision indi-
cators can have skewed distributions, for instance, for total public
parkland area (equivalent to park area) (Abercrombie et al., 2008;
green space (Barbosa et al., 2007; Kessel et al., 2009), and propor-
tion of population within service area (equivalent to PSA) (Nicholls,
2001). However, of the 20 studies we  reviewed in Appendix A,
only two  studies used median and non-parametric tests due to
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Fig. 5. Demographic, SES and park provision indicators for planning units that have predominantly public and private housing for planning area (PA) and subzone (SZ): (a)
population density, (b) annual household income per household member, (c) park area ratio (PAR), (d) park area per person (PCPA), (e) area of planning unit served by parks
(PSA), and (e) person per 8 sqm of park area (PPPA). Medians are used for all variables.

PA: y = 0.0043x  + 0.3282
R² = 0.1271;  p=0.312

SZ: y = 0.0713x - 1.2096
R² = 0.5669;  p=0.012

REG: y = 0.0026x + 0.3018
R² = 0.7529; p=0.132
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ig. 7. Proportion of population of ethnic group in subzone (SZ) to total population

on-normal distributions (Nicholls, 2001; Talen, 1997), one study
eclassified data into percentile groups due to non-normal distri-
ution (Abercrombie et al., 2008), and three studies transformed
on-normal data prior to statistical analyses (Barbosa et al., 2007;
andry & Chakraborty, 2009; Shanahan et al., 2014). Yet our study
hows that in fact, a wide range of park provision indicators can
e skewed (all six indicators in our study), and these include PCPA,
AR and PSA, which are commonly used indicators in many dif-
erent park distributional studies. Our results also suggest that
istribution of data collected from smaller spatial scales, such as
t census track level, are more prone to skewness. We  therefore
uggest that examining frequency distributions of parks variables
hould be a necessary step in park distributional studies and spatial
quity assessment.

Our results are also consistent with what is usually known about
ffects of aggregating data from small to larger spatial scale: corre-
ations are stronger and variation of data points is lower at larger
han smaller scales (Cutter et al., 1996). This is shown very clearly
n higher Spearman correlation coefficients between variables at
egion level rather than at planning area and subzone levels in
igs. 2 and 3. This observation has been described as the “second law
n geography”, in that “everything is related to everything else, but
hings observed at a coarse spatial resolution are more related than
hings observed at a finer resolution” (Wu,  2004). That is to say, data
ggregated at higher resolution tends to mask variations at lower
patial scales. Conversely, stronger correlations at larger spatial
cale may  falsely suggest the presence of similar patterns at smaller
cales. For instance, our results show a strong correlation between
ark area and population. This is desirable pattern, as the area of
arks should correspondingly rise with increasing populations they
re meant to serve. This is only observed at the scale of a town (plan-
ing area) and scale of several towns (region) and not at the scale of
he neighbourhood (subzone). However, it can be argued that such

 relationship at the neighbourhood level is more important for the
aily living experience rather than at the scale of town or several
owns. This is because park usage is habitual and localized, in the
ense that most residents tend to only use nearby parks rather than
ll parks in a region due to a “distance decay effect” (Lara-Valencia

 García-Pérez, 2015; Sister, Wolch, & Wilson, 2010; Zhang et al.,

011). Therefore, strong correlations between area of parks and
opulation at the region and planning area scales do not mean
hat benefits of higher park area with increasing population are
ecessarily translated to positive benefits for daily living of com-
unities at the neighbourhood level. Relationships between park
ntile of  Subzone s

nic group in city in SZs with different percentiles of park service area (PSA) levels.

area and population would be more meaningfully understood at
neighbourhood scale. The need to adopt a smaller spatial scale for
spatial studies has also been suggested in other studies. For expo-
sure to environmental health hazards, Maantay (2002) argued that
it is necessary to assess such exposure at smaller spatial scales
as data aggregated at city or county scale will be less reliable in
identifying affected populations than at the neighbourhood scale.
In the study of childcare facilities, Truelove (1993) also reported
that the larger the area of analysis, for instance, at local munici-
pality scale compared to smaller scales such as electoral districts
or census tracks, the more equitable the provision of childcare will
appear. Our results suggest that generally, larger the scale, the bet-
ter park provision appears for some indicators (higher PAR, PCPA
and SPCPA).

The lack of positive correlation between population and park
area at the neighbourhood (subzone) scale, together with lower
median park provision indicators at this scale (compared to plan-
ning area and region scale) also suggests that park provision
planning in Singapore has not adequately considered park pro-
vision at the neighbourhood scale. A telling consequence is that
park provision indicators are generally less favourable at the neigh-
bourhood scale than at scale of town or several towns. Using the
appropriate scale for analysis could thus influence the ability to
identify important spatial patterns for interventions, an obser-
vation also pointed out in environmental health hazard studies
(Baden, Noonan, & Turaga, 2007; Cutter et al., 1996). The lack of
attention to neighbourhood thus seems to be a blind spot in park
planning in Singapore.

Interestingly too in our data, only the area serviced by parks
(PSA) seems insensitive to aggregation effects. A possible reason for
this is that unlike the other indicators, PSA was calculated by also
including parks outside a planning unit boundary so long as the park
service areas covered residential area inside the boundary. This has
the effect of reducing “boundary effect” of using strict boundaries
for analysis. PSA also increases with population density, suggesting
that compact urban forms encountered in Singapore lead to more
households to be within the proximity of parks, provided that there
are adequate parks in the first place. This has also been observed in
other studies, albeit indirectly through correlation with population

density. For instance, Nicholls (2001) reported that in the city of
Bryan, residents living in more densely populated areas are better
covered within the service radii of parks. Thus, so long as there are
adequately distributed parks, compact, high-density urban forms
favour higher proportion of households to be within the service
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ange of parks. This advantage seems to be the case for Singapore,
ith relatively high values of PSA observed across all scales. A dis-

dvantage of this as our results also show, is that higher population
ensity drives up the number of person per unit park area (PPPA),

eading to potential congestion. However, it should be noted that
here is no widely accepted benchmark of what is deemed to be a
congested” park. Real congestion experienced is also not a sim-
le case of number of persons per unit park areas, as it is also
bout perception of congestion linked to socio-cultural influences
n “personal space” (Little, 1965), and about the types of activities
ursued in the park (e.g., active activities like ball games, compared
o seeking solace in a quiet corner of the park). There is currently
o information to suggest if higher PPPA observed truly leads to
hysical or perceived congestion.

.2. Is there spatial inequity of parks distribution in Singapore
nd does spatial scale of study make a difference?

It is well-documented in different cities that accessibility to
arks and public green spaces is frequently associated with SES
nd ethnicity. In particular, accessibility to parks and the provision
f parks is often lower in more deprived SES groups (Lara-Valencia

 García-Pérez, 2015; Talen, 1997; Wolch et al., 2005) or for ethnic
inorities (Comber et al., 2008). These observations are however,

ot universal: Nicholls (2001) found no evidence of inequitable dis-
ribution of parks for non-Whites compared to Whites in the city of
ryan; Abercrombie et al. (2008) found that mix-race neighbour-
oods has the highest number of parks and low to middle-income
roups in mostly-white census block groups had the lowest access
o parks in a study covering several US counties; and Barbosa et al.
2007) reported that in the city of Sheffield, more deprived SES
roups tend to have better access to parks, notwithstanding that the
ity overall has park provision lower than national UK standards.

For Singapore, our results show that when park distribution
s compared with wealth and income, there is clear evidence of
nequal park provision based on SES. Residential estates with pre-
ominantly private households have higher provision of parks on

 per capita basis (PCPA and SPCPA), lower potential congestion
lower PPPA) and have more units that are serviced by parks (higher
SA). In addition, planning units which have predominantly pri-
ate households have higher number of units which meet the
ational park provision indicators of percent of households with
CPA larger than 0.8 ha/1000 person, and percent of household with
SA more than 0.9. These results are observed despite public res-
dential estates having higher ratio of park land to total land area
f planning units (higher PAR), suggesting that at least for indica-
ors which are normalized by population (PCPA, SPCPA, and PPPA),
igher population density is the main cause of the differences. This

s consistent with the scatter plots in Fig. 3. However, we do not
ee strong evidence that the scale affects the extent of inequity,
lthough results in Table 4 and Fig. 6 suggest that inequity tend to
e more evident at lower scale of subzone and planning area, than
t region scale. For ethnicity, there is no evidence of disparities in
ark provision for any ethnic group, suggesting that the Ethnic Inte-
ration Policy has been successful in reducing clustering of ethnic
roups in residential estates with respect to locations of parks.

We next discuss the possible causes and consequences of the
esults: firstly, why do such disparities occur, and secondly, are such
isparities necessarily a social problem, in that lower SES groups are
omparatively worse off as they have lower access to a key public
ood?
Why  do disparities in park provision occur despite the strong
ocus on park provision and urban greening in Singapore’s urban
evelopment history? We  suggest that a possible factor is legacy
ffects of past urban developments on current urban forms, which
as been documented for urban vegetation (Boone, Cadenasso,
ban Planning 158 (2017) 139–154

Grove, Schwarz, & Buckley, 2010). Residential districts in the
Singapore, particularly in the central region of Singapore are nested
among the oldest built-up areas in Singapore. In these regions, it
is difficult to insert public parks or other green spaces even after
several estate redevelopment or renewal cycles (Tan et al., 2013).
We observe from our GIS maps (Fig. 1b, d) that the planning region
“Central Region”, which also have high concentration of heritage
areas and conserved buildings, have more subzones that have lower
park area ratio and area serviced by parks than the rest of Singapore.
Legacy could also obviously lead to a reverse pattern: for instance,
the Tanglin planning area, also located in the Central Planning
Region is where the Singapore Botanic Gardens, one of the largest
public park in Singapore, has been located since 1859. The presence
of this park has a strong influence on the park provision indicators
of Tanglin planning area. The Tanglin area is also the site of for-
mer  British enclaves during Singapore’s colonial days, and much
of the green, low-rise, low-density character of the area has been
retained, highlighting that past developments do contribute to cur-
rent distribution patterns of park provision observed today. What
is instructive from this observation is planning decisions made now
can lead to urban forms and patterns that resist changes and there-
fore have long-term consequences. There is thus an impetus to
understand existing planning norms and the spatial patterns that
ensue so that these may  be adjusted through new policies.

The other important factor in our view is that there does not
appear to be adequate attention given to park planning at smaller
spatial scales, e.g. neighbourhood (subzone) scale among key public
sector agencies responsible for overall park planning in Singapore.
The consideration here is that if spatial provision indicators (PAR,
PCPA or SPCPA), and accessibility type indicators (PSA, PPPA) were
optimal at neighbourhood level, then disparities could be avoided
across larger planning units. It was  only in 2015 with the announce-
ment of national planning target of 90% of households within a
10-min walk from a park that some attention has begun to be
placed at finer spatial scale of park distributional analyses. This cur-
rent attention at the neighbourhood scale will hopefully correct the
disparities over time.

While our study has shown that there is inequitable distribu-
tion of parks, to what extent is this a social problem should also
be understood. Our studies, as with the majority of similar studies
only point out correlations between park distribution and socio-
demographic variables, but not the impacts of such correlations.
Boyce, Zwickl, & Ash, 2016 recently suggested that there are three
reasons why environmental inequality is a concern from a social
welfare perspective: (1) an intrinsic reason that every person has an
equal right to a clean and safe environment, (2) an instrumental rea-
son that environmental quality can affect the level of opportunities
to lead a healthy and productive life, and (3) an instrumental reason
that environmental quality have impacts on economic well-being
of individuals. The first two  reasons are often stated as a normative
principle of equality of opportunities independent of SES, gender,
and ethnicity. Using the first two  arguments, one can conclude from
our study that unequal park provision in Singapore is intrinsically
a problem. This is exacerbated by the fact that higher SES groups
have more financial resources for other recreational opportuni-
ties, and private residences often have recreational opportunities
within their residential compounds, whereas low SES will tend to
have higher dependence on public parks as a recreational resource.
However, this perspective in incomplete without assessing out-
comes or impacts of such inequality, which is related to the third
reason of Boyce et al. (2016). As suggested by Truelove (1993),

equity assessment should consider needs rather than provision of
amenities alone. Not all residents use public facilities or amenities,
even if these are provided. Put in another way, do lower provision
and potentially higher congestion of parks lead to poorer health
outcomes for residents in residential estates with predominantly
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ublic housing? This question cannot be answered easily without
nderstanding finer scale park usage patterns in conjunction with
ealth and well-being assessment. None of the studies we  have
eviewed in Appendix A investigated such types of impacts, under-
tandably because of resource and information needs to undertake
uch studies, and also because there are multiple confounding fac-
ors that affect health and well-being. Studies by Park et al. (2013)
nd Mitchell & Popham (2008) which demonstrate associations
etween amount of green space, physical activity and mortality
rom different diseases, are thus important in providing the evi-
ence base for policy and planning interventions. In fact, Jennings &
aither (2015) suggested that there is adequate empirical evidence

hat links inequitable access to urban green spaces to health dis-
arities. The extent to which this observation might also applicable
o Singapore thus deserves greater attention.

There are also possibly different ways to estimate income,
ealth and public or private classification of residential land at
ifferent scales. For instance, wealth can be studied by housing
ransaction values. The results which may  emerge from differences
n methods are unknown now, and can only be validated when less
ggregated public data is available. These questions highlight also
he need for consistent or comparable approaches to study spatial
quity of public amenities.

. Conclusions

In this study, we evaluated the spatial distribution of public
arks in Singapore at different spatial scales to study the effects of
cale on park provision and equity assessment. Our study leads us to
onclude that scale of study has a strong influence on assessment of
ark provision and distribution. This is however, seldom considered
xplicitly in many parks distribution and equity studies Although
ot demonstrated in all the results in our study, inequity in park
rovision seems more evident at smaller spatial scales (planning
rea and subzone) than at the larger scale of region. One additional
rea that seems to be not given enough attention is an assessment of
requency distribution of many indicators used to study park provi-
ion and equity. Our study shows that these indicators are prone to

kewness, especially at lower spatial scales. The choice of measures
f central tendency (e.g. mean or median), and statistical methods
f analyses (parametric versus non-parametric) would also make a
ifference in the interpretation of results in addition to the choice
f spatial scales used for analyses.

City/Country Study 

Asia
Seoul, Korea Comparison of per capita park

provision with physical activity
Daegu, Korea Comparison of park supply by

gravity method with park demand
(as population)

Tainan, Taiwan Comparison of park provision
between districts using an index
integrating accessibility and
mobility.

Seoul, Korea Comparison of park provision by
regions and land use types

Australiasia
Brisbane, Australia Comparison of access to green

spaces (amount and quality) with
socio-economic status

Melbourne, Australia Comparison of availability of public
open spaces with neighbourhood
socio-economic status.
ban Planning 158 (2017) 139–154 151

Like other studies which suggest that smaller spatial scales are
preferred in spatial equity studies of environmental hazards or
environmental benefits, we similarly find that park planning at the
scale of neighbourhood is needed to understand how patterns may
contrast with those shown at larger scales. Focusing park planning
at the neighbourhood scale is also more logical as daily needs of
residents are best met  by parks within easy accessibility to resi-
dents, rather than parks that are further away in other parts of the
town, or in other towns and regions as these tend to be destina-
tions only visited occasionally. We  also suggest that it is possible
that the lack of focus on planning at neighbourhood scale is a fac-
tor that has led to disparities in park provision based on wealth
and income. However, there is no local evidence which support
or disprove that such disparities in turn lead to observable health
disparities in Singapore. This is an area requiring further research.
We  also highlight that our study has only focused on public parks
which are gazetted as parks under national land use plans. We  have
omitted small green open spaces that are also present in residen-
tial estates as part of the overall design to provide greenery in the
interstitial spaces between buildings. Such green open spaces also
serve recreational purposes, but are non-permanent and for which
no data exists at the moment on their distribution for further anal-
yses. Further studies should also explore the effects of such spaces
on equity assessment.

Finally, Singapore as a multi-racial city, seems to have succeeded
in preventing ethnic enclaves or clusters from forming, and an
important outcome of this is that we  find no evidence of disparities
in park provision for different ethnic groups which is often reported
in more segregated cities. While the ethnic integration policy was
not driven by equity as a primary consideration, it appears to have
contributed to a favourable outcome of equal access to parks for all
ethnic groups.
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Appendix A. − Studies on spatial distribution of parks and
urban green spaces in cities in relation to social-cultural
issues.

Scale(s) used for comparison of
socio-economic and
socio-demographic characteristics

Reference

Boroughs within city Park et al. (2013)

“Gus” (municipality within city) Lee and Hong (2013)

Districts within city Chang and Liao (2011)

Regions of city Oh and Jeong (2007)
1 × 1sq km grids over a subset of
the city

Shanahan et al. (2014)

Neighbourhood (postal districts) Timperio et al. (2007)
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City and “census output areas” −
smallest subsection of census data

Comber et al. (2008)

1 × 1sq km grids over a subset of
the city

Barbosa et al. (2007)

“Census super output areas” area
around Thames Community

Kessel et al. (2009)

“Colonias” − subdivision of
neighbourhoods

Lara-Valencia and García-Pérez
(2015)

Census track Bruton and Floyd (2014)

Census block, comparison across
cities

Zhou and Kim (2013)

Census block, aggregated to
census track, county, state and
national level

Zhang et al. (2011)

Park service area Sister et al. (2010)

Census block and census track
aggregated for City and
Metropolitan area

Boone et al. (2009)

Census block group Landry and Chakraborty (2009)

Census block group Abercrombie et al. (2008)

Census track Wolch et al. (2005)

Census block Nicholls (2001)
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Europe
Leicester, UK Comparison of access to green

spaces between ethnic and
religious groups

Sheffield, UK Comparison of access to green
space and municipal parks
between social economic groups

East of London and South-West
Essex, UK

Comparison of access to
community forest

America
Hermosillo, Mexico Comparison of distribution of, and

access to parks by groups of
difference social economic status

Greensboro, North Carolina, USA Comparison of park characteristics
with income and ethnicity

Rockford, Peoria, Springfield,
Bloomington,
Urbana-Champaign, Decatur
(Illinois), USA

Comparison of distribution of tree
canopy cover and access to parks
by different social groups

50 states and Washington DC, USA Comparison of access to parks in
USA across scales and states

Los Angeles Metropolitan region,
California, USA

Comparison of “potential park
congestion” within park service
areas by different social economic
and ethnic groups

Baltimore, Maryland, USA Comparison of distribution of, and
access to parks by social groups

Tampa, Florida, USA Comparison of street trees as an
amenity in public right-of-way
with income and ethnicity.

Baltimore-Washington DC region,
USA

Comparison of access to parks,
open space and private
recreational facilities by different
social groups

Los Angeles, California, USA Comparison of access to parks by
different social groups

Bryan, Texas, USA Comparison of access to
neighbourhood and community
parks by social groups

Macon, Georgia and Pueblo,
California, USA

Comparison of access to parks by
different social groups
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