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1.

INTRODUCTION
In 2009 Bishan-Ang Mo Kio Park in Singapore was a 52 Ha park with mainly green areas. Next to it
ran a small river in a large concrete canal. The concrete canal was also used to handle rain water
flooding, and was in need of an upgrade. Both the park and the concrete river were from the late
1980’s. The original approach was to give both the park and the concrete river a make-over, and to
ensure that the capacity in the river was increased to handle more intense rain events. However, the
two government institutions responsible for water, the Public Utilities Board, and parks and nature,
National Parks board, decided to cooperate with a consortium of landscape architects and
engineering companies. The idea was to create a different approach to thinking parks and rivers in
Singapore. Bishan-Ang Mo Kio Park became the first park in Singapore to combine a blue element;
a naturalised river meandering through the park on green banks, with a green element; one of
Singapore’s largest parks. Bishan-Ang Mo Kio Park became one of the first blue-green infrastructure
projects in Singapore.
In 2014, five years after landscape architect Herbert Dreiseitl had drawn the original design for a
blue-green infrastructure in Singapore, he initiated a research project, funded by the National
University of Singapore (NUS). Herbert Dreiseitl, now a Director of the Liveable Cities Lab at the
international engineering company Ramboll, and a Professor at NUS wanted to study the benefits of
blue-green infrastructure. Through decades of practical experience designing urban public spaces it
is clear, that the combination of water and green elements have a significant effect on how people
are attracted to, and interact with, these urban public spaces. By initiating a research project
specifically with the focus on identifying the benefits of blue-green infrastructure, the aim is to
showcase how parks, rivers and lakes in cities are not merely elements of beautification and a cost
to cities and landowners.
This report is the result of the research project initiated by Professor Herbert Dreiseitl. The research
has been carried out for NUS’ department of Architecture in late 2014 and early 2015. The research
topic was a socio-economic cost-benefit analysis of Bishan-Ang Mo Kio Park, and aimed at
answering the following main research question:
To what extent does the restoration of the park contribute to an increase in value?
The main research question is focused on how the redevelopment of Bishan-Ang Mo Kio Park and
the introduction of the blue-green elements contribute to an increase in value. The value is to be
measured following a socio-economic cost-benefit approach, and this will be developed and
explained in the following chapters.
The main research question is divided into a few sub-fields of research that aim at researching:
• How blue and green infrastructure in urban areas impacts (both positive and negative) people
and society?
• How large and significant the impacts of blue and green infrastructure are?
• If the impacts of blue-green infrastructures provide society with a positive business case?
These questions will guide the research, and will be brought up throughout the report as they are
responded to. However, we first need to discuss the different functions of parks and rivers in an
urban setting.

1.1

Are parks more than green, and are rivers more than blue?
Parks, rivers and lakes in cities are mainly believed to be an enjoyment and a luxury to the public.
They are places to enjoy free time, socialise and have cultural activities. The benefits of parks and
rivers and lakes are viewed as soft values, and not as a monetary and economic value that actually
impact society. Particularly in Singapore the green and blue spaces, such as parks and rivers and
lakes, have been down prioritized in the rapid urbanisation. In 1986 the tree and shrubbery cover
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was down to 36 pct. of the island (Lang, 2008). The blue and green public areas can be seen as a
luxury good for the rich urban society. Attractive blue and green public areas showcase an
abundance of wealth, a so called nice to have, but not a need to have. Public investments are
carried out with a focus on creating public and urban progress. With tight public budgets there is a
need for sharp prioritisation. In many cities around the world, Singapore included, the mantra is
effectiveness at low costs. Green and blue areas do nothing to help solve issues such as
unemployment, economic growth, housing needs, education, and outdated public utility
infrastructure. The traditional urban infrastructure such as roads, buildings, sewage and water
piping, etc. is prioritised higher than blue and green public areas.
However, extensive research carried out over the past many decades shows that different types of
parks, rivers and lakes provide significant quantifiable economic impacts that benefits society in
general. Not only in soft values, but also in providing public utility services such as water storage
and purification, urban heat island reductions, air pollution reductions and more. Green and blue
spaces are becoming more attractive for cities, and are significant when it comes to attracting
people to live, work and contribute to the city. Copenhagen has been praised for its “liveability” by
magazines such as Monocle, who included the high quality green and blue spaces as a vital part of
the attractiveness of living in the city (Monocle, 2014). Singapore ranked 16 in the same survey in
2014.
Singapore praises itself to be “A City in a Garden” and has actively been pushing the agenda and
greening the city. In 2008 the tree and shrubbery cover had increased to 47 pct. from 38 pct. in 1986
(Lang, 2008). In a recent blueprint strategy for a “sustainable Singapore”, the ministry of
environment shows how the amount of green space (parks) has increased by 12 pct. from 2009 to
2013 and that this is a focused project. At the same time the access to the water bodies is also
being improved and is more and more becoming a focus area. PUB has initiated the Active Beautiful
Clean water initiative to develop the waterways and make them attractive to the citizens.
Table 1 Increases in Blue and Green spaces in Singapore
Green and Blue Spaces
Amount of Skyrise greenery (ha)
Amount of green space (ha)
Length of park connectors (km)
Amount of water bodies open for recreational activity (ha)
Length of waterways open for recreational activity (km)

2009
10
3,602
113
650
72

2013
61
4,040
216
959
93

Source: Ministry of Environment and Water Resources

1.2

Blue-green infrastructure serves several purposes
The blue and green spaces, such as parks, rivers and lakes are more and more seen in conjunction
with utility infrastructure, such as water transportation, flood control and purification. A new term is
being used to describe infrastructure that not only benefits the main issue of e.g. water
transportation, but at the same times has a positive impact on the beautification of the city. These
blue-green infrastructures clean the city through cleansing of water bodies, add to the biodiversity
and habitat creation, increase ecosystem functions, and add social spaces for citizens to enjoy.
Blue-green infrastructures (BGI) in cities provide an innumerable range of physical, social and
cultural services that benefit society in general. These services are in most cases provided for free,
and are therefore not accounted for in any market or in any public or private sector business case
analysis.
In general the impacts generated by BGI can be classified into three main impacts. There are the
impacts on the public life, which includes the direct impact on the users of the BGI, the time they
spend and the related physical and health benefits. Then there are the more indirect impacts on e.g.
food and beverage (F&B) businesses that can experience increased revenue in cases where the
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local area sees a lift in status from the BGI. This also has a spill over on the next main category:
public spending.
Public spending includes impacts on public spending, where real estate value is a major effect as
increased or decreased real estate values have an impact on real estate taxes. Taxes are a
significant source of income for many cities around the world and therefore crucial if future financing
for BGI is to be found. The capital and operational costs of BGI is perhaps the most discussed in
terms of planning and prioritising BGI in cities. It is however important to take into account the
relationship of the capital and operations costs to the large variety of beneficial impacts BGI provides
to society. This point is supported by the inclusion of the costs of doing nothing where an analysis of
the costs of not taking any action is taken into account when evaluating the total impact of BGI on
society.
The third main impact focuses on the ecosystem. This includes impacts such as increased
biodiversity and the benefits of a well-functioning ecosystem. This further includes services such as
reduction of air and noise pollution, the utility services of water management or the effects on urban
heat island effects. All of these services are provided by BGI for “free”, but they have a significant
impact on society by reducing health care costs, public utility costs, adding tranquillity and reducing
stress in urban environments. All of these impacts have been illustrated in the figure below.
Figure 1 Impacts of blue-green infrastructure on society

1.3

Character of Bishan-Ang Mo Kio Park, a blue-green infrastructure
Bishan-Ang Mo Kio Park is situated right between the two residential areas of Bishan and Ang Mo
Kio in the middle part of Singapore. It was originally constructed as Bishan Park in 1988 to serve the
local areas, and act as a “regional park”, attracting also residents further away. Bishan Park
consisted of a 52 Ha large park and a 2,7 kilometre long concrete canal for the Kallang River.
Around 2009 it was decided that the concrete canal, now almost 20 years old, and the park needed
an upgrade. The two national agencies PUB (water and utilities) and NParks (parks and nature)
joined forces to create a new blue-green infrastructure project in Singapore. Together with the
landscape architects Atelier Dreiseitl, PUB and NParks designed the new Bishan-Ang Mo Kio Park.
The new park would be 62 Ha, and the concrete river would be torn down and merged with the park
to create a naturalised meandering river. The entire park was overhauled, going from an old and
worn down park, to a park that is attractive and with plenty of social and physical functions.
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Moreover, it was the first park in Singapore to create a landscape that made it possible for people to
interact with a river.
Bishan-Ang Mo Kio Park is designed so that the blue-green area where the river flows invites people
to approach the water and to interact with the new ecosystem that has been developed there.
Singapore has a long tradition of separating people from nature, but in Bishan-Ang Mo Kio Park this
barrier is broken down. Plenty of people can be seen exploring the river, and schools often go to the
park in order to educate the pupils or have physical and social activities. Nature and biodiversity is a
priority and information boards on plants and animals are placed along the parks pathways. The
park is divided with the blue-green area and the river on the southern part of the park, and a more
purely green area on the northern side. The blue-green side of the park has received the most
distinctive overhaul as 10 Ha of BGI has been added to the park. The green side has, however, also
been upgraded with new pathways, exercise areas, playgrounds and social meeting places.
It is well known that the park is popular. On their website NParks classifies Bishan-Ang Mo Kio Park
as a riverine park and it is noted for its “naturalised … [and] beautiful 3 km meandering river with
lush banks of wildflowers. Aside from its unique waterways, the park features lush greenery, Pond
Gardens and River Plains, making it a popular choice with nearby residents for recreational
activities.” (NParks, 2015)
Figure 2 Bishan Park and Kallang River before and after restoration

Source: Atelier Dreiseitl

Bishan-Ang Mo Kio Park, although referred to as one park, consists almost of two parks, separated
by a large highway in the middle. The two sides of Bishan-Ang Mo Kio Park are also rather different
in their characteristics. The western side of the park (referred to in this report as Park 1) is long and
narrow, with a slightly meandering river, lakes in the middle of the park, a water playground, a
biotope and large lawns. The eastern side (referred to as Park 2 in this report) is wider, and has a
river, which meanders more distinctly. The landscape has in a greater part been made to
accommodate and emphasize the BGI. Park 2 is, however, also the part of Bishan-Ang Mo Kio Park
that has less tree cover. Tree cover is important is important in Singapore, as shade is a necessity in
the hot climate and under the strong sun. Both Park 1 and 2 have food and beverage facilities and
public transportation nearby. Park 2 is however more accessible, being closer to housing and the
metro line, both Bishan Station and Ang Mo Kio Station are within 1 km from the most eastern part
of Park 2. Bishan-Ang Mo Kio Park is illustrated in the figure below.
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Figure 3 Bishan Ang-Mo Kio Park (Park 1 left, Park 2 right)

Source: Atelier Dreiseitl

1.4

Research Approach
This report has been compiled based upon a literature review, interviews and meetings, on site
observations, a public life study and socio-economic modelling. In the following section I will briefly
recapture the process and the procedure that was used in order to come to the results. The section
will only focus on these topics briefly, as each of the parts will be discussed in the respective
sections of the report. This section can therefore be seen and read as a summary methodological
procedure.
With this report I aim at explaining the different impacts of BGI on society quantify and monetize
these impacts, and eventually construct a business case for BGI. As described above, a large
variety of impacts have been identified through an extensive literature review and in chapter 2
I will describe each of the three main impacts. In order to construct the business case I will look at a
specific blue-green infrastructure project: Bishan-Ang Mo Kio Park, in Singapore, as a case study of
the benefits of blue-green infrastructure to society.
Researching for the project, I started out with a comprehensive literature review following the
Snowballing approach. Snowballing consists of a series of steps with the purpose of identifying the
most recent and relevant literature for the study scope. The methodology is particularly relevant in
areas where limited or no previous research has been done. The impacts of BGI on society are low
researched topics, however in recent years contributions particular towards the impacts of “green”
infrastructure has started to show.
Initially the newest and most relevant articles, reports, reviews etc. are identified and reviewed in the
snowballing process. Based upon these publications list of references the top 5-10 relevant
publications are selected and reviewed. This procedure is continued until all relevant literature has
been discovered and analysed. The literature review has analysed more than 60 pieces of literature,
consisting of academic articles and studies, reports and articles.
The interviews were designed to uncover knowledge and data on BGI that is newer and more case
specific on Bishan-Ang Mo Kio Park, than what could be uncovered in the literature review. More
than 40 people from national agencies, consultancies, academia and local park users were
interviewed and contributed with opinions or data on the impacts of BGI and Bishan-Ang Mo Kio
Park. The interviews were, in general, semi-structured. This allowed the interviewee to raise his or
her own opinions and attitudes towards a specific topic.
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The literature review and the interviews have been supported by on-site observations, where the
flow of the people, the types of people and the activities in Bishan-Ang Mo Kio Park have been
studied. This work was initially started in October 2014, and was then developed further to a Public
Life Study in 2015. My colleague Oliver Tovatt and myself under the supervision of Prof. Herbert
Dreiseitl carried out the Public Life Study. The results from this Public Life Study will be used heavily
and will be referred to as “Leonardsen and Tovatt, 2015”. The methodology for the study is built
upon the work of the Danish Architect Jan Gehl, and involved counting people through several days
in Bishan-Ang Mo Kio Park. By collecting a dataset on the flow of people every hour for 15 hours per
day, and a division on activities and the level of socialisation, a substantial dataset on the public life
of Bishan-Ang Mo Kio Park was developed. This dataset has then been used, under certain
assumptions, to provide an estimate on the number of people who uses Bishan-Ang Mo Kio Park
every year.
Finally the socio-economic modelling has combined the data compiled in the literature review, the
interviews and the Public Life Study into a cost benefit analysis that compares three scenarios in
order to evaluate the impacts of Bishan-Ang Mo Kio Park on society. The three scenarios are
created to estimate the effect of Bishan Park (before the redevelopment) as a baseline scenario. It is
important to have a point of reference in order to evaluate if the socio-economic impacts have
increased or decreased due to the redevelopment. For Bishan-Ang Mo Kio Park a second scenario
is created to compare with the baseline. The second scenario is a conservative estimate, and is
created to in order to develop a scenario, which slightly underestimates the positive impacts
(benefits) of Bishan-Ang Mo Kio Park on society. By underestimating the positive impacts, the
scenario becomes more reliable and proves, as we will see, that even as the positive impacts are
underestimated, they still outweigh the negative impacts. The last scenario is the most probable
scenario. It neither attempts to over- nor underestimate the impacts of Bishan Ang-Mo Kio Park on
society. These three scenarios will be used particularly in chapter 2, where the data is presented
and in chapter 3 where the cost-benefit analysis is presented.
In the following chapters I will firstly present and discuss the data that has been collected in chapter
2. This data will be computed to fit the case of Bishan-Ang Mo Kio Park. Secondly a cost-benefit
analysis will be presented in chapter 3, where all the positive impacts (Benefits) and the negative
impacts (Costs) will be computed in a business case. Lastly, in chapter 4 I will summarise the
findings and make a conclusion on the socio-economic analysis of BGI and of Bishan-Ang Mo Kio
Park.
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2.

DATA PRESENTATION
In the following section, the different impacts from blue-green infrastructure on society will be
presented and discussed. The impacts have been identified through an extensive literature review,
and through several interviews and meetings held with government officials, researchers, landscape
architects and people using Bishan-Ang Mo Kio Park in the months of October 2014 through March
2015. Moreover, personal observations of Bishan-Ang Mo Kio Park and the park users have been
included in these descriptions. The interviews and meetings were, in general, following an
unstructured interview technique and designed to be explorative. This was done in order to
understand Bishan-Ang Mo Kio Park from the subjects’ point of view, without trying to interfere with
the knowledge and perceptions that the subjects have of Bishan-Ang Mo Kio Park.
In total more than 15 meetings were held with more than 20 representatives and researchers from:
• The Public Utilities Board (PUB)
• The National Parks Board (NParks)
• The Ministry for Environment and Water Resources
• The Centre for Liveable Cities
• Atelier Dreiseitl (AD)
• The National University of Singapore
• Local food and beverage business’ in Bishan-Ang Mo Kio Park
Furthermore, through a range of on-site sessions at Bishan-Ang Mo Kio Park, 26 individuals where
interviewed about their use of Bishan-Ang Mo Kio Park, where they came from, and their perception
and attitude towards Bishan-Ang Mo Kio Park. No particular emphasis on the blue-green
infrastructure (the river) was made when the subjects where explaining about their perception of and
attitude towards the park. This was again done in order to understand the important factors of the
daily users of the park, rather than forcing a topic upon them. However, in conversations where the
subjects did not mention any of the blue elements in Bishan-Ang Mo Kio Park and only mentioned
green elements, the interviewer would also ask about their attitude towards the blue elements, and if
this were a part of the park that they liked and used.
A large majority of the literature studied did not have a focus on Bishan-Ang Mo Kio Park or on the
blue-green aspects of BGI and its implication on socio-economic effects that are studied in this
report. However, in most cases the studies and their impacts were coming from parks, greenery, and
naturalised urban public spaces. Bishan-Ang Mo Kio Park does fall into all of these categories and
although the impacts cannot be directly transferred, they will be mentioned and discussed. Other
impacts identified in the literature are easily transferrable to Bishan-Ang Mo Kio Park due in part to
the validity of the initial study, and in part to the general nature of the impact.
This chapter will focus on synthesising the information received from the meetings, interviews,
observations, and the literature review. The following main topics will be explored:
•
•
•

Public life
Public spending
Ecosystem

Firstly the main categories of impacts will be shortly described. Hereafter an in depth discussion of
each of the impacts and the supporting literature will be reviewed. These impacts will form the basis
for the socio-economic assessment of Bishan-Ang Mo Kio Park, which will be presented in chapter
3. As discussed in the previous chapter, three scenarios are used in order to assess the impacts of
Bishan-Ang Mo Kio Park on society. The Baseline scenario evaluates Bishan Park before the
redevelopment and the Conservative and the Probable scenarios evaluate Bishan-Ang Mo Kio Park
after the redevelopment.
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2.1

Public Life
The first main category of impacts of BGI on society is the public life. BGI is, in its definition, a type
of infrastructure in cities that have a direct effect on the social life, and therefore the public life. BGI
is built into our cities to improve public spaces and create attractive local environments. This is done
through parks, street greenery, promenades, etc. Bishan-Ang Mo Ko Park exemplifies BGI, where
the naturalised river breaks down the barrier between the utility function of water transportation, the
public space and nature. Through the design of the naturalised river, the park invites people of all
ages to interact with the water and with nature. The design also creates a habitat for the local wildlife
to develop and flourish making it even more interesting for, especially kids, to discover and explore
the river.
The impacts on public life from Bishan-Ang Mo Kio Park can first and foremost be observed in the
number of park visits. Following sound logic, the more people who visit the park, the more popular
and attractive the park is. Around the world public life studies have counted and documented the
public life, and shown how different public spaces are more attractive and inviting for social
gatherings and physical activities than others. A work, spearheaded by the Danish architect Jan
Gehl in the 70’s and 80’s, the methodology has now spread to cities from Seattle in the US, to
Copenhagen in Denmark, and to Melbourne in Australia.
Numbers alone do not convey a message of the quality and the impacts on public life. The direct
impact on human health is best illustrated by looking into the effects of biophilia. Being in a natural
environment creates a feeling of calm and belonging, which invigorates us as humans, reduces our
stress levels and recharges us for our daily ”struggle in the concrete jungle”. International studies
show how our mental and physical health benefits from urban parks and greenery.
Furthermore, food and beverage business’ in and around attractive public spaces, such as BishanAng Mo Kio Park, are often found to have a higher turnover than comparable business elsewhere.
Being associated with a high quality and popular public space, creates a destination that people not
only travel to in order to enjoy it, but they are also willing to spend a long time there. This often
involves several activities, including dining at the food and beverage business at the park. In the
following sections, each of these topics will be further developed.

2.1.1

Number of visitors, the value of time and willingness to pay

The number of visitors/and or users of public spaces is of constant interest to urban planners and
can be seen as a test of how popular an area or destination is. The method has, however, only been
gaining interest since the 90’s where the city of Copenhagen in Denmark has been one of the
pioneers (Gehl, et.al, 2013). Since the 70’s and 80’s the city has been recording the numbers of
users of public areas, and only in the late 90’s and since the 00’s has this habit of recording public
life been spread to other cities such as Melbourne, New York, Seattle, Singapore, and others.
In 2007 Gehl Architechts used the method of Public Life studies to estimate the number of visitors to
various locations in New York. On Times Square, they recorded 118.000 people on an average
weekday between 8 am – 8 pm (Gehl Architects, 2008). This corresponds to approximately 43
million people per year. Since this study, new figures have shown that with the public space
restoration of Time Square, the daily figures have almost tripled to around 350.000 people per day,
or 127 million visitors per year. Moreover, this study was followed up by a study of the biggest park
in New York, Central park. Central Park in NYC receives approximately 37-38 million visits per year
by 8-9 million individuals (Central Park Conservancy, 2011). Central Park is around 340 Ha, and is
not only the destination of local New Yorkers, but also a tourist destination. Being such a large and
iconic green space in the middle of the biggest cities in the US generates attention. However,
Central Park suffers from the changing seasons of the climate in New York, and the Central Park
Conservancy estimates that the number of people using the park on an average summer day is
more than 5 times as high as on an average winter day (220.000 compared to 40.000).

Page 8

2.1.2

The value of time

The time valuation concept is a well-known socio-economic parameter used to identify the cost of
travelling as an indicator for the attractiveness of the destination (Freemann, et.al, 2014 and
Perman, et.al., 2003). The basic theory behind the “cost of travel” method states that any hour spent
on leisure time purposes is an hour that could have been used to generate income. The individual
who chose to spend his or her time on leisure purposes, therefore gives up that time to work, and
gives up his or her wage, making the value of the leisure time equal to or higher than the value of
working the same amount of time. Choosing leisure time is an economic investment into the activity
of leisure time, and the value of time can therefore be seen as an individual´s payment for leisure
time.
In the city centre of Copenhagen a 2,5 Ha park was studied in order to show the socio-economic
value of the public life. The study used surveys, public life studies and desk research (Panduro,
Grontmij, 2014). The analysis surveyed roughly 200 respondents in detail on how they used the
park, their health and their travel patterns. The public life study estimated that around 600.000
visitors use the park every year. And, that on average, people spent 15 minutes on transportation to
the park and 2 hours in the park. By combining the results from the survey, the public life counting’s
and figures on the value of time (discussed below) from the Danish Ministry of Transport, the value
of people travelling to the park was estimated at DKK 13 million, and that time spent in the park was
worth DKK 112 million per year. This corresponds to a total socio-economic value DKK 125 million
or 27 million SGD per year (Panduro, Grontmij, 2014).
The theory of time valuation has several assumptions and shortcomings. For one it assumes a
rational human being, who values his or her time equally and assumes that the extra work is also
available. Extensive research into the human psychology and the nature of our choices can show,
however, that we do not value and choose between options based on a rational set of rules of
choice (Kahneman, 2011). We value and chose from our individual preferences, and our choices are
not always consistent based on a single, or even multiple rules. A lengthy discussion concerning the
validity and implication of economic principles, such as the rational human being known to many as
an “Econ”, could be had here. However, this is not the purpose of this report. What is important to
note however, is that the socio-economic value of time, cannot be interpreted as a direct monetary
investment by individuals, but as a choice and thereby a valuation of time by an individual.
Knowing the limitations to the value of time concept, it can in general be estimated that the value of
time is equal to 33-40 pct. of the average hourly wage in the country or region (Freemann, et.al,
2014). However, this has been shown to fluctuate both upward and downward depending on the
flexibility of the work, the general work-life balance, and other factors. In Denmark the value of time
has been estimated to being equal to SGD 16 per hour per individual (TERESA, 2014). This
corresponds rather well to the average hourly wage of SGD 33 per hour (Statistics Denmark, 2015),
albeit it represents a value of 55 pct. rather than 40 pct. Moreover, if there are any further costs of
travel, e.g. fuel, maintenance costs, public transportation tickets, etc. these costs should be added
as constants to the travel time. Any costs in terms of getting access to the destination, e.g. entrance
fees, should also be added as a cost to the time valuation equation as a constant.
In Singapore, the average wage per working hour is 47 SGD (Statistics Singapore, 2014 and
Ministry of Manpower, 2015). When compared to the relationship between the socio-economic value
of free time (general travel) and the average wage per hour in Denmark, Singapore would have a
socio-economic value of free time of 26 SGD per hour. Following the methodology of Freeman, the
similar value of free time will range between 16 and 19 SGD. No actual socio-economic value for the
free time, or general travel time, has been calculated for Singapore. For the purpose of the further
study, the lower value of 16 SGD will therefore be used in order to provide a conservative and
realistic minimum socio-economic valuation.
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Table 2 The value of time in Denmark
Trip purpose
General travel
Work related travel
Weighted Average

Economic value in 2014 SGD per hour
$ 16
$ 80
$ 25*

* Note, the weighted average economic value is calculated based on a division of transport of 10% work related travel and 90 % general travel.
Source: TERESA, 2014

2.1.3

Origin of Bishan Park users

A study of the park users by NParks research group CUGE, showed that the people who use
Bishan-Ang Mo Kio Park are predominantly from the local areas of Bishan and Ang Mo Kio, with
other areas taking up smaller portions of 4-10 pct. of park visitors (Kho, et.al, 2014). Although the
survey did not create an indication of time spent travelling to Bishan-Ang Mo Kio Park, the local area
of origin and the distance in kilometres can be computed (see table below). On average the distance
can be computed to be 5,5 km (weighted average), and an estimation using google maps show that
the time travelling to the park ranges from 10 to 60 minutes depending on type of travel (walking,
driving or taking the public transportation system). From the observations that was done onsite and
through the talks with park users, the longest time spent travelling to Bishan-Ang Mo Kio Park was
1,5 hours.
Table 3 Share of visitors divided by area of origin
Area
Bishan
Ang Mo Kio
Serangoon
Bukit Timah
Yishun
Toa Payoh
Choa Chu Kang
Other
Total

Distance in Km
0-2
0-2
5
15
10
5
20
N/A

Pct. of visitors
26 %
26 %
9%
5%
5%
5%
4%
20 %
100 %

Source: Kho, et.al. 2014, Google Maps

This study was replicated in 2015 by for this research project, and a similar distribution was found,
only measured in time, not in distance. The survey asked more than 190 park visitors, about their
travelling pattern and park use. The survey found, that more than 50 pct. of the park visitors came
from within a 10 minutes range. Moreover, a total of 79 pct. came from with a 20 minutes distance. It
is clearly a park, which is used by the local community, and nearby areas. However, it was also
found that 12 pct. spent an hour or more in travelling time to get to Bishan-Ang Mo Kio Park. This is
a quite high figure for a park, even though it is a large regional park. The weighted average travelling
time is 22,5 minutes for a park visit.
Table 4 Time spent travelling to Bishan Ang-Mo Kio Park
Time spent

Pct.

10 min

Number of
people
99

51%

Weighted
average (min)
5,05

20 min

54

28%

5,51

30 min

20

10%

3,06

60 min

18

9%

5,51

120 min

4

2%

2,45

180 min

1

1%

0,92

Total

196

22,50

Source: Own data collection
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2.2

Use of Bishan-Ang Mo Kio Park
The park is used throughout the day with varying intensity. This intensity can be split into 4
categories. There are the morning users, from 6 am to 9am who are doing different kind of
exercises: active walking, running, thai chi, qi gong, zumba, dancing, yoga, cycling, etc. From 9 am
until 4 pm the park is mainly deserted apart from school children on excursions or assignments,
people using the park connector system, and the park workers. After 4 pm activities pick up again,
and the park is highly active and full of life. After 7 pm the park slowly becomes less populated.
In the months of Februay and March 2015, a public life study was conducted in Bishan-Ang Mo Kio
Park, which studied and documented the flow of people (Leonardsen and Tovatt, 2015). The graph
below illustrates the findings on the flow of people throughout both a weekend day and a normal
weekday. The figures are split in Park 1 and Park 2, as observing individual days in each of the two
parks created the data.
Figure 4 The total flow of people per hour in Bishan Ang-Mo Kio Park

Source: Leonardsen and Tovatt, 2015
Note: The figures include both the blue-green side and the green side and thus compromise the total flow of people (park 2 is estimated from
park 1)

The public life study estimated that around 13.000 people use Bishan-Ang Mo Kio Park on
weekdays, and the level of activity almost doubles on weekends, where more than 24.000 people
use the park. Furthermore, the two sections of Bishan-Ang Mo Kio Park, Park 1 and Park 2 showed
different levels of activity, with Park 2 being more popular and frequented than Park 1. One of the
conclusions of the public life study is that this is due to multiple reasons, including the attractiveness
of the landscape of Park 2 compared to Park 1, and the proximity to local residents and the
availability of food and beverage locations (Leonardsen and Tovatt, 2015). Moreover, it was
observed that two-thirds of the people moving through the park were found on the side of BishanAng Mo Kio Park, where the river was flowing, showing clearly that more people were attracted to
and used the blue-green area actively. The study concludes with the assumption; that taking the
observations as an average throughout the year, approximately 6 million people use Bishan-Ang Mo
Kio Park every year.
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Table 5 Total use per year – a conservative minimum estimate

Source: Leonardsen and Tovatt, 2015

When analysing the total use of Bishan-Ang Mo Kio Park by the size of the park in Ha, it can be
shown that there are 95.000 people who use Bishan-Ang Mo Kio Park per Ha per year. Comparing
this to other local parks, such as Gardens By the Bay and the Botanical Gardens, Bishan-Ang Mo
Kio has almost twice as many visits per year per Ha (Gardens By the Bay, 2013 and Botanical
Gardens, 2015). It should be noted, that the use of Bishan-Ang Mo Kio Park is not directly
comparable to Gardens by the Bay or the Botanical Gardens, as both parks are tourist destinations
and educational centres, whereas Bishan-Ang Mo Kio Park is a public park mainly used by locals.
Looking at comparable parks worldwide, it is interesting to see that although Central Park in New
York is more than 5 times as large as Bishan-Ang Mo Kio Park the number of visitors per Ha per
year is almost the same, 110.000 in Central Park to 95.000 in Bishan-Ang Mo Kio Park. In the city of
Copenhagen, Fælledparken, a large central park almost the same size as Bishan-Ang Mo Kio Park
attracts twice as many people.
Table 6 Number of visitors per Ha/year in parks around the world
Park
Gardens by the Bay
Botanical Gardens
Central Park
Fælledparken
Bishan

Visitors/Year
5.066.667
4.400.000
37.000.000
11.000.000
5.900.000

Ha
101
74
341
58
62

Visitor per Ha
50.165
59.459
108.504
189.655
95.287

Source: The city of Copenhagen, Gardens by the Bay, The Botanical Garden, Central Park Conservancy, Leonardsen and Tovatt

Time spent in the park varied depending on many factors, the main being the type of activity, but it
was also clear that people coming from far away, and having invested time in travelling to the park
would also spent longer time in the park. This relationship is, somewhat understandably inversely
connected to frequency of visits to Bishan-Ang Mo Kio Park. In general people spent around 1-2
hours in the park, with local people from Bishan and Ang Mo Kio spending shorter time in the park,
but visited the park more often. Many park users use the park every day for exercise.
Looking at Bishan-Ang Mo Kio Park, statements from NParks indicate that 3 million people annually
used the park before the redevelopment and that it was expected to increase to around 3,5 million
(AsiaOne, 2012). These figures are however not rooted in any surveys, or public available analyses.
However, the expected increase from 3 to 3,5 million people represents an increase of 17 pct. This
is close to the increase in the size of Bishan-Ang Mo Kio Park from 52 to 62 Ha or 19 pct. We now
know, however, that the current number of visits is about 6 million people per year.
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Moreover, around 50 pct. come from outside of the district, and therefore spend more than 20
minutes on transportation. Visitors surveyed in the park indicated that time spend in the park ranged
from 1-3 hours on average (Kho, et.al, 2014). In general it can be assumed that people more time in
the park than they do in travelling to the park. For the purpose of this study, it is therefore assumed
that the average time spent in the park is higher than, but comparable to the time spent travelling to
the park. For instance, people who have 10 minutes travel time spent roughly 30 minutes in the
park. Whereas people who have 120 minutes travelling time spent 150 minutes in the park.
Table 7 Time spent in Bishan-Ang Mo Kio Park
Minutes travel
10 min
20 min
30 min
60 min
120 min
180 min

Time spent in the park (minutes)
30
30
60
90
150
210

Source: Kho, et.al. 2014, own calculations

The time spent in the park is based on averages, and is applied to the distribution of visitors, the
weighted average time spent in the park can be calculated to be 42 minutes. This is a fairly low
figure for time spent on leisure activities, but it also includes a large portion of people who use the
park as a place to do a short run, and people who commute to other activities through the park.
Using the below table to calculate the socio-economic value of time spent travelling to the park, it
can be assumed that the longer a visitor has to the park, the longer the person will also stay in the
park. The figures for the time spent travelling and time spent in the park are ranged in a conservative
and a probable scenario. The conservative scenario assumes no traffic, and is in general
underestimating the time people are using in order to get to the park, and the time that they spend in
the park. The probable scenario assumes little traffic, although it is generally optimistic about
travelling times. There is not made a difference in the time spent in the park in the three scenarios.
This is due to the lack of available data on the matter.
Table 8 The time spent travelling to Bishan-Ang Mo Kio Park and in the park
Percentage of visitors
51%
28%
10%
9%
2%
1%

Conservative
Travel time Time spent
5
30
10
30
15
60
30
90
60
150
90
210

Probable
Travel time Time spent
10
30
20
30
30
60
60
90
120
150
180
210

Source: Kho, et.al, Leonardsen and Tovatt, 2015; Own observations and calculations
Note: There is no difference made in the time spent in the park. This is due to the lack of available data.

Page 13

Using the information of number of visitors, time spent travelling and the socio economic value of
time, the socio-economic value of time spent travelling and being in the park can be estimated. This
can be applied to the three scenarios that are used in this analysis; the baseline, the probable and
the conservative scenario. The socio-economic value of the baseline1 scenario can be estimated to
be 41 million SGD per year. 8 million SGD are derived from people travelling to Bishan-Ang Mo Kio
Park, and 33 million SGD come from the value of people staying in the park. In 2015, Bishan-Ang
Mo Kio Park has 6 million visitors, which in the conservative scenario can be translated to 83 million
SGD per year. 65 million SGD comes from the time spent in the park, and 17 million SGD comes
from the travelling. In the probable scenario the socio-economic value of time is 100 million SGD per
year, with 65 million SGD coming from time spent in the park, and 35 million SGD from travelling.
Table 9 Socio-economic value of travel time and time spent in Bishan-Ang Mo Kio Park per
year (SGD)
Time travel
Time spent
Total

Baseline
8.750.000
32.600.000
41.350.000

Conservative
17.490.000
65.200.000
82.690.000

Probable
34.980.000
65.200.000
100.180.000

Source: Leonardsen and Tovatt, 2015 Statistics Singapore, Ministry of Manpower, and own calculations
Note: The travel costs excludes cost of transportation, e.g. fuel and fares

2.2.1

Physical and mental health benefits

BGI provides us with several physical and mental health benefits. In general this is attributed to
terms such as “biophilia” and the fact that we as humans have been living directly in nature for
thousands of years, and that we are now suffering from a lack of exposure to nature and wild life in
our concrete urban environments. We are suffering from a “nature deficit” (Montgomery, 2013).
Although there are also large uncertainties involved when studying the human physical and mental
health benefits, such as socio-economic status and history and other impacts from society, several
impacts have been widely identified and described.
ARUP, a large global engineering consultancy, identified more than 30 benefits from green
infrastructure in a report from 2014. With regards to the physical and mental health benefits, ARUP
indicated that green spaces help reduce mental stress and increase life satisfaction. People living in
green neighbourhoods were healthier and exercised more. ARUP found that green spaces deliver
social and health benefits of up to £ 1.44 billion per year for the UK economy. It was also found that
people living in close proximity to green areas (i.e. trees on streets or parks) reported lower levels of
mental distress and had a higher degree of life satisfaction compared to people living in areas
without greenery (ARUP, 2014). It has further been calculated that the National Health Service in the
UK could save £2.1bn a year if everyone had access to green spaces (BBC, 2014).
A similar study was conducted in Holland by the Netherlands Institute for Health Services Research
of 250.000 people showed that in areas where more than 90% of the local space is green, 10,2 % of
people felt unhappy. In spaces where 10% of the local space was green, 15,5 % felt unhappy.
Access to green spaces clearly has an impact the mental health (Maas, et.al, 2006 and Juniper,
2013).
In 2003, the relationship between health and the amount of green space was empirically tested
through data on the self-reported health of 10.000 people in Holland. This was combined with landuse data on the amount of local green space. A green environment was proved to have a positive
impact on the health indicators, even when socio-economic factors where accounted for. Particularly
housewives and the elderly were affected by the amount of local green space. The same could be
seen for lower educated people (de Vries, et.al., 2003).

1 See chapter 3 for methodological explanation of baseline scenarios.
2 It is unclear whether people who are physically active choose to live nearby green spaces and BGI, or if green spaces and BGI help people change their lifestyle. It is
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In the UK, similar results have been found. Researchers from the University of Exeter sampled
10.000 people in a research project that focused on the relationship between green space and
wellbeing (White, 2013). The mental distress was identified by using life satisfaction and a general
health questionnaire. This was done with the same group of people from 1991 to 2008. The
research showed that lower levels of mental distress and higher degrees of life satisfaction were
reported when respondents were living in greener areas. The effect on an individual level was
reported as being relatively small, but when scaled up to a community level the positive impact was
substantial.
A study on the effects of biodiversity, and therefore an argument for well-developed BGI, showed
that a rich biodiversity further increases the positive mental effects of blue-green infrastructure
(Fuller, 2007). Plant richness and number of habitats was shown to have an effect on creating better
areas for e.g. reflection. Moreover, the research showed that green space user’s particular took
notice of plant diversity.
On the other hand, a study by Maas from 2010 of 4.500 people in Holland showed no significant
impact of green space as a buffer between stressful life events and health. A small impact was seen
when the green space was within a 3 km radius of the home. However there was no significant
impact when the green space was within a 1 km radius of the home. According to Maas and her
fellow researchers, this might be due to two factors, the first being that the size of the green space
available within a 1 km radius might be of poorer quality than one within a 3 km radius. Also there is
room for larger and more natural green spaces in a 3 km radius compared to than a 1 km radius.
The second factor is identified as the sample size, which is significantly smaller than previous
studies.
Not only does exposure to green spaces and BGI increase the users mental health, but it also
related to a more physically active and healthy lifestyle.2 The US forestry commission found that
residents living in green neighbourhoods are 3,3 times more likely to be physically active compared
to residents in non-green neighbourhoods (Forestry commission, 2010).
In Copenhagen, a study from 2006 found that the socio-economic benefit to society from reduced
inactivity and reduced health care costs were 25 kr. (5 SGD) per person per hour. The benefit of
increased productivity was calculated to be 64 kr. (13 SGD) per person per hour (Trafitec, 2006).
Adjusting for inflation and price developments, this correspond today to 29 kr. per person per hour
for reduced health care costs and 75 kr. per person per hour for the increased productivity, or 6 SGD
and 16 SGD respectively (Panduro, et.al, 2014.)
In the UK, the cost of securing 1 quality-adjusted life year for patients with cardiovascular disease
has been calculated to be £17.000 per year using the current medical treatment: statin supplements.
However, a study from 2005 showed that the same results could be reached by doing physical
activity in green areas, and at a fraction of the cost; £450 per year. This represents a reduction in the
price of 97 pct. Moreover, the study found that there are fewer side effects from the physical
exercise. (Bird, 2005)
A study from 2009 showed that cycling in Copenhagen, with a 10 pct. increase would lead to a $12
million benefit in reduced health care costs, $31 million in increased productivity, reduce absence at
work by 3,3 pct., add 61.000 years of life and reduce 46.000 years of serious illness. (Jensen, 2009)
Bishan Ang-Mo Kio Park is in general a popular site for users with interest in nature due to its
biodiversity and the combination of the naturalised river and natural landscaping. This creates hot
spots for bird watchers and wildlife photographers who can be spotted carrying around large
telescope lenses. When talking to the wildlife enthusiasts it is clear that they greatly appreciate the
2 It is unclear whether people who are physically active choose to live nearby green spaces and BGI, or if green spaces and BGI help people change their lifestyle. It is
most likely a combination of both arguments, but with a skewed advantage towards physically active people choosing to live nearby green spaces and BGI in order to
be able to live their physically active lifestyle.
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regeneration of the park, and particularly the river, which has introduced an almost completely
natural habitat for wildlife. At the time of writing, river otters had started being spotted in Bishan-Ang
Mo Kio Park. The otters are living in the Marina Bay area, and travel up river in order to hunt and
look for new living quarters. Bishan-Ang Mo Kio Park is particularly interesting for the otters as there
are many fish in the river. Throughout the park, signs warning people against wild boars and
monkeys can be seen. These larger mammals travel down from the upstream Lower Pierce
Reservoir. Larger birds can also be found, herons, eagles and kites, showing that there is abundant
wildlife feeding even large predators in the food chain.
Many respondents from the onsite interview remark a feeling of being in nature, and being close to
nature when they are in Bishan-Ang Mo Kio Park. One of the morning fitness groups had even
moved location in order to have a better view of the ponds adjacent to the water playground.
Research from CUGE also supports this remark. A study on how mental health was restored while
using the park showed that on a scale from 1-5 (5 being the highest) Bishan-Ang Mo Kio Park
scored 4,1. This shows that the park users identify Bishan-Ang Mo Kio Park as a place where they
go in order to feel better. The study did however not provide a baseline comparison of a population
in a normal urban environment. It is therefore hard to identify the significance of Bishan-Ang Mo Kio
Park on mental health restoration on the general population.
Table 10 Mental health restoration in Bishan-Ang Mo Kio Park
Bishan Ang-Mo Kio
Park
4,1

Restoration scale
Specific Elements of “restoration”
Calming
Restored and relaxed
New enthusiasm and energy for routines
Increased concentration and alertness
Worries forgotten
Clearing and clarifying thoughts

4,2
4,2
4,1
4,0
3,9
4,1

Scale: 1 = not at all, 5 = completely
Source, Kho, et.al. 2014b

Although there is a strong natural connection with Bishan-Ang Mo Kio Park and the respondents in
general praised the park for its beauty and attractiveness, littering is also an issue in the park.
According to the park managers there is not a particular difference in the way people litter in BishanAng Mo Kio Park compared to any other park. Most littering can be found close to the food and
beverage places in the park, e.g. McDonalds. The river is mainly polluted by runoffs from the nearby
streets. Vandalism is not a particular high issue in Singapore in general, but the park managers have
on several occasions experienced vandalism, as well as broken equipment and minor graffiti issues.
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2.3

Activities in the park
From the meetings with NParks, the landscape architects Atelier Dreiseitl, and the interviews held
onsite, a non-exhaustive list of activities has been compiled below. The list is split into either inactive
or active activities, which is mainly differentiated as activities that will both raise the pulse and
generate sweat production, or activities that are more relaxing. No difference has been made as to
whether the activities are social or solitary.
Table 11 List of activities in Bishan-Ang Mo Kio Park
Inactive
Gardening
Picnicking
Religious celebrations
Foot Reflexology walking
Sitting
Dog Walking/training
Flying model airplanes / drones /kites
Social gatherings and festivals
Dating*
Walking
Qi Gong
Fishing
Bird watching
Photography
Nature walks
Dining at restaurants/cafes
Visiting and playing at playgrounds
School excursions
Movie production

Active
Cycling
Running
Skating
Yoga
Martial Arts
Ball games
Frisbee
Football
Roller blading
Thai Chi
Zumba
Dancing
Cricket
Work-out at the open gyms
Active walking**

*Dating might not be as different from picnicking or walking/sitting in its form of activity. However the significance of Bishan-Ang Mo Kio Park as
a dating place makes it relevant to also highlight dating as an individual activity.
**Walking is differentiated from active walking by being on a leisure and stroll level. Active walking is however a physical activity meant to raise
the pulse and generate sweat.
Source: NPARKS, PUB, CLC, AD, and onsite interviews and observations

Research by NParks research institution CUGE further explains how more than 60 pct. of the users
of Bishan-Ang Mo Kio Park use the park for exercise purposes (Kho, et.al. 2014b). A figure that is
slightly lower compared to other parks in Singapore, such as Bedok and Pungol Water Way.
Moreover, around 20 pct. of the people use Bishan for relaxing purposes, and around 10 pct. use it
for socialising purposes. The most popular physical activity was walking, whereas other parks were
most used by either runners or cyclists. Kho and her fellow authors argue that this pattern reflects
the design and characteristics of the parks, with Bishan-Ang Mo Kio Park having extensive pathnetworks along the river. Many users, particularly the elderly groups doing exercise in the morning
indicate that they not only use the park as a ground for exercise, but also afterwards socialise with
their fellow practitioners.
This argument is also found in research from CUGE, where the main activities associated with
frequent use of the park were walking, jogging, the use of exercise facilities, walking the dog and
cycling (Kho, et.al. 2014b). CUGE further finds that seniors in the age group 60-81 are the most
frequent walkers in Bishan-Ang Mo Kio Park, whereas adults from 30-44 years are most frequently
using the playgrounds with their children. Middle-aged people from 45-59 years are mainly joggers,
and the young group from 18-29 are mainly using these activities less than the average and are
using the park for other purposes (ibid.).
Using the figures from the Danish study on Sønder Boulevard, the socio-economic benefits of
physical activity can be assumed to be 6-16 SGD per hour per person. Although these are Danish
figures, they can be used to create an identification of the added benefits of exercising in parks. We
know from our public life study, that 16 pct. of the park users are biking, 25 pct. are running, 50 pct.
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are walking, 4 pct. are intense walking, 2 pct. are skating, 2 pct. are walking their dog and 1 pct. are
doing other things (Leonardsen and Tovatt, 2015). We also know that not all of these activities are
hard physical activities, as this would only include: Cycling, running and intense walking. Moreover,
we know that the average time spent in Bishan-Ang Mo Kio Park is 67 minutes, which for the
purpose of conservative estimations is rounded off to be 1 hour. Combining all these figures, as is
done in Table 12 below, we can see that the socio-economic value of exercise is worth around 1643 million SGD per year, whereas the baseline scenario has a socio-economic benefit of 8 million
SGD per year.
Table 12 Socio-economic value of exercise in Bishan-Ang Mo Kio Park
Division of
activity
Cyclists

16%

Time
spend in
min.
67

2.920.000

5.840.000

15.570.000

Runners

25%

67

4.420.000

8.840.000

23.570.000

4%

67

750.000

1.500.000

3.990.000

8.090.000

16.180.000

43.130.000

Intense walker
Total

45%

Baseline

Conservative
scenario

Probable scenario

Source: Leonardsen and Tovatt, 2015; Trafitec, Panduro and Grontmij, own calculations

2.3.1

Other Activities in Bishan-Ang Mo Kio Park

Being close to a major movie and TV series production company, the park is often used as a
backdrop for the productions. Bishan-Ang Mo Kio Park is viewed as particularly picturesque and it
also featured as backdrop in many photo shoots. Several couples come to Bishan-Ang Mo Kio Park
to have bridal pictures taken, or family photos (NParks, 2014)
One respondent indicated that there was little plant diversity present in Bishan-Ang Mo Kio Park.
Although several different species of plants are in Bishan-Ang Mo Kio Park, the respondent
indicated that they were all green and that colours are missed.
Several eco tours are arranged in Bishan-Ang Mo Kio Park by NParks, particularly in the school
breaks where learning events are held. Friends of Bishan-Ang Mo Kio Park is a group of students
that go to Bishan-Ang Mo Kio Park in order to pick litter and help to keep the park clean. In
November 2014, the group gathered more than 100 students who spent an afternoon cleaning the
park.

2.3.2

Green space

The park is often used as a social hotspot for families, elderly and young groups, who meet, walk,
and play games and picnic. It is common that food is brought along, and during the more sunny
hours of the afternoon (until 5 pm) shade is used either from the shelters or from trees. As the
riverside is not particularly shady, this area is less frequented at those times. After 5 pm however,
when the sun starts to recline and the heat decreases, the embankments and viewing platforms are
occupied, providing an even platform with a great view of the meandering river.
Larger groups of students use the park as a social gathering place and play games. It is a way to get
friends from many parts of the city together, and Bishan-Ang Mo Kio Park is identified as a good
place to do so because of the large open green areas. Bishan-Ang Mo Kio Park is also less
populated compared to other parks, making it easier to do larger social events.
One complaint that has been raised by several people is that there is not enough shade near the
river embankment. This means that some feel uncomfortable running or walking in the hot sun,
these people retreat to the other side of the park, where older trees with larger canopies create
shade and cooler temperatures. NParks have recently started to plant many trees along the
pathways that follow the river. These trees, although young and small now, will in a few years’ time
provide significant shading to accommodate all users of the park.
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2.3.3

Blue space

Bishan-Ang Mo Kio Park is identified as a park, which has a special characteristic, namely the
seamless overlap between the green and the blue space. The embankment and the river create a
beautiful landscape to watch while walking, sitting or doing exercise. All respondents identified the
blue space as an attractive feature. This can also be seen both in the patterns of how people move,
and how people cross the bridges. People slow down when crossing the bridges, stop and take in
the view and the water, look at the fish, take pictures, and fish (although this is not encouraged by
NParks).
Many families can be seen walking in the river, having nets out the families explore the waterway, try
to catch fish, water insects and tadpoles. The water is not just seen as an interesting way to explore
nature, but also as a way to cool down feet in the hot sun. When the sun sets, the families also
retreat from the water.
Fishing is a big part of Bishan-Ang Mo Kio Park, due to the many fish in the river, kids come on their
own or with parents and sit on the bridges and try to catch fish, although this is not encouraged by
NParks. In the pond gardens, it is allowed to fish, and fish are regularly put out in order to give the
fishermen something to catch. On a normal day, up to 10 fishermen can be observed around the
edges of the ponds fishing.
The water playground in Bishan-Ang Mo Kio Park 1 is very popular amongst both the kids using the
playground, and the parents. It can be observed how kids learn to work together in order to get the
water flowing in the right way, or create dams in order to flood an area.
Although the water is frequently used, there is no encouragement from NParks to use the water
more. Among the senior generation, a conception that it is not legal to be in the river exists.
Moreover, the public institutions have a conception that the water could pose a risk to the public, as
the main function is as a storm water drain and not as a river for exploration.

2.3.4

Food and Beverage revenue

BGI has an impact on the food and beverage businesses (F&B) that are located either in or near the
BGI. Literature has not focused on the aspects, however an American study found that shoppers
claim that they will spend 9% to 12% more for goods and services in central business districts
having high quality tree canopy. Furthermore, shoppers indicate that they will travel greater distance
and a longer time to visit a district having high quality trees, and spend more time there once they
arrive. (Wolf, 2014)
In order to estimate the effect of the redevelopment of Bishan-Ang Mo Kio Park on the local F&B
establishments, an interview was held with a local F&B owner in Bishan-Ang Mo Kio Park. During
the interview, Michael The, owner of the Aramsa Spa and Canopy Restaurant and Bar, described
that the transformation and the effect that the redevelopment had increased the turnover by more
than 50 pct. The Aramsa Spa and Canopy Restaurant and Bar have been located in Bishan-Ang Mo
Kio Park since 2005, and Michael The therefore has a long history in the park to compare the
development of the turnover.
During the literature review and the interviews, it has, however, not been possible to identify a
concrete monetary value of the turnover.
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2.4

Public Spending
The second main category of impacts of BGI on society is the public spending. BGI are most often
available to the public and are controlled by a public institution; either on a city, regional or national
level. The public is therefore also the one who most often has to invest in the BGI, although the
public investor does not necessarily reap the economic benefits. This section will therefore focus on
the major impacts from BGI on public spending, and try to identify how the public either experiences
costs, or benefits from BGI. The process will again focus on information obtained through literature
and through interviews with relevant government bodies in Singapore, who can shed light on the
impacts on public spending by Bishan-Ang Mo Kio Park.
Firstly, the capital costs and the operational costs will be explained. These are the costs that the
public invests in the BGI in order to build it, and to make sure that it remains fully functional and
operational over time. City governments are often challenged by tight budgets, choosing the right
investment is therefore not always a choice of “want”, but more often a choice of “need”. Working to
create a good city involves prioritizing, and it is not possible to get everything that a city, its
politicians and its citizens want. BGI might just be an answer to some of these questions, as both
local cases in Singapore and international cases show that the business case for BGI is lucrative for
cities, when comparing with the conventional “grey” infrastructure projects that only serve a single
function, e.g. water transportation.
Secondly, I will briefly highlight the impacts and the implications of doing nothing. An investment in
BGI is an act of “doing something” and should be compared to a scenario where we continue on the
same path as before. BGI, and Bishan-Ang Mo Kio Park serves not only a purpose as a blue and a
green space for the public, but also serves as a project that adapt the city to a changing climate. The
hydrological capacity in the Kallang river, running through Bishan-Ang Mo Kio Park, was upgraded
from a 1 in 15 year rainstorm, to a 1 in 25 year rainstorm, an increase of around 40 pct. according to
PUB. Extreme weather events have proven disastrous around the world, and insurance claims have
skyrocketed from Denmark to Canada, to Indonesia and the Philippines. Adapting to a changing
climate and reducing risks is a direct benefit, where BGI often proves just as good, if not better, at
coping with the changing climate than conventional “grey” infrastructure.
Lastly, the effects on real estate will be described. A substantial amount of evidence is mounting
around the globe showing how high quality BGI projects can increase real estate value. In some
cases, a redevelopment or an new BGI have increased real estate values by as much as 20 pct.
Real estate value is of particular importance to city governments, as a large portion of cities around
the world get the majority of the income from real estate taxes and from selling land to developers.
By creating high quality BGI projects, a city might actually be able to influence housing prices,
thereby creating a revenue stream that can help fund the sustainable and liveable development of
the city through more BGI projects.

2.4.1

Capital and Operational Costs

As mentioned above, BGI is most often the property and responsibility of the public sector. This
could be National Parks or it could be city and pocket parks. As Bishan-Ang Mo Kio Park is the main
focus of this paper, this section will only focus on city scaled BGI. Moreover, only projects definitively
designed for hydrological purposes, such as the capacity to handle cloudbursts will be analysed.
A report by American Rivers, the American Society of Landscape Architects, Econ Northwest and
the Water Environment Federation from 2012 found that blue-green infrastructure3 helped to lower
capital, operational and maintenance costs by as much as 75 % (American Rivers, et.al, 2012). One
of their main points was that blue-green infrastructure was able not only to reduce the capital costs

3 It is important to note here that the by American Rivers, the American Society of Landscape Architects, Econ Northwest and the Water Environment Federation did
not look at BGI but only blue-green infrastructure. They did however identify social benefits coming from the analysed blue-green infrastructure projects (American
Rivers, et.al, 2012)
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but also significantly decrease the operational and maintenance costs, making it more profitable for
cities to invest in blue-green infrastructure compared to conventional stormwater infrastructure.
In 2012 the city of Copenhagen set out to identify the best way to adapt to a changing climate.
Ramboll, a Danish engineering company, found that the city could save 200 million USD by using
blue-green infrastructure mixed with ”grey” infrastructure, rather than only using ”grey” infrastructure
solutions (Ramboll, 2013). This represents a saving of 25 pct. However, the operational costs where
at the same time higher, making it more costly to run the BGI compared to the conventional
stormwater management system. The increase in the operational costs where, on the other hand,
only 10 pct. and represented a 20 million USD increase over the project lifetime. This clearly shows,
that even though the costs of operation are higher, it is not anywhere close to comparing to the
major capital expenditure saving experienced by choosing BGI.
According to PUB, the capital cost of Bishan-Ang Mo Kio Park was 75 million SGD. This figure
includes the construction of the river and the construction costs for upgrading the park itself.
Factoring out the capital costs for the park and only looking at the costs of turning the 2,7 km long
concrete river into a naturalised meandering river, the costs of the river is 50 million SGD (Atelier
Dreiseitl, 2015 and PUB 2015). The costs of constructing the river can be further split into two
categories, where 35 million SGD was spent directly on the construction of the riverbed, and
generating the proper flow, tearing down the concrete canal etc. The remaining 15 million SGD were
spent on the Active Beautiful and Clean (ABC) water features program. These costs include the
naturalisation, planting the right types of plants, ensuring physical access to the river and
incorporating cleaning processes. The table below summarises the costs of the ABC features, the
cost of constructing the river and the park.
Table 13 Capital expenditure for Bishan-Ang Mo Kio Park
ABC water features
River
Park
Total

Capital cost (SGD)
15.000.000
35.000.000
25.000.000
75.000.000

Source: Atelier Dreiseitl, PUB

When evaluating the costs of the naturalised river in Bishan-Ang Mo Kio Park, it is imperative to
compare the costs of construction with the alternative. In this case, that would have been to update
the existing concrete canal. Although no actual costs were calculated or made public that compared
the naturalised river with a concrete canal, several current projects in Singapore now show the costs
of updating concrete canals. Looking at the costs per metre for Bishan-Ang Mo Kio Park, it can be
calculated that it cost around 19.000 SGD per metre of naturalised river. This figure can provide us
with a reasonable and fair metric for comparing the costs of a naturalised river to a concrete canal.
Through talks with PUB and by analysing public tenders and news articles, it has been possible to
identify three comparable canal stretches that will give us an idea of the costs of upgrading an
existing concrete canal. The three concrete canals in question are all similar to the previous
concrete canal running through Bishan-Ang Mo Kio Park, and have all been upgraded, or have
recently started construction.
Stamford Canal is the first comparable concrete canal and also the most expensive of the three
cases. Being a total length of 1,4 km the total construction cost of the canal is 107 million SGD, or
75.000 SGD per metre of canal (Today Online, 2014). The second example is Geylang Canal, a 850
metre long concrete canal which was upgraded at a costs of 38 million SGD (AsiaOne, 2014). This
equals 44.000 SGD per metre of canal. The third example, and the cheapest is Alexandra Canal,
which opened in 2011 and is a 1,2 km long canal constructed at a cost of 34 million SGD, or 28.000
SGD per metre (AsiaOne, 2011). All of these canals cost more than Bishan-Ang Mo Kio Park per
metre, which had cost per metre of 19.000 SGD. The average costs of the three canals is 49.000
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and is 2,5 times as expensive as the construction costs of the naturalised river in Bishan-Ang Mo Kio
Park. The figures are illustrated in the graph below.
Figure 5 Cost per metre for conventional concrete rivers compared to Bishan-Ang Mo Kio
Park

Source: PUB, Atelier Dreiseitl, AsiaOne, Google Maps, Own calculations
Note: It should be noted that the first two concrete river canal projects, the value has been taking from the original tendering material, and
therefore highly overvalues the capital costs per metre.

Using the average cost per metre as a proxy for the construction costs of a concrete canal in
Bishan-Ang Mo Kio Park instead of the naturalised river would mean a cost of 133 million SGD.
Compared to the actual cost of 50 million SGD; this equals a saving of 83 million SGD.
It has not been possible to identify the actual costs of operation of the naturalised river. By using the
savings of 83 million SGD as a proxy, the operational costs can be computed so the total value of
construction and operation of the naturalised river will equal 133 million SGD. By using the 30 year
lifetime of a concrete drain as an indication of lifetime, and a discount factor of 3, pct. (see chapter
3.2 for details of the assumption for the cost-benefit analysis), it can be estimated that for the costs
of the naturalised river to equal 133 million in the net present value, a yearly operational cost of 4,5
million SGD is needed. Although there is no comparable figure, the yearly costs of the naturalised
river in Bishan-Ang Mo Kio Park would not be 4,5 million SGD. This would mean that the whole river
could be reconstructed every 10 years and according to PUB, the naturalised river has an expected
lifetime of 50 years, 20 years more than a concrete canal.

2.4.2

Cost of doing nothing

There are costs involved in all aspects of a decision. As we saw above, it cost 75 million SGD to
construct Bishan-Ang Mo Kio Park, and it would have cost more than 130 million to create a new
concrete canal instead of the naturalised river. If neither the naturalised river, nor the concrete canal
would have been build or upgraded, then there would still have been costs involved as there was a
need to update the hydrological capacity from 1 in a 15-year rain event, to a 1 in a 25-year rain
event. If nothing had been done, it is likely that the costs of doing nothing would have been high.
The so-called cost of doing nothing concept has already been showcased with rising costs over the
past decades due to extreme weather events. Estimates by SwissRe show that the annual insured
losses due to extreme weather events have increased from around $ 6 billion in the 80’s to around $
30 billion in the 00’s globally (SwissRe, 2014).
In the US the Federal Emergency Management Agency estimated that 20-25 pct. of insurance
claims due to flooding stems from stormwater damages (FEMA, 2005). This corresponds to an
annual loss of minimum $ 250 million.
Likewise, the Insurance Bureau of Canada (IBC) have calculated the trend in catastrophic losses
related to extreme weather events in Canada over the last 30 years, seen in the graph below. On
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average, the annual losses were “stable” at $ 400 million a year in the period 1983-2008. Over the
last five years; however, the insured losses have been above $ 1 billion dollar annually (IBC, 2014).
Figure 6 Catastrophic Losses in Canada (billion dollars)

Source: IBC

Not only have the current costs of doing nothing increased, but also will the continuous lack of action
increase costs due to extreme weather events. The City of Copenhagen, Denmark, created a cost
benefit analysis to showcase the increasing costs of doing nothing to adapt to climate change. By
calculating the probability of extreme weather events and the probability of damage, the city has
been able to calculate the costs of doing nothing until 2100 (City of Copenhagen, 2011). Although
there is significant uncertainty with regards to the forecasting models over such a long period of
time, the risk modelling of Copenhagen illustrate how the costs of doing nothing will continue to rise.
In the period of 2010-2014 Copenhagen has been hit by 4 major cloudburst events, indicating that
the there is a need for immediate action.
The most relevant and straightforward way to benefit from climate adaptation is to measure whether
the direct investment costs are outweighed by the expected prevented damages. The process
follows, that the economic benefits of prevented damages are compared to the capital, operational
and maintenance costs of the adaptation measure. SwissRe published a report in 20094 on the
economics of climate adaptation called “Shaping Climate-Resilient Development: A Framework for
Decision-Making”. The report outlines a cost benefit analysis for 8 different case studies, showing
how the costs are outweighed by the benefits (SwissRe et al, 2009). In Florida, flooding from
hurricanes currently proposes an annual loss of $ 17 billion5 and is expected to increase to $ 30-33
billion by 2030. These figures take into damages from windstorms, storm surges, rainstorms,
increase in economic growth and a changing climate.
Figure 7 below is a graphical illustration of a cost benefit analysis of the individual measures where
the cost of each measure is divided by the benefits in terms of prevented damages. The measures
are thereafter ranked after which measure is most cost-effective. The Y-axis shows the relationship
between costs (capital, operation and maintenance) and benefits (prevented damaged), the X-axis
shows the prevented damages. In total, the measures identified by Swiss Re will prevent around $
18 billion dollars of annual damages, where the expected damages are $ 30-33 billion. More than
half of the damages can be prevented. From this, $ 12 billion, or roughly 40 pct. of the damages can
be prevented by measures where the benefits outweigh the costs.

4 Together with the Climate Works Foundation, Global Environment Facility, the European Commission, McKinsey & Co., The Rockefeller Foundation, and Standard
Chartered.
5 2008 dollars
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Moreover, the total analysis illustrates the combination of measures with net economic benefits and
measures with net economic loss combined will provide a total case with economic benefits
outweighing the costs. It is then up to decision makers to identify the level of security and the
amount of prevented damage that is acceptable.
An interesting point to highlight is that the measures with the lowest cost-benefit ratio are the
measures that handle the water either through natural blue-green infrastructure elements such as
beach nourishments, whereas the more expensive measures fall within the classic grey
infrastructure investments. The figure below illustrates the example of Florida by Swiss Re.
Figure 7: Cost benefit analysis of climate adaptation in Florida

Source: SwissRe

Bishan-Ang Mo Kio Park has been upgraded from a river with a capacity to handle a 1 in 15 year
cloudburst event to a naturalised river with a capacity to handle a 1 in 25 year cloudburst event
(PUB, 2015). However, there has not been done any economic calculation on the gains in terms of
reduced damages on public and private property by this expansion. This topic will therefore not be
included in the further socio-economic cost-benefit analysis. It can however be said, that as a
minimum, the risk of damages and therefore any economic loss has been reduced by the
redevelopment of Bishan-Ang Mo Kio Park.

2.4.3

Real estate value

BGI have been identified through a wide variety of studies to be a well-functioning method to
increase real estate value, particularly through either the establishment or renewal of parks and
public recreation areas. This has a significant impact on public spending, as many cities around the
world depend heavily on real estate taxes as their funding source. Increases in real estate values
can therefore be viewed as an attractive method to increase municipal revenues and reap some of
the economic benefits of investments in BGI.
A challenge, which is important to discuss, is that the real estate prices are not only affected by BGI,
but by the general economic development and the general housing prices. The studies that are
referred to below have, however, all adjusted their pct. increases of BGI for the general price
development, which for instance is further clarified in the case from Seoul, South Korea.
The Danish Nature Agency has shown that there is an effect of 1 pct. higher real estate value per 1
hectare of green space compared to comparable real estate's where no green spaces are found.
When the distance to the park exceeds 500 meters, the effect drops to roughly 0,5 pct., but can still
be measured up to 1.000 meters away. In total, the study found that parks can have an effect of up
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to 10 pct. (The Danish nature agency, 2013). The City of Copenhagen found that the value of
Sønder Boulevard, a small park in the city centre of Copenhagen was worth 351 million DKK out of a
total real estate capital of 41.700 million DKK. This corresponds to roughly 1 pct. (The city of
Copenhagen, 2014).
In New York City, the completion of the Hudson River Park near Greenwhich Village has raised real
estate prices by 20 pct. (Green, 2009). The effect was shown in the adjacent two blocks, a spill over
effect of the park of around 200 meters. The Trust for Public Land has conducted studies in several
cities in the US that show that green urban spaces have significant effects on real estate values.
They estimate the effect to be between 5-15 pct. depending on the quality of the green space, and
on the proximity to the real estate (Trust for Public Land, 2009).
In Seoul, South Korea, the demolition of a two-storey highway and the reintroduction of the
Chengyecheon River6 have meant increases in real-estate values of up to 25 pct. (ITDP, et.al.
2012). At the same time other areas in Seoul only saw increases of 10 pct. in the real estate value. It
can therefore be reasoned that the value of reinstating the stream had an effect of roughly 15 pct.
points.
In 2014 and in 2015 the Ministry for Environment and Water Resources have used a hedonic price
model to analyse the effect of Bishan-Ang Mo Kio Park on the nearby real estate. The research
showed that Bishan-Ang Mo Kio Park had an effect of 2-4 pct. and that the overall value of the park
could be calculated to be 100-200 million SGD (Ministry of Environment and Water Resources,
2015). Although Singapore has a large revenue stream from its real estate taxes, the study did not
look into the value increase for the tax budgets. The Inland Revenue Authority of Singapore (IRAS),
who claims the taxes, indicates that real estate is taxed from 10-20 pct. of the annual value of the
real estate (IRAS, 2015). If the value from Bishan-Ang Mo Kio Park is 100-200 million, and it is taxed
at the lowest rate of 10 pct. this equals an annual tax benefit of 10-20 million SGD.

2.5

Ecosystem
An integral part of BGI is a well-functioning ecosystem. This is exemplified in Bishan-Ang Mo Kio
Park where the ecosystem has been a high priority, and the landscape and the flow of the river has
been specially modelled to imitate and work as an actual river. During the last couple of years, the
biodiversity has been increasing with reports of more than 30 pct. increase, and even with sightings
of larger predators such as river otters becoming more and more common.
In the conventional cost-benefit analyses the effects and the impacts of ecosystem services are
often not accounted for in monetary terms, even though the services a well-functioning ecosystem
provides can be significant for the health of the city and its economy. In the section on public life, it
has already been illustrated that BGI provides significant benefits for the human mental and physical
health; biodiversity further increases the positive mental effects of blue-green infrastructure (Fuller,
2007).
Moreover, the increased biodiversity is not the only impact of a well-functioning ecosystem. Water
management is one of the key functions and reasoning behind Bishan-Ang Mo Kio Park, and the
design of the river does not only account for increased rainfall, storm events, and “damage control,”
but the biotope in Park 1, and the plants in the river actively help to clean the water. BGI also assists
in reducing the local air and surface temperature. In cities such as Singapore, the phenomenon
urban heat islands are well known, and every year, millions of dollars are spent on air conditioning.
This is a tangible way to illustrate how urban heat island effects can be reduced through greening of
cities.

6 It should be noted that the Chengyechon River is not a BGI per say, as it does not serve a specific hydrological function. However, in relation to real estate values, the
important aspect is the beautification of the area rather than the actual hydrological functions.

Page 25

Furthermore, studies from around the world are showing that BGI actively have an effect on
reducing pollution from particularly roads. Trees and bushes filter the air, having the pollutants stick
to their leaves, and then wash away in the rain. Around the world, thousands of people die every
year from air pollution induced diseases such as lung cancer and other respiratory diseases.
Likewise, noise is a significant stress factor, where BGI often is found, as mentioned above, to
reduce stress and induce calmness in park users.
These aspects will be explored more in detail below.

2.5.1

Increased biodiversity

Increased biodiversity is a main factor in BGI, and provides both a wide variety of present and future
benefits to users, ranging from medicinal plants and animals to pollination (Costanza, et al., 1997).
Species that take up residence within BGI, such as woodpeckers, have an estimated global pest
control value of $11.4 billion per year (Talberth & Moskowitz, 1998). The U.S. Forest Service
estimates that it would require $7 per wild acre to replace these species with pesticides (Krieger,
2001). Wild pollinators create an estimated $4-$7 billion worth of value in the U.S. alone. Finally,
diverse and well-adapted plant species in much of the country have unique strategies for preventing
massive wildfires that are not always shared by invasive species. Protected areas’ management
plans for non-native grasses have been shown to prevent frequent potentially costly forest fires in
the Southwest U.S. (Archer & Predick, 2008). As is evident above, biological diversity can be valued
through avoided costs, replacement costs, contingent valuation, HPM, and factor income methods
(De Groot, Wilson, & Boumans, 2002).”
Another factor, related to e.g. pest control is mosquito breeding where particularly cities like
Singapore have and are still under threat from mosquito borne diseases such as malaria and
dengue fever. Mosquito breathing in Bishan-Ang Mo Kio Park is kept very well controlled, in part by
the continuous running water, and the large population of dragonflies. The park managers report that
they are using very little mosquito poison in order to control the situation, saving both the
environment the burden of the poison and the society of the added economic costs of mosquito
poison (NParks, 2014)7.
Biodiversity in Bishan-Ang Mo Kio Park has been greatly increased with some estimates of more
than a 30 pct. increase (Atelier Dreisetil, 2015), and there are now even observations of larger
mammals, indicating that the ecosystem is healthy and growing.
Studies have indicated that people find Bishan-Ang Mo Kio Park as a place for being in contact with
nature, and as a place to relax and contemplate. However, no studies have been identified that
explore and quantify the socio-economic benefits of the increased biodiversity and the wellfunctioning ecosystem.

2.5.2

Water management and Urban Heat Island

The cleansing effects of BGI with well-functioning biotopes that clean water can become significant
in situations where water is scarce and polluted. In Singapore, following the ABC water program, the
aim is to have a self-sufficient water supply using rainwater, desalination and the re-use of industrial
water (PUB, 2014). Because rainwater, which flows through Bishan-Ang Mo Kio Park, can become
contaminated from roads, trash, and other contaminators the water has to be cleaned before it can
be pumped out to the public. This represents a massive economic cost to the society, as chemicals
have to be bought and imported8.
However, using biotopes to clean water can provide water that only needs to go through UV
scanning in order to be classified as drinking water (Atelier Dreiseitl, 2014). Creating BGI with
7 No exact figures were given, and it is not certain how massive the economic or environmental benefit from reduced poisoning actually is.
8 Moreover, these chemicals are not always extracted in the most environmentally friendly way, meaning that there are more environmental damages caused at the site
of extraction or production, which might not necessarily be in Singapore.
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biotopes could therefore be a possibility to save the society for significant economic and
environmental costs. This has however not been researched further, as interviews with PUB show
that the water coming from Bishan-Ang Mo Kio Park is mixed together with water coming from
conventional drainage systems.
Around the world, however, several examples of active water management as an economic driver
have been identified. The city of New York decided to invest in better natural land, farming, and
water management upriver in order to improve the water quality. The costs were $ 1 billion. A water
treatment plant at the cost of $6-8 billion could obtain the same result. The water bill financed the
costs with an increase of 9 %. The water treatment plant would have meant an increase of more
than 100 %. (Juniper, 2013)
Moreover, with regards to cooling effects, trees and urban green and blue spaces have been found
to decrease temperature in the local area. This is done through the shading provided, and the heat
absorption and radiation effects compared to e.g. concrete. Research in Manchester found that trees
can reduce temperatures in paved open public space by up to 13 degrees (Gill, Handley, Ennos and
Pauleit, 2007)
In the US, trees and parks have been found to reduce local air temperature by 0,5-5,0 degrees. The
net cooling effect of a young and healthy tree is equivalent to ten room-size air conditioners
operating 20 hours a day (US Dept. of Agriculture, 1994). This represents a significant economic
saving, as well as CO2 emissions from the energy production9. No distinct link can be made to
Bishan Ang-Mo Kio Park, as neither temperature data nor energy use in the adjacent buildings has
been identified.

2.5.3

Air and noise pollution

Pollution from either air or noise is a significant health impact, where BGI has proven to provide
significant socio-economic benefits. A study from Denmark, surveying roughly 1200, people found
that the mean willingness to pay for noise reduction was 1000 DKK per household per annum (220
SGD) (Fosgerau and Bjørner, 2005). Moreover, another study in Spain found that “households are
willing to pay approximately four euros per decibel per year… most are willing to pay more for larger
decreases in the level of disturbance from noise” (Barreiroa, 2005).
Air pollution can lead to coronary heart diseases, cancer related diseases and is often linked to the
premature death of city residents. Furthermore, air pollution has a profound effect on the climate and
results in a changing climate
The socio-economic value of air pollutants differs from country to country, depending on the method
of calculation, and the economic output of the economy. In Denmark, the cost of CO2 is much lower,
as the gas is a global air pollutant. A local air pollutant, SOx is almost 10 times as expensive in
Denmark compared to the US. In the US prices range from $870-6100 per tonne of air pollutant
removed (Trust for public land, 2009).
In the US, the following table can be made in order to show the effect of both air pollution removals
per Ha of vegetation (trees and bushes) per year.
Table 14 Air pollution gas removal by trees and bushes, tonnes per Ha per year
CO2
NOx
O3
PPm
SOx

Seattle
0,01
0,02
0,04
0,03
0,02

Virginia
0,00
0,02
0,06
0,03
0,01

Mecklenburg
0,00
0,02
0,14
0,07
0,02

9 Assuming a normal energy supply from burning coal, gas, oil or biofuels.
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Denver
0,00
0,02
0,02
0,03
0,01

Philadelphia
0,02
0,10
0,18
0,27
0,10

Wilmington
0,01
0,01
0,17
0,10
0,04

Average
0,01
0,03
0,10
0,09
0,03

Source: The Trust for Public Land, DMU, TERESA (xxx)

Using the socio-economic values from the US and Denmark as proxies for the socio-economic value
in Singapore, then the value of air pollution removal in Bishan-Ang Mo Kio Park is 94.000 SGD per
year. This is under the assumption that around 35 Ha of the 62 Ha large Bishan-Ang Mo Kio Park
has either tree or bush cover. Before Bishan-Ang Mo Kio Park was redeveloped, around 30 Ha was
tree and bush covered, and therefore provided a socio-economic benefit of 80.000 SGD per year.
Table 15 shows the division of benefits after the redevelopment.
Table 15 Air pollution removal in Bishan-Ang Mo Kio Park (SGD)
Air pollution gas

Ton/ha/year

Socioeconomic value
SGD per ton

Ha

Value of
removed

CO2
NOx
O3
PPm
SOx
Total

0,01
0,03
0,10
0,09
0,03

619,65
8.758
8.758
13.093
9.743

35
35
35
35
35

153
9.528
31.670
41.377
11.161
93.889

Source: The Trust for Public Land, DMU, TERESA, Own calculations
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3.

COST BENEFIT ANALYSIS
The cost benefit analysis (henceforth CBA) will build on the data presented in Chapter 3 and
complement the qualitative analysis that was presented for each of the three main categories of
socio-economic impacts. The CBA will look at the direct effects of the socio-economic impacts, and
will therefore not take more systemic socio-economic effects into account.

3.1

Socio-economic costs and benefits for Bishan-Ang Mo Kio Park
In this chapter, I have explored a large variety of socio-economic impacts of BGI on society.
However, some of the impacts are not quantifiable, and even a few of the quantifiable benefits such
as the mental health benefits; it has not been possible in this research project to quantify all the
benefits. In the following section I will summarize the quantifiable impacts that will be used in the
cost-benefit analysis. All of these impacts will be directly linked to Bishan-Ang Mo Kio Park and can
be classified as either being direct impacts on society or indirect impacts. All of the identified
quantitative impacts are also shown in Table 16.
Firstly there are the direct impacts to society, which are the capital expenditure and the operational
expenditure for Singapore. As was seen in section 2.4.1 the capital expenditure of Bishan-Ang Mo
Kio Park was 75 million SGD, where 50 million SGD was directly for the cost of the river
transformation. Comparing these costs to the alternative and the baseline situation, the cost of
upgrading the 2,7 km long concrete canal would have been 133 million SGD, wherefore in our
analysis, society is actually saving 83 million SGD by choosing the river transformation rather than
upgrading the concrete canal.
Moreover we can see that there are no identified costs of operations and management. The
literature is divided on the matter of whether operational expenditure is more or less costly for BGI
than conventional systems. However, interviews with PUB and NParks have indicated that it is more
costly to maintain the naturalised river than a concrete canal. It is therefore safe to assume, that it is
not cheaper to operate the new naturalised river compared to if the concrete canal system would
have been upgraded instead.
We can estimate the maximum operational expenditure that the naturalised river system can have in
order to be equally as expensive as the concrete river. This can be done by analysing the
investment costs of the river in Bishan-Ang Mo Kio Park, 50 million SGD and the investment costs of
upgrading the concrete canal, 133 million SGD over the lifetime of the concrete canal system.
Taking a fixed operational expenditure over 30 years, and discounting it at a 5 pct. discount factor,
the yearly costs have to be equal to 4,5 million SGD per year. In other words, for the naturalised
river to be equally as costly as the concrete canal, the naturalised river can have a yearly
operational expenditure which is 4,5 million SGD higher than the yearly operational expenditure of
the upgrade of the concrete canal.
Secondly there are the indirect impacts of Bishan-Ang Mo Kio Park. These are more related to the
socio-economic aspects, and consist of time spent travelling and being in the park, impacts from
exercise, impacts on real estate value and taxes, and impacts on air pollution.
As has been shown in the previous sections, time spent travelling to Bishan-Ang Mo Kio Park is very
substantial. Before the redevelopment of the park and the naturalisation of the river, approximately 3
million people where using the park, after the redevelopment it has now been estimated that 6
million people use the park. It has also been estimated that the users in general spend between 30
to 210 minutes per visit and 10 to 180 minutes travelling to the park. In total this amounts to a
conservative estimate of 83 million SGD per year, and a probable estimate of 100 million SGD per
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year. In the baseline scenario, with 3 million visits per year, the socio-economic value of time is
estimated to be around 41 million SGD per year.
Exercise is another socio-economic impact from the use of Bishan-Ang Mo Kio Park. With 6 million
annual visits, and roughly 45 pct. of these visits being for exercise purposes, 2,7 million visits every
year are for exercise purposes. The socio-economic benefit is around 26 SGD per user per hour,
and an average visitor spending 1 hour on the physical exercise per stay, the socio-economic benefit
is therefore 16 million SGD per year in the conservative scenario and 43 million in the probable
scenario. The baseline scenario has a yearly benefit of 8 million SGD per year.
The impacts on real estate have been estimated to be around 100-200 million SGD. Moreover, the
tax in Singapore is calculated using the annual value of the rental fees of flats. Using the estimated
real estate value as a proxy for this value, and the tax rates on real estate of 10-20 pct. the tax
benefits from Bishan-Ang Mo Kio Park are 10-20 million SGD per year.
The last socio-economic impact is the air pollution, which is also the smallest impact. Trees and
bushes help purify the air, and have been shown to capture CO2, NOx, small particles, Ozone, and
SOx. The benefits are based on a tree and bush cover of 35 Ha in Bishan-Ang Mo Kio Park. This
accumulates to 94 thousand SGD per year. Before the redevelopment it is estimated that only 30 Ha
where covered in trees and bushes, and the annual benefit is therefore 80 thousand SGD per year.
All in all this can be summarised to be one-time impacts of the capital expenditure and the real
estate value, totalling a benefit of 25 million SGD in the conservative scenario. The yearly impacts
consist of: the operational expenditure, the time spent travelling and being in the park, the exercise
benefits, the real estate taxes and the air pollution. The yearly impacts amount to an annual benefit
of 105 million SGD. All of these impacts are summarised in the table below. The yearly figures only
show the conservative estimates.
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Table 16 Socio-economic impacts (SGD)
Socio-economic
impact

Description

Capital
expenditure

Cost of river was 50 million
SGD and the park upgrade
was 25 million SGD, excluding
the saving of 80 million SGD
compared to a concrete river.
Can be up to 4,5 million per
year and still be a positive
business case

Operational
expenditure

Socio Economic
value

One time

-75 million

-75.000.000

Every year

-4,5 million

-4.450.000

Time spent
travelling and
being in the park

6 million people visit the park.
Between 30 to 210 minutes
per visit. Between 10 to 180
minutes travelling

83-100 million

82.690.000

Exercise

6-16 SGD per person per hour
spent on a physical activity.
With 45 pct. of the 6 million
people using the park every
year for exercise for an
average of 67 minutes.
A 2-4 pct. effect on real estate
nearby the park.

16-43 million

16.200.000

Real estate
value
Real estate tax

10-20 pct. of the value of the
real estate

Air pollution

9 tonnes per year

Total

100-200 million

100.000.000

10-20 million

10.000.000

0,1 million

100.000
25.000.000

104.540.000

Source: PUB, NParks, DMU, TERESA, Trust for Public Land, AsiaOne, Ministry of Manpower, Leonardsen and Tovatt, Own
calculations
Note: Only the conservative estimate is shown in the two right hand columns.

In order to compare and relate the socio-economic costs and benefits of Bishan-Ang Mo Kio Park,
presented above it is necessary to compare the redevelopment of Bishan-Ang Mo Kio Park to a
baseline scenario. The baseline scenario is assumed to be an upgrade of the concrete river canal
and an upgrade of Bishan Park as it looked before. This has already been done in the paragraphs
above and in Table 17, below, the costs and benefits are compared to the conservative scenario. As
can be seen the baseline scenario has a higher capital expenditure, with 133 million SGD for the
concrete canal upgrade and an estimated 25 million SGD for the park upgrade. At the same time,
there is a much lower estimated operational expenditure. This skews the advantage for the concrete
river upgrade, as it is not realistic that the annual operational expenditure of the naturalised river is
4,5 million SGD higher than the operational expenditure of the concrete river. With a capital
expenditure of the naturalised river of 50 million SGD, an operational expenditure of 4,5 million SGD
would mean that the river could be rebuild once every 11th year. This ratio shows that an the 4,5
million SGD that are used in this analysis are too high. However, due to lack of available data it is
used as a conservative estimate.
It can also be seen that it in general is expected that the benefits of time and exercise are half of the
conservative scenario. This is due to the estimated doubling of the number of users per year. There
are uncertainties that can skew this figure both lower and higher, as it is not sure what a general
upgrade of Bishan Park would have meant to the number of visitors. At the same time the current
estimation of the number of visitors to Bishan-Ang Mo Kiop Park is expected to be conservative.
Looking at the real estate value, the current study from the Ministry of Environment and Water
Resources details the effects of Bishan-Ang Mo Kio Park. Although it can be expected that there
were effects of Bishan Park on the real estate value, no such study has been found in the literature.
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It is therefore assumed that effects of the real estate value also reflect the price increase when
Bishan Park was redeveloped to become Bishan-Ang Mo Kio Park.
When comparing the conservative scenario with the baseline scenario, as is done in the table below
it can be seen, that the baseline scenario has a negative one time impact of -168 million SGD and
an annual positive impact of 50 million SGD. The conservative scenario for Bishan-Ang Mo Kio Park
has, as we have seen above, a positive one-time impact of 25 million SGD and an annual positive
impact of 105 million SGD. It can therefore be concluded that the benefits of the redevelopment
outweigh the upgrade of the concrete canal.
Table 17 Comparing costs and benefits of blue-green upgrade to conventional canal (SGD)
Bishan-Ang Mo Kio Park
(conservative scenario)
Socio-economic impact
Capital expenditure

One time

Every year

-75.000.000

Bishan-Ang Mo Kio Park
(baseline scenario)
One time

Every year

-168.000.000

Operational expenditure

-4.450.000

N/A

Time spent travelling and
being in the park

82.690.000

41.350.000

Exercise

16.200.000

8.100.000

Real estate value

100.000.000

N/A

Real estate tax

10.000.00

Air pollution
Total

N/A

100.000
25.000.000

104.540.000

80.000
-168.000.000

49.530.000

Source: PUB, NParks, DMU, TERESA, Trust for Public Land, AsiaOne, Ministry of Manpower, Leonardsen and Tovatt, 2015
Own calculations

There are, however, further details that must be highlighted over the lifetime of the different
scenarios. The baseline scenario, with the upgrade of the concrete canal, has an expected lifetime
of 30 years whereas the naturalised river and the park have an expected lifetime of 50 years.

3.2

Assumptions
In the following section, I will briefly discuss the most important and relevant assumptions that lie
behind the CBA.
In total three scenarios will be computed and compared; a baseline scenario, a conservative
scenario and a probable scenario. The baseline scenario will, as mentioned in chapter 1 consists of
the upgrade to the concrete canal, remaining the canal, and upgrading the park. There would, in the
baseline scenario, still be a 2,7 km long concrete canal adjacent to a 52 Ha park. An issue with the
baseline scenario is that, as was illustrated in chapter 3, very little data is available from before the
redevelopment of Bishan-Ang Mo Kio Park. Only an estimation of the yearly number of visitors and
an approximation of the capital expenditure has been identified in the data analysis.
Furthermore, the CBA will look at two scenarios for the redevelopment of Bishan-Ang Mo Kio Park in
order to provide a range for the socio-economic costs and benefits. Firstly, a conservative minimum
scenario will provide a lowest estimate of the costs and benefits of the blue-green infrastructure in
Bishan-Ang Mo Kio Park. The second scenario will provide a more realistic and probable socioeconomic valuation.
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Table 18 Basic computation assumptions for the cost-benefit analysis
Level
50 years
2014
3,5 %

Lifetime of cost-benefit analysis
Price level
Social discount rate
Source: PUB, HM Treasury

The lifetime of the CBA is set at 50 years, following the guidelines that PUB use in order to assess
the lifetime of blue-green infrastructure such as Bishan-Ang Mo Kio Park. The price level is set at
2014, and means that all prices are discounted to fit the 2014 price level. This is done, as the
majority of figures collected for the CBA are in 2014 prices. The social discount rate follows the UK
Green Book guidelines, where a social discount rate of 3,5 pct. is used in order to evaluate future
cash flows.
Due to lack of available data, both historically and future growth expectations of socio-economic
impacts over time, all effects are assumed to remain constant over time. This also implies that no
rate of inflation is induced on e.g. operational and maintenance costs.
The assumptions made provide a realistic, but also a limited, CBA. The CBA follows current socioeconomic guidelines, such as the Green Book from the UK, and does, as such provide a socioeconomic calculation, which follows the most up to date methodological approach.

3.3

Business case
In order to fully understand the implications of the different scenarios, it is paramount to take the
costs and the benefits over the lifetime of the business case. As has already been mentioned in
chapter 3.2 the expected lifetime for the concrete canal in the baseline scenario is 30 years.
However, as we are analysing the effects of Bishan-Ang Mo Kio Park and the blue-green
infrastructure has an expected lifetime of 50 years, this is also what the business case will be built
upon.
The capital expenditure in the baseline scenario consists of 133 million SGD for the upgrade of the
concrete canal and 25 million SGD for the upgrade of the park. After 30 years the concrete river has
to be upgraded again at a cost of 133 million SGD. At the end of the business case, in year 50, the
park has to be either demolished or renewed; it is assumed that the costs of upgrading the park in
the beginning of the business case will equal the costs of either demolishing or renewal. The
concrete canal was upgraded after 30 years and therefore still has 10 years left in year 50. The
remaining 10 years equal a residual value of 49 million SGD, which are viewed as a benefit. Taking
all these costs over the 50 year business case and discounting with the discount factor of 3,5 pct.
equals a net present value (NPV) of -201 million SGD.
Both the conservative scenario and the probable scenario have the same capital expenditure, where
50 million SGD are spent on the naturalisation of the river and 25 million SGD on the upgrade of the
park. Both the park and the naturalised river has a lifetime of 50 years which equals the lifetime of
the business case, no upgrade costs are therefore assumed during the 50 years. However, the end
of the business case, in year 50, the naturalised river and the park has to be either demolished or
renewed. Like the baseline scenario, it therefore is assumed that the costs of naturalising the river
and upgrading the park in the beginning of the business case will equal the costs of either
demolishing of renewal. Taking these costs over the 50 year business case and discounting with a
discount factor of 3,5 pct. we get a NPV of -90 million SGD. This is 110 million less than the baseline
scenario.
The operational expenditure has not been established for the baseline scenario. Using the lifetime of
the concrete canal as a proxy, it has been estimated that the naturalised river can have an
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operational expenditure that is 4,5 million SGD higher per year. Taking these costs over the lifetime
of the business case the resulting NPV is -104 million SGD. Costs that only occur in the
conservative and the probable scenario. Although it has already been mentioned, it is important to
remind, that these costs are estimated maximum values. It is not expected that the costs of
operation are that high.
The socio-economic impacts of time spent travelling to the park and being in the park have been
estimated for the baseline scenario to be 41 million SGD per year. This equals a NPV of 962 million
SGD over the 50-year lifetime of the business case. The conservative scenario has a yearly benefit
of 83 million SGD, which equals a NPV of 1.925 million SGD. The probable scenario has a yearly
benefit of 100 million SGD and a NPV of 2.332 million SGD.
The benefits from the time spent exercising in the park have been estimated to be an annual benefit
of 8 million SGD in the baseline scenario, 16,2 million in the conservative scenario and 43 million
SGD in the probable scenario. Computing these annual benefits over the lifetime of the business
case results in a NPV of 188,3 million SGD for the baseline scenario, 376,6 million SGD for the
conservative scenario and 1.004 million SGD for the probable scenario.
The real estate value is only assumed to have an effect in the conservative and the probable
scenario, and have been estimated at 100 million SGD for the conservative scenario and 200 million
SGD for the probable scenario. The real estate value is assumed to increase after the upgrades and
redevelopment has been made, and therefore falls after year 0. The discounted NPV for the
conservative scenario is therefore 96,6 million SGD and 193,2 million SGD for the probable
scenario. The taxes are estimated at 10 million SGD per year for the conservative scenario and 20
million for the probable scenario. This results in a NPV for the conservative scenario of 232,7 million
SGD and a NPV of 465,5 million SGD for the probable scenario.
The last impact is the air pollution, which has been estimated to be 80 thousand SGD per year for
the baseline scenario and 94 thousand SGD in the conservative and the probable scenario. The
NPV has been calculated to be 1,9 million SGD for the baseline and 2,2 million SGD for the
conservative scenario and the probable scenario.
All of the above figures have been compiled and are illustrated in Table 19 below.
Table 19 Net present values of the socio-economic impacts over 50 years (SGD)
Impact
Capital expenditure
Operational expenditure
Time spent travelling and
being in the park
Exercise
Real estate value
Real estate tax
Air pollution
Total

Baseline
-200.780.000
962.490.000

Conservative
-89.850.000
-103.580.000
1.924.860.000

Probable
-89.850.000
-103.580.000
2.331.990.000

188.310.000
1.870.000
951.900.000

376.610.000
96.620.000
232.770.000
2.190.000
2.439.600.000

1.003.920.000
193.240.000
465.530.000
2.190.000
3.803.400.000

Source: Own calculations

Summing up all of these figures, results in a total cost for the baseline of 201 million SGD and a total
benefit of 1.153 million SGD. The final cost-benefit result is therefore 952 million SGD. The
conservative scenario has total costs of 193 million SGD and total benefits of 2.633 million SGD.
The cost-benefit result for the conservative scenario is therefore 2.440 million SGD. The probable
scenario has the same costs as the conservative scenario, 193,4 million SGD, but a higher level of
benefits; 3.997 million SGD. The final cost-benefit result for the probable scenario is therefore 3.803
million SGD.
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Taking all of the benefits and dividing them by the costs, results in a benefit-cost ratio, which
illustrates the return in SGD for every SGD invested. If a benefit-cost ratio is higher than 1, it equals
a good investment. For the baseline scenario this is 5,7 whereas it is 13,6 for the conservative
scenario and 20,7 for the probable scenario. The benefit-cost ratio is 2,4 times as high in the
conservative scenario as it is in the baseline. It is clearly more profitable for society to invest in BGI
compared to concrete canal systems.
Table 20 Total business cases for the baseline, conservative and probable scenario (SGD)
NPV
Benefit cost ratio

Baseline
951.900.000
5,7

Conservative
2.439.600.000
13,6

Probable
3.803.400.000
20,7

Source: Own calculations

3.4

Sensitivity analyses
Although the above calculations clearly show how the redevelopment of the park has been profitable
to society, there are a few uncertainties that have to be addressed. In the following section, a
number of sensitivity analyses will be done in order to show the impact of changes to some of the
main variables.
Table 21 below shows the effect of removing the income from the real estate taxes. This is done for
two main reasons. Firstly, the value that the tax rate calculated on is estimated and not based
entirely on a value given by the IRAS in Singapore. Secondly the socio-economic impact of citizens
giving money to the government is equal to a null-sum. The loss of one party is the gain of another,
and therefore cancels out. As we can see below, the final cost-benefit NPV of the conservative
scenario has decreased by 233 million SGD to 2.207 SGD and the benefit-cost ratio has gone down
from 13,6 to 12,4. The probable scenarios final cost-benefit NPV has decreased by 465,5 million
SGD and the benefit-cost ratio has decreased from 20,7 to 18,3. The loss of the benefit from the real
estate taxes has decreased the profitability of both scenarios. However, the two scenarios are still
more profitable than the baseline scenario; the conservative scenario is 2,2 times as profitable as
the baseline scenario.

Table 21 Total business cases for the baseline, conservative and probable scenario
excluding the revenue from real estate taxes (SGD)

NPV
Benefit cost ratio

Baseline
951.900.000
5,7

Conservative
2.206.900.000
12,4

Probable
3.570.700.000
18,3

Source: Own calculations

Following the assumptions explained in chapter 3.2, the discount factor is 3,5 pct. However by
increasing the discount factor, the costs and benefits occurring every year in the future will be given
a lower value compared to costs and benefits that occur right away. This will put a higher emphasis
on e.g. the capital expenditure. For the baseline scenario this means that the final cost-benefit NPV
is roughly 240 million SGD less than with the 3,5 pct. discount factor. The conservative scenario
loses 528 million SGD by the increase in the discount factor, and the probable scenario loses
807million SGD. Even though all of the scenarios experience a loss in their final cost-benefit NPV,
the level of which each of the scenarios will equal 0 in the NPV is much higher than a 5 pct. discount
rate. In order to compare the scenarios and the respective discount factor necessary to obtain a
NPV of 0, the internal rate of return (IRR) has been computed. The IRR also illustrates that, when
comparing a scenario with an alternative investment, the rate of return of the alternative investment
has to be higher than the computed IRR for the alternative investment to be attractive. For the
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baseline, the IRR is 31 pct., which is higher than any discount factor used around the world, or most
financial market returns. For the conservative scenario the IRR is 230 pct. and the probable scenario
has an IRR of 423 pct. All three scenarios can be classified as being highly profitable for society.
Table 22 Total business cases for the baseline, conservative and probable scenario with a
discount factor of 5 pct. (SGD)
NPV
IRR
Benefit cost ratio
Loss due to higher
discount factor
Source: Own calculations

Baseline
713.300.000
31%
4,8
238.600.000

Conservative
1.911.500.000
230%
12,7
528.100.000

Probable
2.995.800.000
423%
19,3
807.600.000

The cost-benefit analysis assumes that the level of users remains unchanged in the baseline
scenario. However, with a 25 million SGD upgrade to the park in the baseline scenario, it is possible
that there would be more visitors than before the upgrade. A final sensitivity analysis has therefore
been made in order to compare a higher baseline scenario with the conservative scenarios. The
“higher” baseline scenario increases the number of visitors by 50 pct. which means that 1,5 million
more people use the park in the baseline scenario, bringing the total to 4,5 million users per year.
For the conservative and the probable scenario the number of users remains unchanged at 6 million
per year.
The increase in visitors per year means that the baseline scenario has increased effects in time
spent travelling and time spent in the park. Moreover, there are also the added health benefits of
exercise. The final cost-benefit NPV is therefore increased by 575 million SGD to 1.527 million SGD.
This increases the benefit-cost ratio from 5,7 to 8,6. The baseline scenario is, however, still not as
profitable as the conservative and the probable scenarios. The conservative scenario is still 1,6
times as profitable as the baseline scenario. Table 23 illustrates the effect of increasing the number
of park users in the baseline scenario by 50 pct.
Table 23 Total business cases for the baseline, conservative and probable scenario where
the baseline benefits have been increased by 50 pct. (SGD)
NPV
Benefit cost ratio

Baseline
1.527.300.000
8,6

Conservative
3.298.400.000
18,1

Source: Own calculations
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Probable
5.150.300.000
27,6

4.

CONCLUSION
In this report, I have discussed the socio-economic impacts of blue-green infrastructure, and used
Bishan-Ang Mo Kio Park in Singapore as a case study. I have shown how BGI not only acts as
beautiful make over, but also actually has substantial impacts on the public life in cities. More people
use attractive public spaces, and BGI can be used to create new landscapes in cities that combine
vital natural elements with necessary public functions. Moreover, BGI is often cheaper to build than
conventional grey infrastructure and helps reduce costs on a strained public budget. BGI, if designed
properly, can also help improve the local ecosystem, and make substantial benefits through
ecosystem services.
I set out to discuss and analyse to what extent the restoration of Bishan-Ang Mo Kio Park contribute
to an increase in value? In this final chapter I will summarise the results and take a look back at the
research questions that were asked in the beginning of the report. Finally I will answer the main
research questions and give a short outlook.

4.1

How does blue and green infrastructure impact people and society in urban
areas?
From the literature study it has been identified that BGI has significant impacts on people and
society. The impacts were classified into main impacts on the:
• Public life
• Public spending
• Ecosystem
These are broad categories that where designed to provide an overall understanding of the main
impacts of BGI. It is possible that, to provide a deeper understanding and a clearer picture of the
impact categories of BGI, that a further classification should take place. I will, however, leave this
task to future researchers. For now, I will summarize the ways that BGI impacts people and society
within these three categories.
Figure 8 Impacts of blue-green infrastructure on society
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Moreover, I will summarise the three sub-research questions in the descriptions given below:
• How blue and green infrastructure in urban areas impacts (both positive and negative) people
and society?
• How large and significant the impacts of blue and green infrastructure are?
• If the impacts of blue-green infrastructures provide society with a positive business case?

4.2

The impacts of Blue Green Infrastructure on Public Life
BGI has a big impact on how the public life unfolds. We saw this in the number of visitors who come
to enjoy and spent time in Bishan-Ang Mo Kio Park, and how this figure has doubled from 3 million
to 6 million since the redevelopment of the park (see chapter 2.1 for sources). We also saw it in the
time that the visitors spent travelling to the park and the time they spent in the park. Using the socioeconomic value of time, it was possible to estimate the socio-economic value of the visitors to 83
million SGD per year.
Moreover, when people are in Bishan-Ang Mo Kio Park, they gain mental and physical health
benefits. Several studies have illustrated the mental health benefit of parks and greenery around the
world. This was, however, not possible to estimate in this research project. Nor was it possible to
derive an international estimate, which would be transferable to Singapore and Bishan-Ang Mo Kio
Park. The benefits of physical exercise are better documented and with data observations from
Bishan-Ang Mo Kio Park it was possible to show how people exercising in the park got a socioeconomic benefit of 16-43 million SGD per year.
Finally it was shown that there are derived benefits to the local community by having BGI,
exemplified in Bishan-Ang Mo Kio Park by the local business owners who reported an increase in
sales and customers since the redevelopment of the park. This data was unfortunately specific
enough to be included in the socio-economic cost-benefit analysis.

4.3

The impacts of Blue Green Infrastructure on Public Spending
BGI is mainly owned and operated by a public entity; a city, a regional or a national government. In
some instances BGI can be owned and operated by a private entity; however this is rarely the case.
BGI therefore, has to be financed and funded by public spending. The largest impact is the capital
expenditure and the operational expenditure. Here it was shown that Bishan Ang-Mo Kio Park cost
75 million SGD to redevelop. However, it was also shown that the alternative costs of renewing the
concrete canal that the river flowed in, plus upgrading the park, would have cost the city 168 million
SGD. By choosing BGI, Singapore saved 93 million SGD.
The operational expenditure had the literature divided. Some previous case studies showed that BGI
was more expensive to operate, whereas others showed that it was cheaper. Unfortunately it was
not possible to get information on the operational expenditure of Bishan-Ang Mo Kio Park for this
research. It was therefore estimated that the BGI solution for Bishan-Ang Mo Kio Park, with a 93
million saving in the capital expenditure, could have operational expenditure that were 4,5 million
SGD higher than alternative concrete canal, and still have a positive net present value. This is,
however, an unrealistic figure, as the capital expenditure of the naturalising of the river was 50
million SGD. A 4,5 million SGD operational expenditure would mean that a new naturalised river
could be build every 11 years.
One of the reasons behind the redevelopment of Bishan-Ang Mo Kio Park was a need to
accommodate more water flowing in the river. This is due to increased rain events, and there were
significant costs of doing nothing if the capacity of the river was not expanded to adapt to climate
changes. Several international case studies show economic estimations of the costs of doing
nothing, and how this is a major economic driver for public investment in climate change adaptation.
For Singapore and Bishan-Ang Mo Kio Park it was, however, not possible to identify or estimate the
costs of doing nothing.
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The value of real estate is determined by several factors, the size of the unit, the condition of the
unit, the age of the unit, amenities, etc. An important factor is of course the location and the
neighbourhood. Parks and BGI is an important factor in the real estate value, and had for BishanAng Mo Kio Park been estimated to be 100-200 million SGD. Although the impacts on real estate
could be classified under the public life category as well, it was chosen to analyse it under the public
spending category, as the tax benefits from increases in real estate value is a significant driver to
governments. For Bishan-Ang Mo Kio Park the tax benefits were estimated to be around 10-20
million SGD per year.

4.4

The impacts of Blue Green Infrastructure on the Ecosystem
The ecosystem is under pressure in high density urban cities. BGI is certainly a pocket where we
can provide room for the ecosystem to flourish and develop a healthy biodiversity. Although only one
socio-economic benefit from the ecosystem in Bishan-Ang Mo Kio Park as quantified, several more
where identified through the literature.
One is the increased biodiversity, where several international case studies have shown how a
healthy ecosystem provides ecosystem services through the biodiversity. For instance, a healthy
ecosystem increases the mental health benefits identified in the public life section. Moreover, studies
have indicated that people find Bishan-Ang Mo Park as a place for being in contact with nature, and
as a place to relax and contemplate.
Another impact is the cleansing of water through biotopes and the naturalised river. Here, several
case studies showed how upstream water management has helped decrease the costs of water
purification in utility companies. For Bishan-Ang Mo Kio Park, no such data was unfortunately
available.
Pollution is a very important aspect in high dense urban cities, and both noise and air pollution can
be identified as socio-economic costs to society. For Bishan-Ang Mo Kio Park it was possible, by
using international case studies as proxies, to estimate the added benefits of air pollution removal to
be 0,1 million SGD per year.

4.5

The impacts of Bishan-Ang Mo Kio Park on value creation
The main research question of this report has been: To what extent did the restoration of BishanAng Mo Kio Park contribute to an increase in value?
And the answer, quite strongly is, that the restoration of Bishan-Ang Mo Kio Park, from a concrete
canal and a park, to a blue-green infrastructure contributed to a vast increase in value. Without
looking at the total cost-benefit analyses, which was presented in chapter 3, it is clear that the
impacts on the public life, the public spending and the ecosystem have been larger than what was
expected. The socio-economic cost-benefit analysis then showed, that when comparing the baseline
scenario with a conservative estimate, the redevelopment provides 2,4 times as much value to
society. In the probable and more realistic scenario, the benefits are 3,6 times as high. Choosing the
BGI solution and redeveloping Bishan-Ang Mo Kio Park into a park where the water runs in a
naturalised river was, and continues to be, a good idea for Singapore.

4.6

Putting a perspective on BGI
There are more impacts of blue-green infrastructure on the public life, public spending and the
ecosystem, than what has been analysed and researched in this report. It has, however in this
research project not been possible to identify and/or research them further. I will now briefly discuss
a few major topics that have been left out.
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One aspect that has been left out is the mental benefits of water on people. A park, and greenery,
has been shown in the literature review to be beneficial to the mental state of people. I do believe
that water only adds to this effect. This has been “discounted” in this study due to the initial scoping
of the research, and budget and time restraints. It is however a problematic which should be
researched further, and I strongly encourage that this topic is picked and lifted even further. In
chapter 2.1.2 I discuss the mental benefits, and a topic, which is mentioned is the “nature deficit”
which, among other places, is discussed in Charles Montgomery’s book: Happy City from 2013. We
are living, as humans, in a more and more urbanised world. Stress and the feeling of being alone
are two topics that are referred to impacts of the urbanised world. We need places of tranquillity
more and more. It could be interesting to identify the impact of water on tranquillity in BGI in dense
urban cities.
Moreover, although the impacts on real estate value is an important aspect for real estate owners,
developers and governments who collect the tax revenue, is it really something that is to be sought
after? With increased real estate prices follows increased costs of living. This eliminates a portion of
people who then cannot afford to live near the BGI, which is giving them, as we can see, so many
benefits. By making an area attractive by building BGI, one attracts people, and this attraction drives
up demand for a limited housing supply. This then drives up the costs of living and increased
gentrification might be a result of the introduction of high quality BGI into dense urban areas. This
should be a serious discussion, as to how do we control for increased housing prices, or how do we
utilize the increased tax revenue into e.g. low cost housing. The problem, and the task at hand is no
small one, and I encourage that it is something, which will be discussed further.
The benefits of a healthy ecosystem have been described in the literature, and have the potential to
provide a significant economic impact. It is however, a topic, which is not researched enough, and
where economic studies still lack. For instance would it be highly relevant to understand how BGI
could be a low cost and environmentally healthy and sustainable part of Singapore’s goal of
becoming water self-sufficient in 2060 (PUB, 2015). It is important that these benefits are addressed
more in future studies and researched more in detail, as they serve as the back bone for our society,
even if we do not always realise it.

4.7

Outlook
This research project started in the summer of 2014, and stretched forward into the summer of 2015.
It has been a journey with literature studies, surveys, interviews, observations, public life studies and
economic modelling. The result of the research has been described above.
Left is only to conclude, that BGI clearly provides substantial benefits to society apart from the main
functions. Parks are more than just green spaces, and rivers and lakes are more than just blue
spaces.
I am not claiming that all public spaces should be made green and blue. Nor those cities should stop
investing in underground tunnels or storage solutions. Diversity is the essence of the city, and not all
solutions would fit any area and BGI is often supported by traditional underground water
infrastructure. I am arguing for a fair look at which solution that provides the most return on the
investment, and I am arguing that one cannot stop at the costs of construction and operation. We
are investing in society and in the public space, we must include the wider impacts to understand the
potential impact and the potential benefits that we either receive, or forego when choosing either
BGI or conventional grey infrastructure solutions.
Am I saying that cities should look at BGI whenever and wherever they can? Absolutely.
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