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NOTES ON USING THIS DOCUMENT

As anon-Annex | Party to the United Nations Framework Convention on Climate Change (UNFCCC), Singapore is
obliged to submit our National Communication (NC) every four years* and our Biennial Update Report (BUR)
every two years.?

Singapore submitted our 4th NC in 2018 and our 4th BUR in 2020. As the submission year for Singapore’s 5th NC
coincides with the submission year of our 5th BUR, this document presents both Singapore’s 5th NC and 5th BUR.

The following chapters are common to both the NC and BUR. The narratives in the NC for these chapters serve as a
summary of the detailed information presented in the corresponding chapters in the BUR.

National Circumstances

National Greenhouse Gas Inventory

Mitigation Measures

The BUR presents Singapore’s ongoing and planned mitigation actions till 2020.

This document was prepared in accordance with:
UNFCCC Guidelines for the Preparation of National Communications from
non-Annex | Parties (decision 17/CP.8); and
UNFCCC Biennial Update Reporting Guidelines (decision 2/CP.17 annex II1).

As a component of our 5th NC, Chapter 4 on “Vulnerability and Adaptation Measures” is concurrently submitted as
Singapore’s first Adaptation Communication, pursuant to the Paris Agreement, and prepared taking into account
Decision 9/CMA.1.
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FOREWORD

MR TEO CHEE HEAN
SENIOR MINISTER

The window for decisive international action

on climate change is narrowing. The recently
completed Intergovernmental Panel on Climate
Change (IPCC) Sixth Assessment Report (AR6)
cycle concluded that the effects of climate change
are widespread, rapid and intensifying.

As alow-lying island city-state, climate change

is an existential threat for Singapore. While

we account for only 0.1% of global emissions,
Singapore has taken important steps to contribute
to the global effort to tackle climate change and is
continually working to overcome our constraints to
raise our climate ambition.

At the Copenhagen Conference in 2009, Singapore
pledged to reduce emissions by 16% below our
business-as-usual (BAU) level in 2020. We are
happy to announce that Singapore has achieved
this target. This was achieved through sustained
efforts in improving energy efficiency across
various sectors of our economy, including an
early switch from fuel oil to natural gas for power
generation, among many other environmentally
friendly measures. Yet, more work needs to be
done. According to AR6 by the IPCC, the world
needs to achieve net zero by around 2050 in order
to limit global warming to 1.5 °C.

In October 2022, Singapore announced that it

will enhance its climate pledge by committing to
achieve net zero emissions by 2050, contingent on
technological maturity and effective international
cooperation. Our ability to fulfil our pledges, like all
Parties, will depend on the continued international
commitment by Parties to the Paris Agreement and
their climate pledges.

adom3dod

CHAIRMAN OF THE INTER-MINISTERIAL
COMMITTEE ON CLIMATE CHANGE (IMCCC)

We also announced that we will enhance our
2030 Nationally Determined Contribution (NDC)
to reduce emissions to around 60 MtCO:ze in
2030 after peaking emissions earlier. With this
enhanced ambition, we have further aligned

our long-term emissions trajectory with the
Paris Agreement.

This is a significant and ambitious commitment

for Singapore, a country that has limited potential
for alternative energy sources. Our climate
commitments are backed by concrete strategies,
policies and actions, starting from this current
crucial decade. A key measure we are taking is

to raise our domestic carbon tax progressively
from the current SSh per tonne to around SS50 to
S$80 per tonne® by 2030. We have also launched a
comprehensive Singapore Green Plan 2030 (Green
Plan), to make a collective whole-of-nation effort
to achieve our sustainability and climate goals. The
Green Planis a living plan which will continue to
evolve as technology develops and we review our
strategies over time.

Singapore’s decisive shift to net zero will require
significant transformation in all aspects of daily life,
economy, and society. There will be costs to bear
and trade-offs to be made. At the same time, it will
reposition Singapore and bring about a cleaner,
greener world for our future generations.

Singapore’s Fifth National Communication —

which includes our first Adaptation Communication
—and Fifth Biennial Update Report highlight the
measures that we have taken as a nation to address
climate change and our commitment to meet our
2020 emissions reduction pledge.

3This is equivalent to US$36.90 to USS$59.00. Conversion from S$ to USS is based on the monthly exchange rate as of Jan 2022.

Opposite page: Gardens by the Bay is a horticulture and garden artistry showpiece that engages and educates visitors with plants

seldom seenin this part of the world, ranging from species in cool, temperate climates to tropical forests and habitats. 03
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EXECUTIVE SUMMARY

Singapore continues to build on a long-standing,
comprehensive national approach that seeks

to achieve sustainable growth alongside
environmental protection. This has allowed us

to limit our growth in emissions and stay on

track to achieve our international commitments,
notwithstanding our geographical constraints.

National Circumstances

Singapore is a small, low-lying, island city-state
vulnerable to the effects of climate change.

With a total land area (including that of smaller
surrounding islands) of about 733.1 km?,
Singapore’s population density of about 7,485
persons per km?is one of the highest in the world.

Due to Singapore’s small size and dense urban
landscape, there are challenges to using alternative
energy sources such as solar, nuclear and wind
energy. These difficulties in transitioning to
alternative energy sources are recognised by the
UNFCCC. Solar remains the most viable source

of renewable energy in Singapore, and we aim

to accelerate the deployment of solar energy
despite challenges arising from our national
circumstances.

Institutional Arrangements

Climate change is an issue with many dimensions
that cut across the responsibilities of several
ministries. The IMCCC, chaired by Mr Teo Chee
Hean, Senior Minister and Coordinating Minister
for National Security, oversees the whole-of-
government (WOG) coordination on climate
change policies. The National Climate Change
Secretariat (NCCS) is a dedicated unit under the
Prime Minister’s Office (PMO) Strategy Group that
serves as the secretariat to the IMCCC.

Greenhouse Gas (GHG) Inventory

Singapore’s GHG emissions for 2018 totalled
53,312.68 gigagram (Gg) CO2z equivalent. Carbon
dioxide (COz2) accounted for 94.3% of total

emissions. Non-COz2 gases such as methane
(CHa), nitrous oxide (N20), perfluorocarbons
(PFCs), hydrofluorocarbons (HFCs), sulphur
hexafluoride (SFe) and nitrogen trifluoride

(NFs) accounted for the remaining 5.7% of

total emissions. This excludes an estimate of
HFCs emissions from the refrigeration and air
conditioning (RAC) sector, for which we are in the
process of finalising.

Mitigation Measures

Singapore has achieved our Copenhagen pledge
to reduce our emissions by 16% below our BAU
level in 2020.

A key pillar of Singapore’s strategy to mitigate
GHG emissions is to improve energy efficiency
across different sectors of the economy.
Singapore does not subsidise energy costs,

and has taken steps to use a cleaner fuel mix for
electricity generation, switching from fuel oil to
natural gas. However, there are limits to how much
more emissions can be reduced by switching
fuels, as natural gas, the cleanest fossil fuel,
already constitutes about 95% of our fuel mix for
electricity generation. To further decarbonise the
power sector, we will harness and tap on the “Four
Switches™ natural gas, solar, regional power grids,
and emerging low-carbon technologies.

Singapore will continue to push ahead with
mitigation efforts in the different sectors as part
of the Green Plan, which is a whole-of-nation
movement to advance Singapore’s national
agenda on sustainable development.

In addition, Singapore has implemented a carbon
tax of SS5 or USS$3.70 per tonne of CO2 equivalent
(tCO2eq) of GHG emissions in the first instance,
between 2019 and 2023, as a transition period.
The carbon tax will be increased to S$25 or
USS$18.40/tCO2eqin 2024 and 2025, and S$45 or
USS$33.20/tC0Oz eq in 2026 and 2027, with a view to
reaching S$50-80 or US$36.90-59.00/tCO:2 eq by
2030. The carbon tax will complement our existing

Innovative greening solutions on the rooftops of Housing & Development Board (HDB) flats help to reduce heat emissions from building
surfaces and improve the appearance of HDB estates, making the living environment more conducive for residents.

mitigation efforts to meet our climate pledge under
the Paris Agreement.

Vulnerability and Adaptation Measures

As a relatively low-lying, densely populated island
in the tropics, Singapore is naturally vulnerable to
the impacts of climate change. Singapore takes

a proactive, long-term approach towards climate
change adaptation. Climate change resilience goes
beyond physical adaptation, and must include
building resilient mindsets as well as collective
action to safeguard our environment. Additionally,
our trade-dependent economy increases our
exposure and vulnerability to the volatilities
induced by climate change. Climate resilience and

adaptation plans will be continuously reviewed and
adjusted as new knowledge and information on the
effects of climate change become available.

Concluding Remarks

Singapore remains committed to doing our part

in this global crisis. We will advance on this
sustainability journey together as a nation, making
a decisive move to achieve net zero by 2050 and
at the same time building up our climate resilience
and adaptation. As a responsible member of the
global community, Singapore will continue to work
at the international, regional and bilateral levels

to support collective global efforts to address the
challenges of climate change.

AYVWWNS JAILNDIX3



CHAPTER 1

NATIONAL
CIRCUMSTANCES

L
As a small island developing state, sustainable
2lopment is at the core of Singapore’s
ns and priorities.
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FIFTH NATIONAL COMMUNICATION

Singapore’s national circumstances shape our approach
to climate action. Being a low-lying island-state, we are
particularly vulnerable to the impact of climate change.
Our access to renewable energy at scale is greatly limited,
which constrains our options in carbon abatement.

We will continue to build on a long-standing,
comprehensive national approach that seeks to achieve
sustainable growth alongside environmental protection.
This has allowed us to limit our growth in emissions and
stay on track to achieve our international commitments,
notwithstanding our geographical constraints.

There are over one million HDB flats in Singapore, spread over 24 towns and three estates. Majority of Singaporeans — over 80% —live in
this form of public housing.

National Circumstances and Constraints

Singapore is a small island-state with a total
land area (including that of smaller surrounding
islands) of about 733.1 km? Much of the island
is flat and relatively low-lying. As of June

2021, Singapore’s total population, including
foreigners working in Singapore, is estimated
at 5.46 million. Singapore’s population density
of about 7,485 persons per km?is one of the
highest in the world.

Given Singapore’s small land area and dense
urban landscape, there are competing uses

for land which greatly limit our access to
alternative energy sources at scale using

current technologies. Moreover, Singapore’s
geographical features make harnessing
conventional geothermal, hydroelectric, wind,
nuclear, tidal, and wave power a major challenge.
These difficulties in transitioning to alternative
energy sources are recognised by the UNFCCC.#

Solar remains the most viable source of
renewable energy in Singapore, and we aim
to accelerate the deployment of solar energy

through innovative ways, despite challenges
arising from our space constraints and presence
of high cloud cover and urban shading. In
addition, the Government is exploring other
means to decarbonise our energy supply, such
as low-carbon electricity imports and other low-
carbon solutions (e.g. hydrogen).

Institutional Arrangements

The IMCCC oversees the WOG coordination on
climate change policies to ensure that Singapore
is prepared to address climate change.
Established in 2007, the IMCCC is chaired by Mr
Teo Chee Hean, Senior Minister and Coordinating
Minister for National Security, and includes

the Ministers from the following Ministries:
Finance, Foreign Affairs, National Development,
Sustainability and the Environment, Transport,
and Trade and Industry.

In July 2010, the NCCS was established as a
dedicated unit under the PMO to ensure the
effective coordination of Singapore’s domestic
and international policies, plans, and actions
on climate change.

INTER-MINISTERIAL COMMITTEE
ON CLIMATE CHANGE

Chaired by SM Teo Chee Hean

Secretariat:
NCCS, Strategy

Group, PMO

IMCCC EXECUTIVE COMMITEE

Chaired by PS(PMO)(Strategy Group)
Long Term Emissions Resilience Sustainability Green Economy Comms and
and Mitigation Working Working Group Working Group Engagement
Working Group (LWG) Group (RWG) (SWG) (GEWG) Working

Group (CEWG)

Chair: Chair: Chair: Chair:
PS(PMO)(Strategy Group), PS(SE), PS(ND) PS(SE) PS(Development/T&l) Chair:
PS(Development/T&l) cGe

More information on Singapore’s national circumstances, including details of Singapore’s geographical

features, climate, and economy, as well as our institutional arrangements is presented in Chapter 1 of the BUR.

“Articles 4.8 and 4.10 of the UNFCCC take into consideration the national circumstances of developing countries, especially
small island countries, countries with low-lying coastal areas, land-locked and transit countries, and countries disadvantaged
in the use of alternative energy sources, amongst others. Article 4.10 recognises the circumstances of such countries with
“serious difficulties in switching to alternatives.”
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FIFTH NATIONAL COMMUNICATION

The most significant GHG emitted in Singapore is COz,
primarily produced from the burning of fossil fuels to generate
energy used by the industry, building, household, and
transport sectors. The main contributor to GHG emissions
(32.2%) is the combustion of natural gas to generate electricity.

Singapore’s emissions comprises CO2, CHa, N20,
HFCs, PFCs, SFs and NFs. These emissions were
estimated using the:

2006 IPCC Guidelines for National

GHG Inventories

IPCC Good Practice Guidance and Uncertainty
Management in National GHG Inventories
IPCC 2014, 2013 Supplement to the 2006

IPCC Guidelines for National GHG Inventories:
Wetlands

Emission estimates were based on the sectoral

approach and were calculated using the default
conversion and emission factors provided in the
2006 IPCC Guidelines, unless otherwise stated.

Tier 1 methodology was used for about 90%
of our emission estimates. Tier 2 methodology
was used for estimating fugitive emissions
from oil and natural gas, emissions from some
categories of industrial processes and product
use (IPPU), CHa emissions from solid waste
disposal and CO2z emissions from incineration
of solid waste. Emission estimates from the
Land Use, Land-Use Change and Forestry
(LULUCF) sector were obtained mainly

from using Tier 2 and 3 methodologies.

Singapore’s GHG Emissions
in 2018

Singapore’s GHG emissions for 2018 totalled
53,312.68 GgCO:2 eq. This excludes the interim
Tier 1b estimate of HFCs emissions from the
RAC sector 0f 6,398.15 GgCOz eq in 2018.

A breakdown of the total GHG emissions by
sources in GgCOz2 eq is shown in the tables on
pg 74-75.5% The estimated CHa, N2O, HFCs,
PFCs, SFs and NFs emissions were converted
to COz-equivalent using the 100-year time-

horizon global warming potential (GWP) values
from the IPCC Fifth Assessment Report (AR5).

Greenhouse Emissions % of Total

Gas (GgCO:2eq) Emissions
CO: 50,260.88 94.28%
PFCs 1,437.92 2.70%
HFCs 507.29 0.95%

N20 484.88 0.91%
NF2 381.25 0.72%
SFe 127.06 0.24%
CHa 113.39 0.21%

The compilation of the GHG inventory is
coordinated by the National Environment
Agency (NEA) with data from other agencies
and companies. Quality control checks for the
computation of GHG emissions were developed
based on the IPCC Good Practice Guidance
and Uncertainty Management in National
GHG Inventories to improve the transparency,
consistency, comparability, completeness and
confidence in the national GHG inventory of
emissions estimates. The multi-agency GHG
inventory team uses a four-stage inventory
preparation process to facilitate continuous
improvement to the national GHG inventory for
subsequent inventory compilation cycles.

More information on the National GHG Inventory
is presented in Chapter 3 of the BUR.

Opposite page: Aerial view of the man-made Supertrees at
Gardens by the Bay that tower over visitors. These are home to
numerous plant types which grow on the vertical planting panels
on their ‘trunks’.

5As some figures are considerably small, they may be presented as “0.00" due to rounding.

SFigures may not add up to the totals due to rounding.
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Singapore has met our 2020 pledge of reducing emissions by 16%
below 2020 BAU levels. Building on our 2020 pledge, Singapore
has also enhanced our 2030 NDC to reduce emissions to around
60 MtCO2z eq in 2030 after peaking our emissions earlier.

Singapore has one of the world's largest floating solar panel farms,

Singapore’s Approach to
Reducing Emissions

Energy is a strategic resource for Singapore. As

an alternative energy-disadvantaged country,
Singapore is highly reliant on imports for our
energy needs. Recognising that energy is a scarce
resource, Singapore allows for market pricing of
fuel and electricity without any direct subsidy. This
results in firms and households making appropriate
energy consumption choices, such as minimising
energy wastage and over-consumption, which
contributes to emissions reduction.

Singapore has also moved towards a cleaner
fuel mix for electricity generation, switching
from fuel oil to natural gas, which has a lower
carbon content per unit of electricity generated.

However, there are limits as to how much more
emissions we can reduce by switching fuels, since
natural gas already constitutes 95% of our fuel

mix for electricity generation in 2016. To further
decarbonise the power sector, as part of our

about the size of seven football fields.

energy transition, we will harness and tap on the
“Four Switches™: natural gas, solar, regional power
grids, and emerging low-carbon technologies.
While we invest actively in research on low-
carbon technologies, there are also limits to the
deployment of alternative or renewable energy
sources in Singapore.

Energy efficiency is a core carbon emissions
mitigation strategy. This will require our households
and businesses to be more energy-conscious and
make adjustments to their daily activities, choices
and processes.

As an open economy without natural resources,
we need to reduce carbon emissions in a
cost-effective way. Hence, the Government

has identified the following areas as part of a
comprehensive strategy to promote energy
efficiency in Singapore:

Promoting the adoption of energy-efficient
measures and technologies by addressing
market barriers to energy efficiency.

’Projecting from 2005, Singapore's BAU emissions are expected to reach 77.2 million tonnes (Mt) in 2020.

Building capabilities to sustain and drive
energy efficiency efforts and to develop the
local knowledge base and expertise in energy
management.

Raising awareness by reaching out to the
public and businesses so as to promote
energy-efficient behaviour and practices.
Supporting research and development to
enhance Singapore’s capabilities in energy-
efficient technologies.

We will also harness emerging low-carbon
technologies to decarbonise the industry sector.
For example, under the “Sustainable Jurong
Island” plan that aims to transform Jurong Island
into a Sustainable Energy and Chemicals (E&C)
Park, the E&C sector will enable sustainable
production through Carbon Capture, Utilisation
and Storage (CCUS), increasing energy efficiency,
and use of renewable energy in company
operations. These plans will realise at least two
million tonnes of carbon capture potential by
2030 and achieve more than six million tonnes of
carbon abatement per annum from low-carbon
solutions by 2050. The E&C sector will also
increase its output of sustainable products,

such as bio-based fuels and chemicals, and
pyrolysis oil from plastics recycling, by four times
from 2019 levels.

We will continue to push ahead with mitigation
efforts in the different sectors as part of the Green
Plan, which is a whole-of-nation movement

to advance Singapore’s national agenda on
sustainable development. For example, under the
building sector, we aim to green 80% of the total
gross floor area (GFA) of our buildings by 2030.
For the transport sector, we already have a high
public transport mode share.

To further encourage the use of public transport,
the length of the rail network in Singapore will
increase from about 245 km today to about 360
km in early 2030s. This will enable eight in 10
households to be within a 10-minute walk of a train
station, and 85% of public transport journeys of

less than 20 km to be completed within 60 minutes.

We also have one of the most stringent and
innovative systems in the world for controlling
vehicle ownership and usage, through a vehicular
quota and road pricing system. Since February
2018, the permissible growth rate of our private
vehicle population has been reduced to 0% from
0.25%, effectively capping the growth of private
vehicles. Singapore is working on the large-scale
adoption of green vehicles. By 2040, we aim

to phase out internal combustion engines and
have all vehicles running on cleaner energy.

Carbon tax provides a strong price signal and
impetus for businesses and individuals to reduce
their carbon footprint in line with national climate
goals. From 2019, Singapore implemented a
carbon tax starting at S$5 or USS$3.70 per tonne
of COz-equivalent (tCOz eq) of GHG emissions
in the first instance, between 2019 and 2023, as
a transition period. To support the transition to

a low-carbon future, we will raise the carbon tax
levels to S$25 or US$18.40/tC0O2 eq in 2024 and
2025, and S$45 or US$33.20/tC0O2eqin 2026
and 2027, with a view to reaching S$50-80 or
USS$36.90-59.00/tCO2 eq by 2030. The carbon
tax will complement our comprehensive suite

of mitigation measures to help us achieve our
climate pledges.

More information on Singapore’s mitigation
measures are presented in Chapter 4 of the BUR.

i
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Over three million rides take place daily on the 245 km long Mass Rapid Transit (MRT) system in Singapore.

(AHYVWWNS) SIYNSYIW NOILVOILIW

139



FIFTH NATIONAL COMMUNICATION

Built across the mouth of the
Marina Channel, the Marina
Barrage creates Singapore’s
15th Reservoir. The first

in the heart of the city, the
Marina Barrage is built as an
integrated facility that serves
multiple purposes —a source
of water, a coastal protection
measure, and a recreational
space for the community.




FIFTH NATIONAL COMMUNICATION

As a small, low-lying island city-state, Singapore is highly vulnerable
to the impacts of climate change. Singapore is also one of the

most densely populated countries in the world. It is thus important
for Singapore to prepare for and adapt early to climate change.

Effects of Climate Change

The IPCC Working Group | Report for the AR6
cycle has warned us that the global climate will
change significantly unless rapid and drastic
reductions in emissions are taken. Global
temperatures are projected to very likely rise by
1.0-5.7 °C by the end of the century from pre-
industrial levels, while global mean sea levels are
likely expected to increase by 0.28 mto 1.01 m
over the same period, relative to 1995-2014 sea
levels. Extreme weather events (such as heavy
rainfall) over the region are also projected to be
more intense and frequent. The IPCC Working
Group Il Report further cautions that widespread
climate impacts are already being felt across the
world, with some of these effects irreversibly and
disproportionately affecting vulnerable countries,
notably small island developing states (SIDS).
The window for securing a liveable future is
rapidly closing.

The Centre for Climate Research Singapore
(CCRS), in partnership with the UK
Meteorological Office, concluded Singapore’s
Second National Climate Change Study (V2) in
2015, which made use of data and scenarios from
the IPCC’s Fifth Assessment Report (AR5) to
examine the long-term effects of climate change
in Singapore. The study found that by 2100, the
mean sea level around Singapore could rise

by up to a metre and mean temperatures could
increase by up to 4.6 °C. The CCRS has embarked
on the Third National Climate Change Study (V3)

to provide updated climate projections by 2023,
which will incorporate the latest findings from
IPCC ARG6.

Preparing Singapore for the Impact of
Climate Change

The impacts of climate change are already being
feltin Singapore. 2012 to 2021 was Singapore’s
warmest decade since Singapore began local
temperature recordings in 1929. In 2021, Singapore
also experienced record rainfalls in January, April
and August, leading to flash floods in various parts
of Singapore. Sea levels around the island rose by
14 cm from 1979 to 2019.

Even with international efforts to limit the rise in
global temperatures, there is a need to prepare
Singapore for the impacts of climate change. Some
adaptation measures require longer lead times

to implement and have to be undertaken early.
Adaptation plans must also be adaptive to climate
uncertainties and evolving climate science.

To coordinate such efforts, a multi-agency
Resilience Working Group (RWG), led by the
Ministry of Sustainability and the Environment
(MSE) and the Ministry of National Development
(MND), was set up in 2010 under the IMCCC. The
RWG assesses Singapore’s physical vulnerabilities
to climate change based on a Resilience
Framework, which guides the formulation of
adaptation plans up to 2100 (see the next page for
Singapore’s Resilience Framework).

Singapore’s Resilience Framework
CCRS, set up in 2013, conducts research and studies to improve scientific
understanding of local climate and the effects of climate change on Singapore.
Findings from these studies form the basis for Singapore’s long-term adaptation plans.

C\'\mate Projectiong
S,
Pmis s5usiisay e

PRIORIT\S®
ADAPTATION
MEASURES

Risk Assessment
to identify and categorise
climate change risks in tandem
with advances in climate science.

Adaptation Planning
by formulating options to
tackle the risks identified in a

dynamic and flexible manner.
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FIFTH NATIONAL COMMUNICATION

The RWG comprises 20 agencies which oversee
key sectoral risks and efforts in enhancing
Singapore’s adaptive capacity, strengthening
resilience capabilities, and reducing vulnerability
to climate change. The inter-agency effort ensures
that adaptation plans are coordinated across the
Government. The agencies involved are:

Building and Construction Authority (BCA);
Civil Aviation Authority of Singapore (CAAS);
Centre for Liveable Cities (CLC);

Energy Market Authority (EMA);

Housing & Development Board (HDB);
Info-comm Media Development Authority
(IMDA);

JTC Corporation (JTC);

Land Transport Authority (LTA);

Maritime and Port Authority of Singapore
(MPA);

Ministry of Finance (MOF);

Ministry of Health (MOH);

Ministry of National Development (MND);
Ministry of Sustainability and the Environment
(MSE);

National Environment Agency (NEA);
National Parks Board (NParks);

Prime Minister’s Office - Strategy Group,
National Climate Change Secretariat
(PMO-SG/NCCS);

PUB, Singapore’s National Water Agency;
Singapore Food Agency (SFA);

Singapore Land Authority (SLA); and
Urban Redevelopment Authority (URA)

RWG has identified six key adaptation risk areas
for Singapore.

A — Adapting to Sea Level Rise
and Building Flood Resilience

As a low-lying, tropical island state, Singapore is
particularly vulnerable to sea level rise. Singapore
is also projected to experience more frequent and
intense heavy rainfall events, which can lead to
inland flooding. Since April 2020, PUB has been
appointed the national coastal protection agency to
address inland and coastal flooding holistically.

To mitigate the impact of sea level rise, the minimum

reclamation levels for new developments have been
raised from 3 m to at least 4 m above the mean sea
level since 2011. New critical infrastructure such as
Tuas Mega Port and Changi Airport Terminal 5 will
be built at least 5 m or more above the current mean
sea level.

PUB is progressively conducting site-specific
studies across Singapore’s varied coastline of
more than 300 km to examine various coastal
adaptation solutions. Where feasible, they will be

co-located with amenities or recreational spaces for

the community to enhance the living environment.
PUB will also explore hybrid solutions that combine
nature-based elements with hard engineering

measures. Land reclamation is also a viable measure

to protect our coasts, while creating more land for
housing and other needs.

Along arestored freshwater swamp, the Rasau Walk is a 300 m boardwalk within the Jurong Lake Gardens that meanders through
clusters of Nibong (Oncosperma tigillarium), Sealing Wax Palm (Cyrtostachys renda), and Rasau (Pandanus spp.), just some of over
50 native plant species that can be found in our freshwater swamps.

Seawalls at Vivo City Promenade, an example of a hard engineering solution to adapt to rising sea levels.

To holistically assess the combined effects of
extreme coastal sea levels and intense rainfall,
PUB is also developing a Coastal-Inland Flood
Model. This model will support the planning and
operations of coastal adaptation measures.

To enhance inland flood resilience, PUB adopts

a “Source-Pathway-Receptor” approach, which
looks at catchment-wide solutions to build in
flexibility and adaptability to cope with higher
intensity storms. This comprehensive approach
covers the entire drainage system, addressing not
just the pathway over which the stormwater travels
(i.e. “Pathway”), but also in areas generating
stormwater run-off (i.e. “Source”) and the areas
where floods may occur (i.e. “Receptor”).

PUB raised the drainage design standards in
2011 so that our drains can handle up to 50%
higher rainfall intensities (i.e. “Pathway”). All

new developments and re-developments of 0.2
hectares (ha) or more are required to implement
measures to slow down surface run-off and
reduce the peak flow of stormwater into the
public drainage system, by implementing on-site
detention measures (i.e. “Source”) since 2014.

Developments are also required to adhere to the
minimum platform and crest levels or install flood
barriers to prevent floodwaters from entering
buildings (i.e. “Receptor”). These structural
measures are complemented by the use of
technology such as X-band radars and an extensive
network of water level sensors and CCTVs installed
island-wide, to better predict and respond to
floods. Public alerts can also be issued earlier,
enabling residents in areas at risk of flash floods

to take preventive measures such as deploying
portable flood barriers.

B — Ensuring Water Sustainability

Climate change could lead to more frequent

and prolonged droughts, which may threaten
Singapore’s water supply. To ensure a sustainable
water supply and enhance water resilience for
Singapore, PUB has built a robust and diversified
water supply through the “Four National Taps”,
namely, local catchment water, imported water,
desalinated water, and NEWater.® NEWater and
desalinated water are weather-resilient sources that
can cushion Singapore against the uncertainties in
water supply brought about by climate change.

8NEWater is high-grade reclaimed water, produced from treated used water that is further purified using advanced membrane
technologies and ultraviolet disinfection, making it clean and safe to drink.
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The male Orange-bellied Flowerpecker (Dicaeum trigonostigma), with its slaty-blue upperparts and a large triangular orange patch on
its mantle, feeds on flowers and fruits. It is a common resident of Singapore’s forested areas and forest edges.

Smooth-coated otters (Lutrogale perspicillata) are becoming a common sight in our mangroves, mudflats, and coastal areas.
These social creatures generally live in pairs and family groups.

To promote water conservation and efficient use
of water, PUB introduced a Mandatory Water
Efficiency Labelling Scheme (MWELS) and
minimum water efficiency standard in 2009 to
help consumers make more informed choices and
encourage suppliers to introduce more water-
efficient fittings and appliances into the market.
As part of the scheme, suppliers are required to
display water efficiency labels on water fittings
and appliances, as well as on their packaging
and advertisements.

PUB has also rolled out the Smart Water Meter
Programme to install 300,000 smart water meters
in residential and commercial/industrial premises
under the first phase of the programme. With
smart water meters, water consumption will be
read automatically and transmitted remotely

back to PUB daily, improving resource efficiency
and augmenting PUB’s capabilities in early leak
detection within the water supply network and
consumers’ premises. Through an online portal,
customers will have easy access to their daily
water usage data, empowering them to track their
consumption and adopt water-saving habits.
PUB will review this first phase roll-out, build up
its capabilities and expertise, and consider the
advances in technology before implementing

it nationwide.

PUB also requires companies which use more
than 60,000 m?® of water in the preceding calendar
year to submit a Water Efficiency Management
Plan (WEMP) for three consecutive years.
Preparing the WEMPs requires companies to
establish water management systems and install
private water meters.

To support companies’ implementation of water
efficiency projects, PUB also introduced the Water
Efficiency Fund in 2007 to fund water efficiency
assessments, pilot studies, adoption of water
efficient equipment, and recycling/use of alternate
sources of water.

C — Safeguarding our Biodiversity
and Greenery

Singapore is home to a large variety of animal
and plant species, many of which are vulnerable
to climate change. As part of ongoing plans to
transform Singapore into a City in Nature, NParks
will continue to implement measures to ensure
that our ecosystems remain healthy and resilient.

These include:

Adding 200 ha to the existing 450 ha of nature
parks surrounding nature reserves by 2030,
to serve as buffers for nature reserves, and
expanded habitats for native flora and fauna to
thrive beyond the nature reserves;
Implementing habitat restoration and species
recovery plans to strengthen the conservation
of native plant and animal species;

Planting an additional 1 million trees across
Singapore from 2020 to 2030; and
Strengthening ecological connectivity by

(i) identifying ecological corridors between
key habitats through modelling of animal
movements; (ii) enhancing the network of
corridors through forest restoration and
habitat enhancement; and (iii) augmenting
connectivity by transforming roadside
greenery into Nature Ways® that mimic the
multi-tiered structure of forests.

These nature-based measures also provide
ecosystem services, such as providing shade,
reducing ambient temperature, and helping to
grow our carbon sinks.

To mitigate the risk of tree failure during severe
weather, NParks inspects trees along major
roads and areas with high human activity at least
once ayear, and leverages technology to monitor
the stability of mature trees. If needed, trees are
pruned to reduce the size and weight of their
crowns to better withstand storm events. NParks
is also progressively replacing storm-vulnerable
trees with sturdier species and planting more
drought-resistant species that can tolerate
erratic weather co