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Featuring information about the global challenge of
rising sea levels, from the factors contributing to
rising sea levels to the impacts that rising sea levels
have on our everyday lives.
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7 FOREWORD \

Climate change is one of the gravest challenges mankind faces today.
Global warming has resulted inrising sea levels, which makes Singapore,
a low-lying island city-state, increasingly vulnerable.

At Keppel Land, we are committed to supporting the efforts of the
Singapore government and the international community to advance
climate action. In 2020, Keppel Land, in collaboration with the
Sustainable Singapore Gallery, managed by PUB, launched ‘R.I.S.E. to
the Challenge’, a programme aimed at raising awareness on the impact

of rising sea levels and the urgent need for climate action.

Following the programme’s success, Keppel Land has extended it for
another two years, from August 2022 to 2024. The second phase,
‘R.1.S.E. to the Challenge II’, seeks to expand community outreach and
engagement through new initiatives, including this e-book, which is
based on the programme’s rich exhibition content.

We believe in empowering lives through education and hope to share
with you the importance of good environmental practices, the value of
climate-smart actions, and show how each one of us can contribute to

making a profound difference to the world.

Do join us on the journey to build a cleaner, greener world as we

redefine urban spaces for a sustainable future!

Louis Lim
CEO, Keppel Land
22 August 2022
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A series of exhibitions by Keppel Land on the pressing
environmental issue of rising sea levels
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CHAPTER 1 It's not so cool

In the fArst chapter of this series, discover
what causes sea levels to rise and how
your actions can make a difference in
reducing the impact of this global
problem.




WHY DO RISING SEA
LEVELS MATTER?

Why Addressing Sea Level Rise Is Important

‘ 1. Climate Change |

Thermal Expansion Melting Ice
Rising temperatures in our Global warming is causing
world mean warmer waters, glaciers and ice sheets in the
which causes oceans to expand. Antarctic and Greenland to melt.
In turn, sea levels rise. This causes sea levels to rise.
M./l\./\/\ ALAANAANLA
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‘ 2. Slow Response |

e - S

A AN A

Sea levels are now Sea levels will continue Preventing sea levelrise is
rising over the next few possible, but...
than they were at the | centuries and the effects will not be
start of the 20th up to 6m by the end of the | immediate, as oceans
century. century if all the ice sheets | respond to changing
in Greenland melt. temperatures very slowly.

3. Coastal Risks

When Sea Levels Rise,

» More floods may @ » Dangerous weather events
occur around the such as hurricanes and %
AN N

world typhoons will become

more intense
N

* Infrastructure may be "“! « Possibility of more m

affected if they lie in frequent storm surge A

the path of rising seas events I
Source: City of Greater Geraldton
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RISING SEA LEVELS
& SINGAPORE

Rising sed levels will pose a threat to Singapore, which s
a low-lying island. This means that we are at greater
risk of more floods.

Singapore, being near the equator, is @I
vulnerable to climate change effectslycL1iR {31
global model suggests.

‘ A Visual Representation |

| Legend
- @
" Less than 5m above sea level

B About 15m above sea level

I More than 20m above sea level

*For illustration purposes only

e Much of Singapore lies only 15m above the mean sea level
 About 30% of the island lies less than 5m above the mean sea level

* By 2100, Singapore is projected to experience:
- Mean sea level rise of up to 1 metre
- An increase in daily mean temperatures by as high as 4.6°C, and

- More extreme and intense weather events, which may lead to more
frequent floods.

L W e

Rise In Mean High Tides High Surges
Sea Level

Sea levels could rise by up toll{pabove the current mean,
and overwhelm Singapore’s low-lying coastal areas.

Source: Centre for Climate Research Singapore
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WHAT HAPPENS IF SEA
LEVELS CONTINUE RISING?

Globally, sea levels rose faster than in the 20th century, and

observations and projections suggest that it will rise at an even
higher rate in the 21st century.

If sea levels do not stop rising, we may
see these possible consequences in
the next 80 years around the world:

©
As many as

216 MILLION
people displaced G
from their homes

* Weather PEtterns

Fish, birds and plants /7
losing their habitats /7

Floodson a scqle

500 years

may occur every
b years instead

Low-lying islands
completely submerged

Bigger storms with more
powerful storm surges

Seawater moving inland, O o d & water 30% more water from

contaminating aquifers melted ice caps pulled
and agricultural soil shortage towards the equator
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WHY ARE SEA LEVELS

RISING?

The change in sea levels is linked to

three primary factors, all induced by
ongoing global climate change:

Thermal Expansion

\ /

é

When water heats up, it
expands. About half of the
sea level rise over the past
25 years is attributable to

warmer oceans simply

4 N\

Melting Glaciers

=

Persistently higher temperatures
caused by global warming have
led to greater-than-average
summer melting of glaciers and
diminished snowfall due to later
winters and earlier springs. That

The loss of Greenland’s
and Antarctica’s ice
sheets

An_HR

As with mountain glaciers,
increased heat is causing the
massive ice sheets that cover
Greenland and Antarctica to

melt more quickly.

creates an imbalance between
runoff and ocean evaporation,
causing sea levels torise.

‘ Thermal Expansion i
|1

| &

occupying more space.

Source: National Geographic

The ocean absorbs more

than 90% of the heat that
greenhouse gases trap in
the Earth’s atmosphere.

é

o

Water in the ocean
expands as it warms up,
Alling larger volumes.

This makes thermal expansion a significant contributor
to global sea levelrise.

Thermal expansion of the ocean has contributed
about{ X IR {, LWA-131{ 1 {{-Jof global mean sea level

JE-over the last 25 years.

- Steve Nerem, member of NASA's Sea Level Change team
Source: NASA
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‘ Melting Ice |

The world’s glaciers are the
smallest they have ever been
in human history.

1/ of measured sea level rise comes
3 from melting mountain glaciers —
the same contribution as the
Greenland ice sheet and more
than the contribution of the
Antarctic ice sheet.

Many of the world’s glaciers may
Mountain glaciers disappear in the next century.

Source: Nature Climate Change, National Geographic

How Does The Melting Of Land-Based
Ice Contribute To Rising Sea Levels?

Overall, Antarctica sendsG?19

(P more ice plunging into
the sea each year than it

Antarctica &
Giant ice Greenlq nd

heet : did in 1979.
e Contain enough(i=Jto
27 if they all melted.
o East Antarctica
- Melting at an accelerating rate
- Responsible for more than 30%
of Antarctica’s contribution
~ R . to rising sea levels
Glaciers are West Antarctica
- Rapid thinning of glaciers
than they - Ice sheets are now below sea level
accumulate new snow. - Base is melting due to warmer oceans v
U Below sea level MAAAA

As these ice sheets A
and glaciers melt, the
water eventually runs
into the oceans, causing

o

Source: The Straits Times
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WHY IS THERE MORE

HEAT IN OUR OCEANS?

How Carbon Dioxide Is Heating Up The
Planet, Making Our Oceans Warmer

Carbon dioxide is a gas that With the atmosphere, the :

tributes to the greenhouse averagetemperatturens S Cileld,1-14"II-N
con the Earth will be as cold as the moon.
(That's an average of -153°C!)

The greenhouse effect occurs when °WeV9f--- . .
gases in the Earth’s atmosphere trap if more carbon dioxide exists il =

the Sun’s heat. This process makes tmosphere, the Earth on average will
.
the Earth much warmer than it would

. his is global warming. l
be without the gases. &

effect.

CO: and other gases in the atmosphere

trap heat to keep the Earth warm . . .
Energy from the sun Burning fossil fuels like

warms the Earth ‘ ’ T

2019 concluded a decade of exceptional global
heat, retreating ice and record sea level rise driven
by greenhouse gases from human activities.

Coal and oil

While someiis
reflected back
into space

puts more carbon dioxide into our
atmosphere, changing the Earth’s
natural greenhouse effect.

Source: NASA

Source: World Meteorological Organization

And In 2018 Alone,

The Korean Peninsulaq,
Scandinavia, the UK,
. Greece, Sweden and the US

Greece Japan

A wildfire east of the Temperatures near
capital Athens killed Tokyo rose to a record
at least 74 people. high of 41.1°C.

All of them experienced
severe heatwaves that
killed dozens and
triggered wildfres.

Source: The Straits Times
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OUR IMPACT ON

GLOBAL WARMING

How Do Our Actions Affect Global Warming?

Main sources
a — of energy

Coal
(Hydrocarbons)

Burning fuel and coal releases a
great amount of carbon dioxide
(COz) into the Earth’s atmosphere.

W .

Source: Earth Observatory of Singapore

‘ In Singapore, |

Private cars Going car-free can save

contribute 2.4 tonnes of greenhouse gas
more than 1/3 of

emissions

Transport sector

Source: IOPScience, National Climate Change Secretariat

Did You Know?

7 Buying produce or items
O000 | Canrelease N
%Q around 1.6 that are({y]Lla kil
An average tonnes of neighbouring countries
greenhouse

transatlantic
.0’@
[ [ )

round-trip flight —
= Lower carbon footprint U

Average yearly than those imported from
emissions of faraway countries
1 personin India

Source: National Climate Change Secretariat
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A Recent Survey On Food
Waste In Singapore:

1,002 dent u "
respondents Smart Consumers

Less than a quarter refer to those who consume all
could be classified as food items bought, do not throw
“smart consumers” away unconsumed food, and are
not swayed by promotional offers
to buy excess food items that are
potentially wasted.

Source: Singapore Environment Council

—

7 P

Individuals can adopt a low-carbon
diet by incorporating plant-based
food as much as possible.

‘ A 2017 Study Found That: |

In 2019, Singapore generated

A third of people in 168,000 tonnes 1Al

Singapore have oy Jaather waste, of which only

Plant-based The Cost
food

An estimated 23% of greenhouse
gas emissions come from agriculture,
livestock, and the land needed to
raise them.

thrown away clothing
after wearing it WCIS recycled.
just once
Source: YouGov
v contributes to around
o [ 4
To reduce consumption, we can 3% of th.e WOI‘IC! S .QIObal
opt for second-hand goods ]t production er.nls.smns of
clothes or furniture carbon dioxide,
& mostly because
Donate our clothes if they are in of the energy
el leer i )as clothing should used to produce

not be placed in the recycling bin

Source: CNA

CHAPTER 1 It's not so cool



THE WORLD IS
DROWNING

How Has The World Been Impacted By Rising Sea Levels?

In the Maldives In the Pacific Ocean

90 inhabited islands

experience annual

5 Solomon Islands
disappeared as a result

flooding of being swallowed by
rising seas
In Vietham In Indonesia
Several resort buildings Jakartais the
are at risk of collapsing fastest-sinking city

due to land erosion - at Sto 10cm per year

Source: CNA
‘ In Nature, '

AAAAY A A

NN\ NN ACACALALAL
Rise in Impacts the Is one of the causes of
sea level coastline critical coastal wetland

habitat and mangrove loss

The amount of light reaching
offshore plants dependent on

photosynthesis could be reduced 07
“‘ 'z

Mangrove ecosystems

“ ‘ ‘ require stable sea levels
} for long-term survival

Source: WWF
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CHAPTER 2: We're in hot water

In the second chapter of this series, we examine the
problem of rising sea levels from a Singaporean lens.
Find out what our nation has done in the past to

prevent flooding, whether your homes are susceptible
to rising sea levels and what the nation intends to do
moving forward.



HOW IS SINGAPORE AFFECTED
BY RISING SEA LEVELS?

When the polar caps in
Greenland and Antarctica
melt, the ice mass is reduced,

and the gravitational pull from
the ice sheets decreases.

Singapore, being near
the equator,

is more vulnerable
to climate change.

As a result, more melted
ice and seawater gravitate
towards the equator,

) |\

raising sea levels
even further.

There will be shifts in rainfall
patterns

\ \ \ \ \

N (- A
\ \

& \DP9.4
leading to more severe
flooding and droughts.

Source: The Straits Times & CNA

‘ In The Event of: |

)

Rise In Mean High Tides High Surges

Sed Level

Sea levels could rise by up to(l;j)above the
current mean, and overwhelm Singapore's
low-lying coastal areas.

Source: Centre for Climate Research Singapore
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WHAT WILLHAPPEN TO US
WHEN SEA LEVELS RISE?

‘ Is Your Home At Risk Of Flooding? |

Q Less than 5m above sea level

B} About 15m above sea level

B Morethan 20m above sea level

*For illustration purposes only

One-third of Singapore, including the Central Business District,
is less than Sm above the mean sea level.

List Of Low-Lying Areas In Singapore
(as at May 2019):

East

- Bedok South Road
North - Chin Cheng Avenue
- Lorong Buangkok
- Meyer Road

- Admiralty Road West near
Sembawang shipyard

West - Mimosa Walk - MINDEF’s Changi Camp
- Hong Kah area , - New Upper Changi Road
- Second Chin Bee Road ' - Rose Lane

- Tanjong Katong Road South
- Upp East Coast Road

Central
- Alexandra Road - Indus Road - King George’s Avenue - South Bridge Road
- Beach Road - Jalan Besar area - Langsat Road area - Stevens Road
- Bugis area - Jalan Benaan Kapal - Lower Delta Road - Tanglin Road
- Commonwealth Avenue -Jalan Gembira - River Valley Road - Zion Rd
- Farrer Park area - Jalan Mashor - Sennett Estate

Source: Public Utilities Board
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Singapore’s continuous temperature
records since 1948 show that the island
has warmed notably in the mid-1970s
when rapid urbanisation took place.

| 2010s I

Intense Rainfall

s>

_— N N N

Major flash floods

On 16 June 2010, morning rainstorms
resulted in flash loods along Orchard
Road. Rainwater flowed into the
basements of several buildings,

including Lucky Plaza, Liat Towers,
Tong Building and Delf Orchard.

sl
=1

Affected shops, such as fast food
restaurants, food courts and cafes,
reported heavy losses in
infrastructure and equipment.

Source: Meteorological Service Singapore,
Eco-Business & The Straits Times

WHAT DID SINGAPORE
EXPERIENCE IN THE PAST?

THEN | 1977 Onward I

C)

ure (°

llllllllllllllllll
llllllllllllllllll

Eight of the ten warmest years on
record in Singapore occurred in the
21st century. The ten warmest years

took place after 1997.

I 2014 I

Two record dry spells
from January to
March 2014

Jan 13 A dry spell is defined by
Meterological Service

Singapore as a period of

at least 15 consecutive days

with daily total rainfall of

less than Tmm, averaged

over rainfall stations with
Feb 8 long-term records across
the island.

Barely any rain fell in the
period of January 13 to

February 8, and February
17 to March 15, beating the

previous 2008 record of
18 days.
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| 2019 I
September 2019 was the
warmest, driest month

In Singapore since

September 1997
September September
1997 2019
© ©
Mean daily Mean daily
maximum maximum
temperature temperature

33C

I 2014 l

February 2014 was the
driest month since 1869
with just 0.2mm of rainfalli

32.2°C

Desalination and NEWater plants
operated at near full capacity to meet
water demand.

National water agency PUB pumped
20 to 30 million gallons of
NEWater into reservoirs each day from
late January to February 2014 to
maintain their water levels.

NOW

CHAPTER 2: We're in hot water

| Presently I

+0.25
+0.25
+0.25
+0.25

+0.25

Mean surface air temperature in

Singapore has risen by an average
of 0.25°C per decade between 1948

and today, which is about double
the global trend of 0.12°C per decade
from 1958 to 2012.

I 2016 l

2016 & 2019

Daily mean
temperature

28.4°C

Two of Singapore’s
hottest years
on record
A mean temperature of 27.94°C from

2010 to 2019 also made it the
hottest decade ever.

Source: Meteorological Service Singapore,
Eco-Business & The Straits Times



WHAT MIGHT HAPPEN
TO SINGAPORE?

If we do not start doing something now, this is

what Singapore could look like in the future.

In The Last Few Decades Of
This Century (2070 to 2099):

Daily mean temperatures
are projected to increase by

2.9Cto4.6°C

Sea levels are
projected to

rise up to
1 metre by 2100

These values are compared with the baseline period of 1980 - 2009

What Are The Risks?

‘ 1. Our Coasts |

Communities and properties along Singapore’s
coastline could be affected by rising sea levels.

il N

11N The Centre for Climate Research Singapore projected
i1 m that the country could experience a mean sea level
11l rise of up to 1 metre by 2100.

“What about a high emission (scenario)?
We're looking at a full 1.5 metres for
Singapore ... that's our best estimate.”

Benjamin Horton, climate scientist

esidents and infrastructure, A\
O '

Inland areas like

Bishan & Toa Payoh
could be atrisk o

If sea levels rise -~ :
more than  CALLEUD) flooding -

Source: National Climate Change Secretariat & CNA

CHAPTER 2: We're in hot water




‘ 2. Water Supply & Floods |

Periods of drought
can affect the
reliability of
Singapore’s water
supply.

' 3. Public Health & Food Supply |
*
A
4 é%

8 SR ¥ 4

Sudden intense

rainfall
could lead to Q‘

flash floods.

a4

Higher temperatures may Vector and pest populations Should food production be
increase the chance of people could increase due to higher  affected by extreme weather,
experiencing heat-induced temperatures and rainfall, our imported food supplies
illnesses, including heat rashes, increasing the incidence of could face disruption
heat cramps, heat exhaustion, diseases such as dengue. and price spikes.

and heat stroke.

‘ 4. Essential Services |

Intense rainfall, sea level rise, and temperature changes could affect the
operation of our telecommunications, power, and transport infrastructure.

Singapore’s underground Changi Airport also faces Singapore is home to one
MRT stations may be flood risks from more intense of the world’s busiest hub
susceptible to looding during rainfall and rising sea levels. ports. The new Tuas Port
intense rainfall, affecting over This is why Changi Airport TS will be built to 5m above the
2.7 million passenger trips will be designed to be 5.5m mean sea level to protect
a day. above the mean sea level. it from rising sea levels.

Source: National Climate Change Secretariat
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‘ 5. Biodiversity And Greenery |

) L____ g

Trees could be damaged Biodiversity may be There may be more
or uprooted due to affected by changes bush fires due to
strong winds. in temperature and temperature increase
rainfall. and low rainfall.

Many forms of wildlife make coastal areas
their home. As the rising ocean erodes the
shoreline and floods the areas in which coastal
animals live, animals like shorebirds and sea
turtles could potentially lose their homes.

Their delicate nests may be swept away Their habitats may be so damaged by
by looding, an especially big problem for flooding or changes in the surrounding
endangered animals like sea turtles that plant life that they can no longer survive
can't afford to lose any offspring. in the environment.

<

=2
Apart from coastal areas, However, mangroves may also be
mangroves are also home to a vibrant eroded by rising sea levels. Without
and diverse range of wildlife. mangrove forests, the wildlife will no
Furthermore, they act as an longer have a home to live in or places
important pit stop for migratory to rest in, and this would ultimately lead
birds such as the whimbrel, common to their extinction in the long run.

greenshank and common redshank.

Source: National Climate Change Secretariat & The Straits Times
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HOW ARE WE FIGHTING
SEA LEVEL RISE?

l What Has Singapore Done? |

We implemented a We are using solar energy
carbon tax in 2019, and have installed large-scale
with the intention solar panels that float in our
of increasing it reservoirs and off our
over the next ten shorelines in the sea.
years.
l What Is Singapore Doing? ]
The Singapore Green Plan 2030 was announced in
February 2021 and it details our targets & initiatives
for national sustainability for the next 10 years.
Some of our targets Some of our initiatives
include: include:

Qi -

in 140ha of parks and gardens,
and restoring and enhancing 30ha
of forest, marine, and coastal habitats.

by over 50% from the 2020 baseline

and having every household within
10-minute walk from a park.

75% of commuters @
taking

by 2030. over the next decade.

't

Making Q Qllh’

=T in Singapore of our buildings through
|||||l' EE green by 2030. \\f the Singapore Green
"\_ HE “I\ \ Building Masterplan.

Source: Ministry of Sustainability and the Environment & The Prime Minister’'s Office
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HOW ARE WE PROTECTING
THE VULNERABLE COMMUNITIES?

== = Setting higher
- - minimum
: : reclamation levels
. .
-
Raising heights Building geo-bags
of coastal roads and seawalls

Designing a stormwater management system

Source

Slow down stormwater
runoff entering the public
drainage system with an
extensive network of drains,
canals and reservoirs.

Pathway

Enhance water
transportation pipelines
to cope with higher

Receptor intensity storms and
Provide additional lood cater for more intense
protection for buildings rainfall events.

and key infrastructure.

Studying the feasibility of
an innovative underground | |
drainage and reservoir system
— —

Reviewing the resilience of
power stations, transport,
and telecommunication
infrastructure against
localised flooding and
temperature changes

Installing flood barriers at
existing underground MRT
stations in low-lying areas

Source: National Climate Change Secretariat & The Prime Minister’'s Office
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CHAPTER 3: still sitting ducks

In the third chapter of this series, we examine the
problem of rising sea levels through the eyes of
other lifeforms on our planet. What animals have
to adapt to a warmer planet? What happens when
saltwater starts invading freshwater habitats?
How are the animals at the North and South Poles
affected?




Endemic Animals Are Animals That Are
Found Only In A Specific Area. They Wil
Be Hit Hardest In a Warming World.

Many of the planet’s most cherished creatures will wind up
on the path to extinction unless humanity stops loading the
atmosphere with carbon dioxide and methane!

Below are some examples of animals that are at risk of extinction.

r' ' \:“

Forest elephants in Vaquitas in the Lemurs in Snow leopards in
Central Africa Gulf of California Madagascar the Himalayas
Source: CNA

'y Sea ice loss is how posing serious

threats to the Arctic’s indigenous
species - its seals, fish, wolves,
foxes and polar bears.

“The Arctic food chain relies on a stable
sea ice platform that is now disappearing,
putting the region’s wildlife at risk”,
said marine ecologist Tom Brown of the
Scottish Association for Marine Science
in Oban, United Kingdom.

Source: The Guardian



Rising Sea Levels Will Have Serious
Impacts On Marine Ecosystems.

The amount of light reaching
underwater plants and algae dependent

on photosynthesis could be reduced,

while coastal habitats could become
flooded.

Source: WWF

A Small Rise In Sea Level Can Have
Devastating Effects On Coastal
Habitat Further Inland

Loss of habitats for
fAsh, birds and plants

Wetland flooding

Destructive
erosion

Salt contamination of
aquifer and agricultural soil

Source: Pixabay, Unsplash



HOW IS COASTAL
WILDLIFE AFFECTED?

1. Sea Turtles And Freshwater Turtles

Endangered animals’ habitats are being destroyed

Seda Level Rise will threaten
wildlife populations

Many forms of wildlife have their homes in

coastal areas. As the rising sea level erodes
the shoreline and floods the areas in which

coastal animals live, animals like shorebirds
and sea turtles will suffer.

Their delicate nests may be swept away
by floods, which poses an especially big
problem for endangered animals like sea
turtles that cannot afford to lose their
offspring. Their habitats may be so badly
affected by the floods or changes in the
surrounding plant life that they can no
longer survive in the environment.

Source: Business Insider

At Florida’s Archie Carr

National Wildlife Refuge,
42% of Loggerhead
Sea Turtles’ nesting beaches
are expected to disappear
if sea levels rose by just 1.5 feet.  Logserheadseaturtie

Source: EcoWatch
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The intrusion of seawater into freshwater
habitats will affect more species.

If the sea level were to rise just a metre by 2100, the
intrusion of seawater is likely to inundate many of

the habitats that freshwater turtles need.

Seawater

Freshwater
SEDIMENT

Many freshwater turtles live adjacent to brackish ponds
where, during periods of high water, the brackish pools
can overflow into the freshwater and increase the salinity.

s>

Droughts and water diversions can
also increase salinity levels of
water bodies. While turtles can live
in brackish areas, many do not cope
well with high levels of salinity.

Brackish water

Freshwater

Coastal freshwater turtles that live in
brackish water are in poorer condition
than those in freshwater.

Salt is an irritant to the eyes and respiratory system of the
turtles. Hence, freshwater turtles often get out of the water to
prevent too much salt from getting into their body.

Source: Yale Climate Connection
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2. Hawaiian Monk Seals

Sy
Cﬁ the islands’ sandy beaches. In addition

e~ to pupping, the seals also use the
C e, islands to moult their fur and skin for a
> 4 @~

o few weeks annually.

Most Hawaiian monk seals live in the
northwestern Hawaiian islands. Females
give birth, nest and nurse their pups on

The Hawaiian monk seal is

endangered and very rare,

with only around (& 1¢]eX];
them in the world.

4

2P ~-qr‘e' ",”,'7 ,*l
o VL e i‘;\i,““‘
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A one-metre sea level rise by 2100
could submerge huge swaths of these
low-lying Hawaiian islands under
the ocean.

Hawaiian monk seals may be able to find
higher elevation islands for their pups to
moult their fur and skin. However, with
habitat loss, these animals will likely be
forced into closer quarters, as there would
be less space for them to carry out these
activities after a large portion of the island
has been submerged.
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3. Western Snowy Plovers

Rising seda levels and more frequent flooding may drive
coastal nesting birds around the world into extinction.

1 of the main reasons is that even though tidal
floods are predicted to become more frequent and severe due to
climate change, these birds have not responded to tidal floods,
such as increasing the elevation of their nests, even among those
that have lost their nests in these floods. Some attributable
factors include the presence of predators or unsuitable
vegetation, which might discourage birds from nesting higher.

A third of the American West Coast beach habitat area
used by the western snowy plovers is less than 1 metre
above sea level! This makes them especially vulnerable
to rising sea levels.

Source: Yale Climate Connection, Australian National University & EcoWatch
Image Source: Unsplash
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HOW IS TERRESTRIAL

LIFE AFFECTED?

Wolves and Foxes

Populations of wolves and foxes are
currently isolated only in summer.

For most of the year, these groups are connected
by sea ice. But as sea ice coverage declines over
the years, packs are being kept away from each
other for an extended length of time, reducing
cross-breeding which is important for genetic

well-being.
Source: The Guardian

FRESHWAT

Florida Key Deer

In Florida, the Florida Key Deer population is
estimated to be roughly 1,000. However, their
low-lying habitat is in grave danger of being
flooded by seawater.

The primary concern is the “freshwater lens” which
allows freshwater to pool on the island. If the sea

level rises even minimally, this lens could be

Freshwater Lens

Wildlife

There are many species in the ecosystem
that are at risk of extinction, such as the
Lower Key March rabbits, snakes, butterflies
and many others. This is only one part of the
larger ecosystem. If more species become
extinct, our ecosystem will slowly be
destroyed.

N5/

/)
i -

breached, causing saltwater inundation, and making
the water on the islands non-potable.

It’s not the species so much as the
ecosystem that’s being altered and lost
and there’s a lot of other species that
are directly impacted (as well as) the
ecosystem as a whole. It’s a symbol of
the ecosystem as a whole that's being
changed.

Eric Hoffman, Associate Professor of
Biology at the University of Central Florida
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HOW IS MARINE
LIFE AFFECTED?

1. Survival Of Coral Reefs

The survival of coral reefs and other
critical habitat-forming species
hinges on their ability to move into
shallower waters.

Most slow-growing species are unlikely to
be able to keep pace with rising sea levels.
Coral reefs, sea grass meadows, kelp beds,
rocky intertidal zones and estuarine
communities; all of these valuable
ecosystems can be found at around sea
level.

Source: Conservation International

Sedimentation runoff can lead to the

smothering of corals.

Sea level rise may lead to increased sedimentation
at reefs located near land-based sources of
sediment. This can reduce the survivability of
organisms in the ecosystem, which are still

trying to adapt to the changing environment.

Source: National Ocean Service

2. Marine Animals

Narwhals hide safely among seaice to
avoid their natural predator, the killer whale.

Robbed of that protection, narwhal numbers

could dwindle dangerously, marine biologists warn.
These tusked whales are also called the unicorns
of the sea!

Source: The Guardian

Seaice is acritical habitat for Antarctic krill,

the food source for many seabirds and
mammals in the southern ocean.

As sea ice diminishes, so do Antarctic
krill populations, resulting in the
decline of various species

dependent on the krill.

I Sea creatures,

Source: Conservation International such as the
crabeater seal,

fishes, and
squids, feed on
krill to survive!

Antarctic Kirill
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HOW IS WILDLIFE LIVING ON
ICE AFFECTED?

1. lce-Dependent Seal

As the temperature rises, glaciers melt faster than
they accumulate new snow. As these ice sheets and
glaciers melt, the water eventually runs into the
ocedn, causing sea levels torise.

: §§ % " :
:

§ J
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Source: Jet Propulsion ;éaboratory
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As sea ice diminishes, algae - the Diminished sea ice results
primary food source of the Arctic food in the loss of vital habitats for
web that is dependent on seaice - will seals, walruses, penguins, whales
consequently disappear. This will and other megafauna.

cause a ripple effect on Arctic wildlife.

Ice-loving seals, such as harp, hooded and ringed seals, are
among the many species threatened by climate change!

RINGED SEAL

Harp seals are a prime example of why sea
ice matters. These seals give birth to pure

,Hmm - white pups on Arctic ice floes. During
, heir frst six weeks of life, before they
ey, ° ’

—_/ grow large enough to spend most of their
time in the water, the pups use the ice as
platforms for nursing and resting.

But as ice melts more quickly, pups are forced into the water before they are
ready to fend for themselves. These young pups are at risk of

hypothermia, starvation and being crushed by moving ice in the Arctic.

Source: GreenFacts, Smithsonian Ocean & Phys.org
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Seal yearlings are also harmed by declining sea ice
because their food is found along the edges of the ice.

Harp seals feed primarily on small crustaceans and fish, such as krill,
capelin and sand lance. Both use the sea ice edge as shelter from
their predators and feed on algae found along the edges of sea ice.

Given a choice between giving birth on land or seaice,
pacific walrus mothers more often choose ice.

Likewise, they prefer sea ice for moulting, mating,
nursing, and resting between dives for food. The
problem is, as the century progresses, there is going to
be far less ice around with sea ice receding beyond the
shallow continental shelf.

Female walruses and their calves face difficult situation:
they have to swim further distances to seek refuge on
shore when no ice is available, and the calves also risk

getting crushed in stampedes triggered by hunters,
airplanes, or bears on land. The melting of sea ice hence
threatens the survival of walruses.

Source: GreenFacts, Smithsonian Ocean & Phys.org



2. Polar Bears

A dramatic decrease in sea ice(JVE LR e Lol (e [d o T-Te [ LR LT fe

coastal communities and hunting camps to find food,

making them a nuisance and danger to people living there.

Polar bears rely on sea ice for hunting
seals, their primary food source.

While the bears can fast for months,
their survival depends on how much
energy they have managed to reserve
through eating ahead of time, the
energy they expend during the fast
and how long a fasting period lasts.

The spread of ice has been on the
decline as climate change accelerates
the rise in temperatures at the poles,

keeping polar bears on land where it is
harder to catch seals.

Source: Conservation International, NBC NEWS & National Geographic
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The Ice Will Break Up Sooner In The
Spring And Form Later In The Fall.

This causes the bears to

<JlldiThuge amounts of

CLEE))walking or swimming
long distances to get to

any remaining ice.

)

In the worst-case scenario, they will need to
stay on land longer, spending the summer -- #
and, increasingly, the fall -- fasting, living off o/
their fat from the seals they caught in spring.
The farther the bears have to travel to get on
the ice to hunt, the more weight they lose.

Malnourished

Eventually they will start(CELTTRITEEED
hurting their success at hunting,

"L K [ilaffect their ability to survive.

Source: Conservation International, NBC NEWS & National Geographic
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3. lvory Gulls

Ivory gulls are the most northerly
breeding birds in the world. They
are also the ones known to nest
directly on sea ice, including
icebergs.

As sea ice declines,
ivory gulls seem to be

declining in numbers too.

Ivory gulls’ breeding population in Canada
Population

2400 The population of ivor.y
gulls has been decreasing
in the past few decades
in Canada.

The ivory gull is listed as
endangered in Canada and
near threatened on the
vear International Union for
Conservation of Nature Red List.
1987 2003

nhow dealing with an ice environment
that's very atypical compared to what
they’ve had to deal with for the last

10,000 years or so.

George Divoky, Director and Founder of Friends of Cooper Island

Source: Audubon
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On a small sandbar island in the Arctic, Mandt's black guillemots
are laying their eggs earlier than usual to try to keep up with the
pace of melting ice.

In addition to this, they have to worry about the threat of polar bears
visiting the sandbar and eating the small guillemots.

‘ Polar Bears And Brown Bears '

Rapidly melting Arctic sea ice imperils species through interbreeding
as well as through habitat loss. With a loss of habitat, animals of the
same species are kept separated from one other and are prevented
from mating.

When more isolated populations and species come into
contact, they are more inclined to mate, forming hybrids, and
increasing the likelihood of rare species going extinct. As the genomes of
species become mixed, adaptive gene combination will be lost.



Sed Turtles

Sea turtles and birds with
high fertility and dispersal
rates may be able to adapt

by expanding or contracting
their home range sizes at
current rates of sea levelrise.

Turtles’ bodies cannot process
water with high salinity. As such,
they refrain from eating or
drinking when in these salty

waters.

Many turtles will lose
body mass over time.

However, some species have

adapted to survive in more
Diamondback Terrapin saline water

The diamondback terrapin, which lives on the eastern
coast of the United States, is able to live in brackish
"'1{-1{ by excreting salt from glands near its eyes.

Source: National Geographic, Nature.com, The Wildlife Society & Yale Climate Connection
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CHAPTER 4: Feeling salty

In the fourth chapter of this series, we
examine the effects of rising sea levels on
low-lying coastal areas as they become
increasingly inundated with saltwater,
which gradually contaminates the soil.




HOW DO RISING SEA LEVELS AND
HIGHER SOIL SALINITY AFFECT CROPS?

As Sea Levels Rise, Low-lying Coastal
Areas Are Increasingly Being Inundated
With Saltwater, Which Gradually
Contaminate The Soil

While salt can be dissipated
¢ (9 by rainfall, climate change
p a ¢ 0 46 o is increasing the frequency and
‘4 LLEs . severity of extreme weather events,
d 4 seeps into including droughts and heat
the soil waves. This leads to more
Water evaporates intensive use of groundwater
N for drinking and irrigation, which
,J’SI‘,JI‘ further depletes the water table
©

and allows even more salt to
leach into soil.

Salt remains

in the soil

|

As Saltwater Increasingly Floods Our
Lands, Soil Salinity Increases

This directly impacts the
fertility of the soil for crop

production. Essentially, having
too much salt present in the
soil is harmful for crops.
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When Water Evaporates, Salt Is Left Around
The Roots Of Plants. Here Are Some Effects
Caused By Soil Salinity:

48 DAYS
FROM SEED

e

Preventing plants from Stunting growth of crops Contaminating natural
absorbing water water resources, causing
the depletion of drinking
water supplies

A MA

Soil salinity is an enormous
problem for agriculture
under irrigation.

In the hot and dry regions of
the world, the soil has high salinity
and low agricultural potential.
In these areas, most crops are

grown under irrigation.

To exacerbate the problem,

inadequate irrigation
(i L leads to

secondary salinisation that
affects 20% of irrigated
land worldwide.

Industrial Agricultural Chemical
Pollutants Pollutants Composition
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Increased soil salinity will lead to low crop
production and the loss of wide varieties
of microbes and plant species.

Decreased Water Uptake

As the level of salinity
in the soil nears that
of the roots, water
becomes less and
less likely to enter
the roots.

When soil salinity is too
high, water in the roots
is pulled back into the

soil.

= “. Soil with high salinity

As the soil becomes more saline, plants are unable to draw as much water
from the soil. This is because plant roots naturally contain varying
concentrations of ions, or salts, that facilitate the flow of water from
the soil to the roots.

In saline soil, salinity levels are close to that of the roots, which hinders this
natural low of water. The plant is thus unable to take in enough water to grow.
If the salinity concentration in the soil is too high, the plant will wilt and die,
regardless of the amount of water applied.

lon-Specific Toxicity

Excessive accumulation of salts in the root
growing solution and irrigation with saline water
alters water movement in the plant. This

leads to excessive and damaging accumulation
of salts within the plant.

As a consequence, ion toxicity often induces
necrosis or chlorosis in the plant tissues, frequently
due to sodium but also chloride accumulation that

interferes with a range of physiological processes
in the plant.

Source: Texas A&M Agrilife Extension, ScienceDirect, Eco-Business & Magazin MN
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Sodium Effect On Soil Structure

Sodicity in soil has a strong influence on Soil scalding can occur. This is

° - - er where the topsoil is eroded and

the soil structure of the layer in which it is sodic subsoil is exposed to the
present. A high proportion of sodium within surface, increasing erodibility.

the soil can result in dispersion.

On drying, the soil becomes
dense, cloddy and without @7y
structure. This dense layer is
often impermeable to water @

and plant roots. This is how
sodic soil can adversely affect (714
the plants’ growth.

Dispersion occurs when the clay
particles swell strongly and separate
from each other on wetting.

In food

production As the United Nations has projected,
needed particularly in irrigated areas where
by 2050 large-scale salinisation occurs.

Rice farms are frequently flooded,
and the crop itself is especially
sensitive to salt. In response to
these new pressures of rising |
sea levels, researchers are
developing rice varieties that can
handle higher salinity and other
environmental stresses.

Rice seedlings
growing in high
salinty soil.

Source: Texas A&M Agrilife Extension, ScienceDirect, Eco-Business & Magazine MN
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HOW DOES GROUNDWATER

CONTAMINATION AFFECT CROPS?

In many areas of the world, people get their freshwater
from groundwater. This water is pumped up from aquifers
for human use. One of the most significant ways
freshwater is used is for agriculture.

3.

This makes these previousl C o e -
: y An aquifer is an underground layer of
reliable sources now ]

: . water-bearing permeable rock, rock
unsuitable for agriculture. | fractures or unconsolidated materials. |

1
A
/

Aquifers

Sediment

9 ¥
" Water that was
-I previously fresh

As sea levels rise, becomes salty.
saltwater encroaches into
the water table.

As changes in precipitation

occur and the sea levelrises,

the occurrence of
saltwater infltrating
groundwater resources
may increase and
reduce the availability
of freshwater for

coastal communitie

Source: Magazine MN, NEEF & The Washington Post
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Rising Seas Extreme Weather Sinking Land

+ +

These are causing salt from the ocean to contaminate
aquifers and turn fertile felds barren.

unit: parts per thousand
1 milligram =1000 Gram

>5.0

Salinity Level

In a study by researchers from
North Carolina, the salinity of
groundwater at a farmland

located in Engelhard, North
Carolina was found to be between
five to nine parts per thousand - far
above typical salinity levels of 0.5
parts per thousand, which is the
recommended salinity level for

agriculture. Freshwater Groundwater

N

sources
Oof Water

Source: Magazine MN, NEEF & The Washington Post
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HOW DOES AN INCREASE IN
FLOODS AFFECT CROPS?

Warmer Temperatures Are Also
Resulting In Stronger And Wetter Storms

Warmer temperature combined with rising
sea levels create more damaging storm
surges. Under future climate scenarios,
including sea level rise and greater
storm surge frequency, the extent of
coastal looding is set to increase.

With rising sea levels, storm surges
become more widespread and
catastrophic. This leads to greater
amounts of land being exposed

to saltwater flooding.

Coastal Flooding Of Farmiand Can Lead To
Immediate And Long-Term Crop Losses

Even after loodwater recedes,
salt deposition from seawater
establishes a legacy of soil
salinity, negatively affecting the
growth of many crops with a
long-term impact on soil
structure.

Flooding makes growing crops like rice, bananas and coconuts more difficult
as these crops are mostly grown in low-level coastal areas. Flooding in these
areas can kill these crops. This will likely heavily impact coastal countries.
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Rice Is Grown In Vast Low-Lying Deltas
And Coastal Areas In Asia

More than half of Vietnam's rice produce, for instance, is grown in the Mekong
River delta—all of which are vulnerable to sea level rise.

Predicting the precise effect of
sea level rise on rice production
in vulnerable areas is
complicated as the entire
hydrology of the delta would be
affected; sediment discharge and
shoreline gradients would also
change.

Vietham
/

Mekong River Delta

The Growing Intensity Of Tropical Storms
May Result In More Flooding

Sea level rise is also likely to increase with climate change, and can
lead to the drowning of crops. Floodwater can also transport sewage,
manure or pollutants from roads, farms and lawns. As a result, more
pathogens and toxins could find their way into our food.

Physical damage caused by a coastal flood will not only affect the
farmland but also the entire agricultural pipeline, from fertiliser and
machinery suppliers to processing plants and distributors.

Source: MarshMclennan, Wiley Online Library,
Magazine MN, Ricepedia & Comlumbia Climate School
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HOW DOES EROSION
DESTROY AGRICULTURE?

Soil Erosion Is A Gradual Process Of
Movement And Transport Of The Upper
Layer Of Soil (Topsoil) By Different Agents

Water, wind and mass movement can cause
the topsoil to deteriorate in the long term.

As Flooding Becomes More Frequent And
Far-Reaching, Erosion Will Also Become
More Widespread

When floodwater recedes, it can .
sweep away soil and land. This -

can deteriorate agricultural lands,
which previously did not flood or
only flooded infrequently.

Unfortunately, erosion control measures are often costly and
ineffective. This makes them particularly problematic in developing

countries with limited Anancial resources. Often enough, agricultural
land heavily impacted by erosion will become permanently unusable.

Images source: Unsplash
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Effects Of Erosion:

Reduced Crop Productivity ) /
// y Decrease in crops
The development of erosion can
take a different pace depending on g :
the circumstances. It affects land o

productivity and soil fertility,
degrades water quality,
and affects water drainage.

N

"\

A\

Poor sewage system

Poor soil quality

Lack Of Moisture

WATER LEVEL . ) .
CONTROL STRUCTURE Moisture is known as an important

factor for soil all over the world.
Erosion results in groundwater
pollution, and the stiffened structure
of soil, caused by lack of moisture,
impedes the flow of water in deeper
layers.

C )

SOLID PIPE

EAULTY RISER BOARE Poor drainage speeds up erosion
due to densely-packed soil. This
leads to insufficient Llevels of soil
moisture, which may decrease feld
productivity.

Soil with a pH level

High Soil ACidity of 4.0t0 5.0 is

extremely acidic!

Another detrimental effect of erosion
is the increased level of acids in soil
as the biological structure is impaired.
Once organic masses are thinned out
from the topsoil layers, the soil is no
longer able to maintain an acceptable

pH level. pH values above or below A
the desired range undermine the

ability of plants and crops to grow. 4 [ISOINEN 7 | 8|9 |0

acidic . alkaline
pH level of soil

Source: Youmatter, Magazine MN & Earth Observing System
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HOW DO RISING SEA LEVELS
AFFECT CROP YIELD?

According To A Food & Agriculture
Organisation Report:

Image Source: Pixabay & Unsplash

Increasing temperatures, rising sea levels and changes in rain patterns
because of global climate change will make water and land resources
scarce. This will then substantially impact rice cultivation.

This will especially impact Asia, where the viability of land to grow rice
crops decline by more than 50% within the next century. In Asia, where
much of the rice is grown in coastal areas and low-lying deltas, rising sea
levels will likely disrupt rice production, and saltwater that moves further
inland can reduce yields.

20th Century

21st Century
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In a recent study by the University of Exeter, banana
production could be wiped out by adverse climate
conditions in 10 countries by 2050!

Although crop yields have
increased since 1961 due to
higher temperatures and
better production
methods, global warming
and frequent floods and
droughts will still threaten
banana production.

N\

. - A

<

Banana production won't just be threatened in
South America but also at our doorstep in Asia:

India The Philippines

]
____

The world’s 2 largest producers and consumers

are projected to suffer marked drops in banana yields
in the coming decades.

Banana Yield

Year
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Coffee is set to disappear as 50% of the land
used to grow coffee will not be arable by 2100.

A landmark Intergovernmental Panel
on Climate Change report warned of the
urgent need to tackle land
management, with topsoil erosion
happening at faster rates than ever
before, threatening irreversible
ecosystem loss. A study published in
the journal Science Advances stated
that popular coffee species, such as
Arabica which makes up 60% of global
production, are under threat.

Arabica Coffee Plant

A recent study of global vegetable and legume production concluded that if
greenhouse gas emissions continue on their current trajectory, yields could
FIR LYY WAV TNl water scarcity, increased salinity and ozone,
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Groundwater Salinity

Low salt A High salt

concentration concentration

Source: Green Queen Media & Columbia Climate School
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HOW TO MANAGE HIGHER SALT
CONTENT IN FARMLANDS?

There Are Three Ways To Manage
Saline Soils:

Leaching Requirement Method

Salts can be moved
below the root zone by
applying more water
than the plant needs.

Once the soil is saturated with water, the water begins to leak deeper into the
layers of rock and subsoil beneath. When this happens, the water-soluble
salts are also carried further down into the soil.

Leaching + Artificial Drainage

Soil

Water Table
Zone of saturation [{AE163

to the area where the
pores and fractures in the
ground are saturated with
water.

|f the water table, or the surface of the zone of saturation in the ground, is
shallow, a drainage system is used alongside the leaching requirement method.

The drainage ditches are dug beneath the water table level to help channel away
the drainage water and allow the salts to leach out.
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Managed Accumulation

Salts can be moved away from the root zone to locations in the soil,
other than below the root zone, where they are not harmful.

One way to achieve this is to irrigate every other furrow while leaving
alternate furrows dry. This pushes the salts from the irrigated side of
the furrow to the dry side.

Irrigated Furrow

Soil salinity can be reversed, but it takes time and is
expensive.

Solutions include improving the efficiency of
irrigation channels, capturing and treating salty
drainage water, setting up desalting plants and increasing
the amount of water that gets into aquifers.
Mulches to save water can also be applied to crops.

Mulch is any material that is spread or laid
over the surface of the soil as a covering.

Source: Colorado State University & Eco-Business
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Developing salt-tolerant crop varieties and farming
methods, as well as funding infrastructure projects
to prevent saltwater flooding, can help coastal farms
remain viable as sea levels rise.

Scientists from Brigham Young

University took the roots of They isolated over 40 different
salt-tolerant plants (called bacterial isolates, some of

halophytes), grounded them up which can tolerate ocean-level
and grew the bacteria in a petri salt content.

dish in the lab.

Alfalfa is typically
consumed by humans
as a herbal supplement
or in the form of alfalfa
sprouts.

They saw significant growth of the The team then applied the
alfalfa both in their lab and in bacterial isolates to alfalfa seeds
greenhouse experiments carried through a solution and tested the
out by collaborators at the alfalfa’s ability to grow in
Institute for Advanced Learning high-saline conditions.
and Research in Virginia.
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With these discoveries, they learnt that lands that are unable
to sustain plant life due to high salinity can once again be
used for crops.

D

Farmland testing of salt-tolerant rice varieties under different
soil and water regimes, training and raising awareness among
farmers, as well as developing policy guidelines, have also been
important aspects of developing new crops and farming methodes.

In addition to developing new rice varieties, other measures that
can be carried out include the implementation of crop rotation
systems, soil salinity management using raised seabeds and
changing the date of sowing.

In Bangladesh, one successful measure was an aquifer recharge
which collects freshwater during the rainy season for use in the dry
season. This, combined with improved soil management, can greatly

benehft agricultural land vulnerable to saltwater intrusion.
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Application Of Managed

Aquifer Recharge:

Freshwater is collected
from rooftops and
ponds and then passed
through a simple sand
flter.

The hAltered water is then
transported into the shallow
saline aquifer through a ring of
infltration wells. This creates a
floating lens of improved quality
water underground.

The freshwater lens stays intact
underground, because the water
mixes only minimally with the
inherent brackish or saline water.

==

Freshwater

Brackish water

Brackish water is water
with salinity levels
between seawater and
freshwater.

This freshwater can then
be abstracted using a
standard hand pump to
yield water throughout
the year.

Source: International Water Management Institute (WMI)
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WHAT CHANGES WILL BE
INTRODUCED WITH THE
SINGAPORE GREEN PLAN 20307?

What Is The Singapore Green Plan
2030 All About?

In February 2021, the Government
unveiled the Singapore Green Plan
2030, a whole-of-nation movement to
advance Singapore’s national

agenda on sustainable development. The Green Plan charts ambitious and

concrete targets over the next 10 years,
strengthening Singapore’s commitments
under the United Nations 2030 Sustainable
Development Agenda and Paris Agreement,
and positioning Singapore to achieve its
long-term net-zero emissions aspiration as
soon as viable.

‘ The 5 Pillars |

City In Nature Sustainable Living
« Add 1,000 more hectares (ha) of green * 75% of all trips to be on mass public
o -
spaces by 2035, and increase nature parks’ transport by 2030, up from 64% in the
land area by over 50% from 2020 baseline. present.

» Every household will live just a
10-minute walk from a park.

(
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Resilient Future

nergyreser GreenEconomy | eswithcool

paint and by increasing

‘ ll

» Existing HDB towns willuse 15% . Develop Singapore to be a

less energy through measures like  carbon services hub, and a greenery.
the widespread use of smart LED l_eading centre for green

lights and solar energy by 2030. Ainance in Asia and globally.

« 80% of new developments to be  Leverage opportunities in

Super Low Energy buildings from sustainable industries to

2030. create good jobs for

Singaporeans.
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With Regard To Rising Sea Levels, One Of
The Green Plan’s Five Key Pillars Includes:

Resilient Future: To build up Singapore’s climate resilience
and enhance our food security. This pillar includes
ways in which Singapore plans to adapt to sea level rise and
enhance flood resilience, such as:

cle ™
—", Y
Research and development]ze, 'Site-specific studies]?s
better understand sea level rise assess and provide details
projections and technology/ of coastal adaptation
modelling to manage inland and measures to be
coastal flood risks holistically. implemented.

‘
A sustainable and(=I[E S50
(e hto be set aside

for coastal and flood
protection.

Complete formulation of engineering

design and implementation plans for
Target For 2030: coastal adaptation measures at City-East
Coast, Northwestern Coast (Lim Chu Kang

and Sungei Kadut) and Jurong Island.

Source: Singapore Green Plan 2030
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CHAPTER 5: Breaking the banks

In the fAfth chapter of this series, we examine the
solutions to combat climate changes in various
countries all around the world. We also look at the
actions taken by industries and businesses that are
affected by rising sea levels.




WHO ARE ENVIRONMENTAL
REFUGEES?

In The Mid-1980s

Image source: Julie Recard via Unsplash

United Nations Environment Programme researcher El-Hinnawi,
defined environmental refugees as "people who have been forced
to leave their traditional habitat because of a marked
environmental disruption (natural and/or man-made) that gravely
affected the quality of their life".

They are moving either within their countries or across borders,
on a permanent or temporary basis, with 200 million being the
most widely cited estimate.

Rising sea levels

have threatened

citizens to leave
Kiribati!

4----—

R

In 2015, the Teitiota family applied for refugee
status in New Zealand, fleeing the disappearing
island nation of Kiribati. However, courts in New
Zealand rejected their claim and they were sent

back to Kiribati.

* For illustration purposes only

Kiribati

New Zealand

Source: BBC News



A Study Published In The Journal
Proceedings Of The National Academy
Of Sciences Reports That Sea Level Rise
From Accelerated Melting Could “Have

Profound Consequences For Humanity."

In total, up to 2.5% of the world's current population
could be displaced from their homes by 2100.

Researchers found that:
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The earth could heat up by Melted ice could raise sea
5°C in the next 80 years! levels worldwide by more
than 2m!

Ty
v

These cities have a higher
chance of being swamped
by rising sea levels!

Estimated

Population:
187 million

United

New York
States

Shanghai

Critical land along the
Nile River Delta used
for crop harvests may

be submerged. Small Pacific island nations like

Vanuatu would be rendered
For illustration purposes only uninhabitable or disappear
entirely.



The Poorest Populations Are At Risk
Because They Often Live In Disaster-Prone
Places Such As Steep Hillsides, Coasts Or
Low-Lying Floodplains.

Experts predict the hardest hit
populations will likely be in
Africa, Asia, Latin America and
the Small Island Developing
States, an alliance of low-lying
coastal countries around the
world.

It's estimated that nearly
100 million people live in
regions that are below sea
level.

About 30 million
hectares of Bangladesh
will be submerged

Bangladesh
With just a metre's

rise in sea level by o ® 15 to 20 'million

2050... people will be

@ ®
\ ~ ® / affected

. Legends
Higher risk of being submerged

*For illustration purposes only

Lower risk of being submerged

Source: HowStuffWorks, Business Insider & Climate Foresight



WHAT ARE THE IMPACTS OF
RISING SEA LEVELS ON THE
GLOBAL POPULATION?

Anthropogenic Sea Level Rise Is
Predicted To Impact, And In Many Cases,
Displace A Large Proportion Of The
Global Population Via Flooding And
Other Related Hazards.

A large proportion of the global population resides in coastal
regions where sea level rise impacts are expected. Hence, sea level
rise is potentially one of the most costly and permanent
consequences of climate change.

More than 1 billion
people are estimated to
be living at coastal
areas in this century!

Since 2008, 24 million people
have been displaced by
catastrophic weather
disasters each year.

As climate change worsens
storms and droughts, climate
scientists and migration
experts expect the number of
displaced persons torise.

Blizzard Drought

1 Describes changes in nature made by people



Higher sea levels are coinciding with more
dangerous hurricanes and typhoons that move
more slowly and result in higher rainfall.

This contributes to more powerful storm surges that can strip

away everything in their path. One study found that between
1963 and 2012, almost half of all deaths from Atlantic
hurricanes were caused by storm surges.

fa\
z

The prospect of higher coastal water levels threatens basic services
such as Internet access, since much of the underlying communications
infrastructure lies in the path of rising seas.

Source: Nature Briefing, NPR, United Nations & National Geographic



WHAT ARE SOME SOLUTIONS
TO AID ENVIRONMENTAL REFUGEES?

Many coastal cities
are already planning
adaptation measures

to cope with the
long-term impacts of

hlgher sea levels: Building Rebuilding of Planting mangroves
seawalls roads or other vegetation
to absorb water

1. Indonesia

The Great Garuda Seawall

The USS$S40 billion project in
Jakarta aims to protect the city

D

. with an 80-foot high seawall.

' The Great Garuda Seawall is
about 24m tall, which is

14 times taller than an
average Singaporean man!

*For illustration purposes only

Rotterdam, home to the Global
Center on Adaptation, has built
barriers, drainage, and innovative
architectural features such as a
“water square” with temporary ponds
to combat flooding and land loss.

Water Square in Rotterdam



3. Dhaka, Bangladesh

In a recent report, the Dhaka-based (11§l idlJg L]
Centre for Climate Change and Development
(=) proposed the setting up of climate funds in
order to support resettlement practices and
strategies.

|CCD estimates that over the
next 10 years, millions of
Bangladeshis will move from
their homes in low-lying
areas to inland towns.

PDed &P

ICCD is also encouraging and
supporting students from
vulnerable coastal areas to
move inland for studies.

"By providing scholarships, we are
encouraging students to move from
low-lying coastal areas, with the hope
that their parents will follow them to
the climate-resilient towns".

— Saleem Huq, ICCD director

ICCD is making this process
easier for migrants by working
to create “climate-resilient,
migrant-friendly” towns.

A dozen inland towns which are far
away from low-lying coastal areas have
been identified. These towns can

accommodate populations of about
1,500,000 people.

As part of the project, a number of
initiatives aim to prepare the inhabitants
of the identified towns to help migrants
reintegrate in their new environment
and make them feel welcome.

L

—

—

Source: National Geographic & Al Jazeera Media Network



12.5-metre high seawall

After the destruction caused by the 2011 Tohoku earthquake and
tsunami, the coastal city of Rikuzentakata, located in lwate Prefecture,
Japan, built a 12.5m high seawall surrounding the bay and elevated the

city centre, among other initiatives, to make it more resilient against
future flooding.

—

New businesses have sprung up on the elevated areas
as work still continues on certain areas of the city.

Authorities are also introducing counselling and support
programmes to help people affected by past climate crises
and those who may be affected by them in the future.

Rikuzentakata will also provide different levels of disaster
prevention training programmes and development schemes for
students and professionals.




5. United States

In 2019, U.S. Senator Edward Markey

introduced a Bill to recognise
“climate-displaced persons” that
would welcome up to 50,000 people
in an individual fAscal year to resettle
in the United States.

U.S. Senator The Bill aims to establish a Global
Edward Markey Climate Change Resilience Strategy, to
authorise the admission of
climate-displaced persons, and for
other purposes.

Given pending catastrophic climate impacts,
policymakers need to seriously consider planned
relocation. The Pacific Islands have been leading the
way in planning relocation for their citizens.

Vanuatu

PoLICY ON
CLIMATE CHANGE
For example, Vanuatu has created a ) e
comprehensive policy on climate T~
change and disaster-induced ¢~ \\

displacement, which includes
developing safeguards and standard S
operating procedures for planned
relocation.

The plan also outlines the need for
technical expertise and financing. With
this in mind, Fiji's Climate Change
Relocation and Displaced People’s
Trust Fund may be used as a model to
help the community with relocating.
The fund will raise revenue through an
innovative environment and
adaptation levy.

Source: Al Jazeera Media Network & Refugees International



Examples Of Policies That
Are Developed Globally

In 2015, the United task force on
Nations Framework displacement

Convention on Climate To provide technical and policy
advice on the impacts of climate

change on forced displacement
and migration.

+

o o [Hosermac o o P N
AN EEEEE

Image source: Moein Rezaalizade via Unsplash

The task force will be essential in determining how displacement is
factored into losses and damages, including the potential establishment
of a “climate displacement facility”, where compensation for losing
livelihoods or land may be negotiated.

111 -21Global Compact for Safe,

Orderly, and Regular
Migration[IRHE ([ e (L1 L]

agreement of its kind on

migration.

It refers to the need to address
protection gaps for people
displaced by the effects of climate
change.




1 -l Platform on Disaster Displacement (PDD ) II:Xe

follow-up to the Nansen Initiative. The PDD was put

together with a Protection Agenda for people displaced
across borders by disasters. The agenda leverages
existing frameworks and soft laws that states can
voluntarily adopt.

PDD and other entities see
great potential in creating
protection mechanisms
within a regional context.

For example, the Economic
Community of West African States
(ECOWAS) Protocol on Free
Movement allows, in principle, all
ECOWAS citizens the right of
admission in member states but
relies heavily on political
cooperation and goodwill.

*For illustration purposes only

Source: Refugees International

LN state-led, bottom-up consultative process intended to build consensus on the
development of a protection agenda addressing the needs of people displaced across
international borders in the context of disasters and the effects of climate change.



HOW DO RISING SEA LEVELS AFFECT

THE WORLD ECONOMICALLY?

research, the world’s
oceans rose by 14cmin

the last century. PN\

IF we're lucky, this number will
merely double during the course

According to recent T

of this century. If not, an almost By the end of the 21st century,
.tenf?ld increase could be sea levels might increase by
inevitable. more than 1.4m!
Every llcm
of sea level LT
rise L Economic
losses
. double!
R o W e W U == T
W e W W WU i

According to researchers in Germany, economic
losses double for every 1lcm increase in sed levels.

Source: The Guardian

Without further mitigation and
adaptation, and assuming Annual Global Economy-Wide
continued sea levelrise, the Losses by 2100 ($)
projected annual global
economy-wide losses can
amount to more than 4% of the

global gross domestic product
(GDP) by 2100.

With ambitious
mitigation and
adaptation efforts, the
number can be reduced
to less than 0.5%!

With ambitious mitigation and
adaptation efforts, this number
can be reduced to below 0.5% of
the global GDP loss, despite the
associated costs for adaptation
measures and residual impacts.

This confirms the importance and
economic efficiency of adapting
areas for rising sea levels in the
long term.

4% 0.5%



Losses From Sea Level Rise Would Be
Spread Unevenly Across The World

Annual GDP losses across the world due
to sea level rise

*For illustration purposes only

Chinaq, for example could lose up to 12%
of its GDP* each year by 2100 which

amounts to US$1.7 trillion!

*Based on China’'s 2019 GDP.

GDP Loss(%)

4.0-8.0 8.0-10.0 10.0-12.0

Source: The Guardian, ScienceDaily & ScienceNews



WHAT ARE SOME INDUSTRIES
AFFECTED BY RISING SEA LEVELS?

Extreme weather events such as
flooding increase physical risks
for mining operations.

2. Food & Beverage

Food supply and operations
r risk facing interruptions
due to extreme weather
events.

Transportation infrastructure may be
damaged and services may be disrupted
due to flooding. This can create
problems when transporting raw
materials.

Access to land can be

obstructed during floods or
extreme rain conditions.
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The tourism industry in coastal areas is likely to take a hit.

Prime beachfront properties and recreational areas are being
washed away by rising waters.

Flooded beaches are no attraction for tourists, who may decide to
visit less vulnerable areas in the coming years.

Source: Business Adaptation, CNBC & Business Insider



5. Real Estate [ Building
Design & Construction

Sea level rise will cause |‘|-

financial risks. ‘“;lr‘"

Housing developers will choose to avoid
flood-prone areas, causing the value of I
housing in these areas to fluctuate.

Apart from properties, roads, bridges, power plants, public
buildings and military bases, other critical infrastructure
along the coast also face the risk of chronic flooding.

Power plants Airports Ports Military bases
O The costs associated with O Unlike the properties in previous
chronic flooding of our coastal real estate market crashes, these
built environment—both properties are unlikely to recover
property and infrastructure—are their value and will only go
likely to be staggering. further underwater with time.

Infrastructure (e.g
drainage) may be affected
by extreme weather events.
Design standards may need

to be redefined or upgraded

in response to the changing stormwater systems are not

climate. designed well enough to handle
extreme weather conditions.

Many urban drainage and




6. Potential Financial Crisis

The impacts of climate change on the financial
industry are yet to be determined, but Wall Street may
find itself literally under water in the coming years.

For the Anancial services industry, prolonged shutdowns
could lead to large losses. In the aftermath of 2012's Hurricane
Sandy, Lower Manhattan was generally flooded. This resulted
in losses amounting to USS7 billion when the New York Stock
Exchange was forced to close for two days.

Though Wall Street—one of the oldest
streets in the city—was built mostly on
old elevated land, the geography of

Lower Manhattan may change
drastically in the coming years.

Source: Union of Concerned Scientists, Business Adaptation & CNBC



HOW ARE BUSINESSES ADAPTING
TO RISING SEA LEVELS?

Solutions Implemented For
Different Business Sectors

@ Insurance companies are
actively taking steps to develop
/ strategies to manage the risks
associated with climate change.
|

I O Travelers Insurance, an American insurance company, is
working to develop more accurate risk assessment tools to
better offer insurance rates to businesses based on =
exposure to effects of climate change. wr &

Here are two examples of insurance companies:

I O Munich Re, a multinational insurance company, has formed a
global business unit that offers financial instruments that
I reduce the risk of weather or natural disaster-related losses.

=

-
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@ Investing in updated @ Ramping up investments in
flood risk maps that flood mitigation measures prior

reflect the latest to dIS:C.ISteI‘S, with resources
: specifically targeted for
science. ) o
disadvantaged communities.

@ Increasing funding for
voluntary home
buyout programmes.




The key is to use the time we have
to respond wisely and take
transformative actions needed to
confront these profound problems!

Joining the global @ Investing in bold,
community in making cuts transformative policies
in emissions in line with the to help protect people
long-term temperature who have fewer
goals of the Paris Climate resources over the long
Agreement. term and foster new

opportunities on safer

ground for those who
need to relocate.

If land-based ice loss is limited, we can '
limit the magnitude and pace of sea level !
rise, especially in the latter half of the |
century. Hence, we can limit the scale of
harm to people and the economic losses. |,

GUIDELINES

v
v
v
v
v

@ Setting robust uniform
standards and guidelines for

(5) Implementing a
flood-ready standard
for central government
investments.

flood risk disclosure including
for real estate transactions.

Source: Business Adaptation & Uni<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>