Studio Tsuto Sakamoto

AY20/21 Semester 1 Options Design Studio



Sea Level Rise

in East Coast

Foreword: Singapore Under Sea-Level Rising

The task is to make kin in lines gp inventive connection as a practice (yr Ieaming to live and die well with
each other in a thick present. Our task is to make trouble, to stir up potent response to devastating events,
as well as to settle troubled waters and rebuild quiet places.

-Donna ]. Haraway

Issue and Approach

Singapore, a low-lying island state located near the equator, is vulnerable to climate change.
Recently, it has experienced unprecedented torrential rains and prolonged dry spells.
Possibly the most impactful is the sea-level rising that threatens the state land significantly.
Although its process is extremely gradual and would not create a dramatic sea water
inundation immediately, for the low-lying state, it would be a great concern as its assets —

buildings and urban infrastructures are threatened.

The temporal and physiographical nature of this climate change in Singapore: the graduality
that gives an impression an immediate response is not required and the low-lying landscape
that develops a fear of the life-threatening impact, create a unique situation for its climate
change defences. As Prime Minister, Lee Hsien Loong, mentioned in National Day Rally on
18 August 2019, the state should take the sea-level rising ‘with utmost seriousness’ for ‘over
many years and several generations’, and it will cost an estimate of $100 billion or more over

100 years to protect the country against rising sea-levels.

The studio explored a potential urban and architectural design that respond to the sea-level
rising and water related disaster mentioned above. Considering the nature of issue, the
studio set a ‘long-term transformational masterplan” as an overall approach. Along with
future techno-social transformations: popularization of driverless cars, and burial of express
ways, decentralization of workspace depending on network, rising e-commerce and delivery
system using drones, the existing landform was gradually modified to accommodate and live

with the disasters, yet avoiding devastating impacts.

As Donna Haraway suggested in the quotation above, the studio trusted that our future lies
in how we make and settle manageable size of troubles, live with them and learn from them,

instead of in a heroic structure that assumes that it solves the problem once for all.

Overall masterplan

Taking up the East Coast area in Singapore as a project site, the studio pursued urban and
architectural design to prepare for the possible water disasters from around 2050 through
2100.



Consisted of a reclaimed shore that facilitates the East Coast Park, and a high-rise public and
private housings, and the original inland with low-rise residential and commercial buildings,
the area emphasizes its distinctive atmosphere. Furthermore, numbers of shophouses as
cultural heritage add historical flavour to the atmosphere. However, the area is extremely

susceptible to the sea-level rising as its altitude above sea level is the lowest in Singapore.

The studio proposed the ‘long-term transformational masterplan’ by providing an effective
drainage system: widening existing canals and adding new canals to respond to the increasing
precipitation under torrential rain. Such canals are provided with a series of retaining ponds
to adjust the flow. The long-term transformation of the land is closely related to a systematic
construction plan for the canals and retaining ponds: the excavated soils for the water

system are piled to the adjacent sites to increase the altitude of the lands. The construction is

planned to be conducted iocaiiy one by one to maintain the overall function of the area.

Based on the principle mentioned above, the existing urban grid will be gradually replaced

by the archipelago typology due to the increase of the water surface. By the time, the project
expected that the vehicular circulation and MRT would be buried, while pedestrian and light
vehicular circulations are provided on the series of islands and connected by bridges. Human

and material transportations are also supported by boats circulating on the canals.

Architectural Explorations
Architectural proposals not only extend the system provided by the overall masterplan,
but also scrutinizes how people will conduct their life, develop their sensibility, respond to

contingencies demanded by the surrounding nature.

The “transformational plan” demands a series of environmental change for people. A
familiar neighbourhood, community and scenery will constantly change. Under such
circumstances, NgYun Hui, Sharyl’s project attempts to reclaim a solidarity of people by
proposing a ‘communal storage,” while Choon Wong Yen, Gabriel’s project turn a process
of rehabilitation from destructive disasters to a series of communal events by articulating

material conditions that the community experiences.

A life with water will be essential for the people who live in the environment. Tan Hong Xi,
Clarence’s project envisages a life on a marshland where people’s daily tasks are scheduled
based on the nature — fishing and harvesting in daytime and office works and conferences are
conducted in the evening. Sharmaine Lee Pui Fong’s project attempt to enhances people’s
sensibility towards natural phenomena by providing data centres sunken in the water. A hum
emitted from the servers blended with wave and the flickering light with fireflies, create

alternative phenomena.
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A self-sustenance is one of the agenda for the people to survive. Hansel Lim You An’s project
proposes a complex of a piggery, abattoir and market taking advantage of the natural setting
at a shore area, a part of the current East Coast Park. Tan Se Yong’s project, taking advantage
of sea water and exploiting desalination technology and capillary action, proposes a vertical
vegetable farm and salt farm on the land. Both projects not only provide foods for survival
but also integrate water, animals, plants and minerals by using full resource in the situation

given.

A community’s response to the contingence is inevitable for the survival. Ethan Mok Shao
Wei’s project engages with a moment of failure of electricity. Taking a transportation

hub —a circulation centre for delivery, as a site, the project designs a perfectly automated
logistic system that immediately turns to manually operated system when electricity is not
available. Vernice Yu Hui Qing’s project provides an area of refugees in case of a flooding,
Accommodating considerable number of refugees in shophouses under conservation, and
maintaining hygienic conditions, the project allows a systematic operation for further

procedures.

A conservation of heritage is one of the major issues to be considered. In the East Coast area,
how to protect the existing shophouses designated for conservation will be a particular issue.
Yaw JiaYing, Elisabeth’s project protects the buildings with gabion dykes filled with debris
of dismantled buildings under transformational plan, while providing additional structures
using the same material, expecting the whole complex will turned to be a container of

memory of the past.

Tsuto Sakamoto (Associate Professor NUS)
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Katong Shopping Centre used 1o be o beachfront
mall; commonly referred 1o as the *Chinatown of
the East® due to its high human waffic, This was
before the Eaa Coast land  reclamagon  and
construction of Parkway Farade which blecked the
mall’s jconic seaview and diluted its business.

The first aivconditioned shopping mall in Singapore,

wis then wellknown for a concentrated number of
texiile shops in s early davs. I owas also once a
populas food hotspot. However, the crowds died
down over the years as prople began visiting newer
malls {Padkway Parade, 112 Katong, Kawong Y, etel)
instend,

'I'u:l:l:(. Nm;mg .‘\'im[lping Clentre ennsivs of m:lml:.'

maid agencies and services such photocopying,

tziloing and beauty & wellness shops. Most of the
shops in Katong Shopping Centre are up lor rent
and it is evident that Katong Shopping Centre no

SHOPPING CENTRES

SHOPHOUSES

1l

Legemnd

Afjar Land Reclamatine

longer attracts the masses like it used to

EatongJoo Chim has jis beginnings in the eagly 19ith
Century where cocs !ﬂxnt:l.li:mL ﬁtmtr]ling fram
Geylang  River o Siglap Road  and  hamble
attagroofed  kampung  (villages)  dotied  the
landscape, Up 1o the PSsabe ares was an idyllic
seashde retreat for the wealthy

In the 10k and 1930, many communities moved
eastward out of the city centre to make KatongJoo
Chiat their homee. This mesulled in bungalows,
shophouses and places of worship being buil, a
reflection of the multicultural and varicd KatongJoo
Chiat community,

Toduy, over BN buildings were conserved. Some
shophouses were converted  Into offices, hotels,
e, reataurants and eateries that stll preserve
the rich heritage of the arca.

MIXED-USE DEVELOPMENT

The Millenmial genermtion s often  booking fos
greater Hexibility in their lifestyle and striking a
balance between work and play; thesefore, they
ofien have o higher demand for heter amenities
neas both where they work and live, Our society is
also exerting pressure to drive for 8 more liveable,
green and friepdly emvironmen:. Thus, mixed-use
developments are the solution to the demand for
millennials and the society and government's drive
for & betver enviroanment,

Marine Parade B well served by commercial
facilitics. To cater to greater demands of residents,
shopping malls were established to offer more redail
and lifestyle optone. A plethora o educational
insgituriomne, sech as H:Lig Ciirls School, Dunman
High School, Tanjong Kateng Gisk' School and
Canadian International School are located within
the toncemsily attracting mmilies who reside in the
numerous privide housing and HDB fats around the
aren. Residenen also can (‘Jlll!.' access East Coast
Park for an enjovable weekond.

SEASIDE RETREATS

Hefore reclunation in Marine  Parade, Tanjong

Katong fronted the sea. Wealthy Siraits Chinese,

Euwropeans and Jews buill mansions, hotels - and
receeation clubs  along the beach for woekend
eetreats, The area became known as a health resort
and wias peppered with residences.

-

Befare land reclamation extended the reach of Marine Parade the arca was originally pae of Katong and 4 promenade, Povate houses dotted the beachfrontwhile the public arcis were

pogpular with swinimers and picnickers whe patronized e hawker food salls teere, Beligious organisations. also eld a range of recreational and socieal activities in the area such as

RESIDENTIAL

In Juby 1971, many of the new seafront lands —
deseribed as “mngnificontly siiod™- were 2oned Tog
recreational  and  low  density  residential
development. The phin was to "give Singapore a
new skyline from the sea”. By the end of 1973, the
Housing Development Bowrd (HIYB) bad completed
e fiest phitse of the estate development. The flas
were of the 2345 room varieties and market, shops
and offices were alu construcied.

Today, East Coast f¢ home to many a landed
|'|m|wr|1_.-..'|1'ui while there are !ﬂl"l‘ll::- aof ypes bo
choose from, the distinctive Peranakan shophouses
and terrace houses that have been restored w theis
fermer glory are the jewels of the neighbourhood.,
That said, the neighbourhood has s share of
modern designs, especially in the vicinity of |oo
Chiat.

For those who prefer spanment living, there are
plenty of condominium developments in East Coast
thas will suit a vacety of lifestyles and budgets. The
comdominiums run the gamut from the older (and
oftentimes more spacious) developments such as
Bayshore Park and Mandarin Gardens nearer to
Siglap all the winy to the newer and shinler (vet more
spacie-constrained) offerings around Telok Kurau
and Amber Road,

RECREATIONAL

Saarted i 14076, Big Splash was Singipore’s ane and
valy seawater aguatic complex that boaasted seven
storey high water slides and swimming pooks. Theee
was a wide array of F&EB optons where visitors
replenished  their  energy  after  thrilling - water
nctivities

Today, the park offers a varioty of recreational,
dhiming and sporting activities to cater s the dillerent
needs ol visitors.

Durng weekends and public holidays, the park is
filled with people from differest walks of life,
ranging from yvoung families 1o the elderly and
tosrists, The different facilities for eveling, jogsing,
barbequing, dining and other recreational activities
cater to an eclectic mange of tases.

Development of the Urbanscapes
how it affects the lifes of people

open-air chuteh servdoes and meetings of Buddhia grovpa. By the 1980, Marine Parpde was regarded as one of the most desirable places o live due o ils seaflront, recrentional and
commercial feilites and ambiance,
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“During rainy seasons, it's hard work kecping the pigs from “I"s harel carrying the heavy buckeis of water “My begs aee in the water, not my head,™
dirowning in the rising flood waters.™ hame rom the willage water pump.”

Strpapere Press Holdings Lid, 1973

“House was flonded ta knee-hesght but this did not dampen the spiciis of this =Strecis were looded with eaiw swager. ii's e for some fin!™ o sl need my colfee even if there ix 2 Mood™
household who cheerfully helped to prepare foad for Hart Rava Puasa”

Floods may oceur very frequently in the past, but thit does not stop the people from conducting their daily roatines
in Jife. Alilough it had sinee cawsed much moonveniences for the adults, the childoeos bowever, ok advantage of

the situation and had fun Floods bring Misery and Jov
Mot to Scale
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Flooding of the Nile (Walan E1N) in Egypt Hapl {Nile God)

T R ———

“Lard of the Fish and Birds
of the Marshes” and "Lord
af  the  River Bringing
Vepriation™

he  was  worshipped  as
inundation began b

mnking  sscrfices amd the
singing of hymns

Celebrating the Nile Egypt's Three [pie: brondi iceboergs)

Flood, wiping Isis tears Prredictahle Seasons -
- Sky Gates Video & Lesson
s ik Gk et e e it Transcript | Study.com

& wvesype

Facts about ancient
Egypt culture, flooding
of the Nile - Egypt

Guide welcomed summer
with this fabulous

Egypt cubture, and now we are going festival

Egypt's pharachs

Flooding meant celebration, and also a change in work life/pace

Ve have 3 fot of facts about andient Akhat - Peret - Shemmnu

t0 discuss Fiooding of the Nile and M) X M Boncell, By ) Every vear ancient Egvptians cagerly anticipated the coming of Akhet, the
'}:Ie river picnics. The ancient S L o Nowoding season. Meaning “inundation,” Akhet was the all-imponant time when the
SREAn Was.. tram Karmah ot Luwe Nile's floodwaters replenished the land and restored Egypt’s fortility.

The River Mile wasn't only a source of great mythology. It was a significant scientific site, by which ancient Egyptians created their Calendar. The
riging of the Sirius star towards the East was the sign of the Nile Flood, namely on August 15" of the modern calendar, and the flood was in tum
the beginning of the few ancient Egyptian Year

The ancient Egyptian year s divided into three seasons: flooding, planting and harvesting, each taking four manths, Due to the importance of the

Mile ficod, ancient Egyptians created two Nile-meters to measure water levels in Aswan.

Accarding o andent mythology, the Nile flocd is none other than the lears of 1sis, who was mourning the death of her beloved husband Osiris,
whillst trying to put tegether his body parts that were shredded o pieces by his evil brother Sath.

This date also commemarated the marriage of the ancient Egyptian Gods: Amoun [creator deity, often affillated with the sun), Mut (mother
goddess) and their son Khonso {moon god)

Om this occasion, Egyptians have never thrown & human sacrifice into the Nile (often referred to as the 'bride of the Mile"), On the conlrary, they
would send wooden daolls of Amoun, Mout and Khonso, as well as the current Pharach, and let them sail to Kamak against the tide 5o they would
reach the source of the Nile [the origin of the ficod) as a gesture of gratitude, respect and hope for the sustenance of prosperity.

Today, and as their great ancestors did, Egyplians still celebrate the Nile Flood day, as they prepare boats designed in Pharonic styke, sailing on
the river waters, with flowers, joyful chants and dances, colorful costumes, thanking their great river for his loyalty, and promising the same in
great love.

Future of Flooding
Not To Scale
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Flasnd Belicl Registrution - Familine lnconvenience

Positive

Anything thad could oot would do and for
this boy a glant pot was Lhe answer
[Sowree N, Marior, Monday December 4
19978, pg 1}

Positive and Negative Social Connotations of Flooding

Naot To Scale
Recent Past - Present
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How is Sea-Level Measured?

NASA's Jason-3 satellite carries an instrument called o eadar alimeter, 1t uses radio waves instead of @ ruber to meassure distances

Here's how it works, Jason-d bounces radio waves off the ocean suface. The satellite then times how long it takes for these signals 1o petim. Scientists can use this

measurement to caleulate the distance h-l:lwrl'll the satellite and the acean surface in thai |:-'.u'IJru|ur focation.

By subtracting the first distance ([Between the satellite and ocenn surface] from the second distance (betweon the satellie and Earth's conter), we can caleulate the distance
from the ocean surface 1o Earth's conter. The satellite nlmlan:l} Fps OVer W parinns of the p].'u:]-e-t. In abeset 0¥ :la:rs. I e asures ooesn hﬁgh! over the entire Earth.

Fiawding an average of all those measurements ghves an average sea level for the whobe planes.

Contributors to Global Sea Level Rise

4 global sea lewel
[Tecm satellite)

centimeters

added water » thermal expansion

added water

imostly meltwater)

thermal expansion

2005 o H5 2020
yeur

Estimating Singapore’s Sea Level Rise

Possible future sea levels for different greenhouse gas pathways
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Sea Level Rise
Not To Scale

Sea Level rse occurs when seawater volumes expand
due to increase sea surface femperigure,

|

Other contibutors are the melting of the world's
glaciers, climate change and global warming Other
factors such s ocean dynamics, local land motion and
gravitatienul changes do affect sea level rise,

|

If all of Greentand s melied, towill contribute G w sea
lewel rise whereas Tor Antarctica, it will be f0m; The sea
level mear the equator/ Southern hemiphere would
increase. This is called the displacement of mass. Henee
sea level rise is a sedows issue which requires collective
planning and mplenentation between countrics, Sea
level rize i not uniform and vares regionally and @
differnet tme scales. On average, te 20th century global
sea bevel has been rising ot o rate of 12mm o 13mm per
yeur

Singapore is partcularly impacted by rising sea levels
dur 1o the gravitational-mtraction impact exerted by
melting ice sheets. This refers to the effect of higher sen
lewel rise in areas that are located further away from lce
sheenn due w the reduced gravitational attraction on
ocean waters that are in closest proccimity to the meltiog
Iee sheet

Betweon 19903 andd 2009, the rate of increase of the nwean
sea level around Singapore was almost 2 times higher
than the global sea level (up to 4.6 millimetres per year
around Singapore as compared to 28 millimetres per
vear globally for the same period).

Rescarch and Analysis
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Estimating Singapore’s Sea Level Rise (cont.)

Seu level dn Singapore is measured using tide gnugessatellite and buoys,
Since 1995, the beginning of high precision satellite-based records, the

global average sea level has rsen at a rate of aboawt 3. 24mm per vear and

has researched the highest level of aboat 90mm in 2008, The impact of =
Greenland and Antarctic ice sheets on sea level vise will be fely 3565 maore 5 .
near the equutor than anywhere cbse due to the wenkening of ;

It is very tough 1o estimate) speculate the vear in which the sea level will

rise 1o due to the factor of thermal expansion and global warming -0
However, we are able to estimate the lmpact areas of sea level pse based
op the height of the sen and the clevation of our lund o help us prepare
for the vulnerable arcas of Singapore. =)

gravitational pull at the peles arising from ice sheet molt, o u u ]]l l] ml

Adapied from: Thalich, Pavel & Vethamony, I & Quang Heng, Lou & Babui, Masdavana, (03], Sea leve] trend
aiwl variability in the Singapare Simis. Ooean Scienae. B SEHENL 105180 s 220300013

Fig. 1. (a) Stedy area. (b) The Smgapore Strait and its vicimity (bathymetric contours are at 20, 40 and 100 m depths). Black svmbols denote
the locations of 4 tide gauges, namely Tanjong Pagar, Raffles Lighthouse, Sultan Shoal and Sembawang

¥ Tpp— (n-n} Sem level an tide ganges in Singapore

T T T Stalt (the vero relevence bevel oadjusted 1o
the beginning ol the regression lne): blae
dot-lime identify snmial sea lovel i the Gde
ganges, with linear trend for the observatzon
period identified by swolid black Enes: open
blae cirdes imlicate resiored] missing datac
comelation of sea level and Multivarace
EXS0) Index (MEI) 4s shown foa each dde
recond: vl doiline  idemify  sabeilive
ablmetry for the 535 regiom (AVISCY). (i)
Comparison of anomalies of svernge anmoal
55 sea level (detmended. bloe line) wilh
wearlv-averaged MED {green Ghine]. Periods of
wa level maxima due w mokdecsdal
varishillity and La Wi ma epbode ane
ndicated by wmbals MY and “LN
respectively,

(BN ETE

Lmdrn)

x _ - 3 ——r - ' —

Sea Level Rise
Not To Scale
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How much of Singapore’s Land will be Affected over the next 100 years?

Johar Bahru

-

Singapore

Global Mean Sea Level= 0

Vairables to be consider: Representative Concentration Pathways (RCPs), Estimated Increase Rainfall, Tides

Tide Tables

How is Carbon Emissions Calculated?
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Sea Level Rise
Not To Scale
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Evolving of Singapore’s Coastal Land with sea level rise and rainfall

Johar Bahru
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Sea Level Rise
Not To Scale
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Evolving of Singapore’s Coastal Land with sea level rise and rainfall

Jukar Bahru

Singupore
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Johar Bahru

Singapore
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95%- MHWS THRATRFALL= 3.98.

Sea Level Rise
Not To Scale
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Evolving of Singapore’s Coastal Land with sea level rise and rainfall
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Mensoens

In Summer, the land iz hot wlhereas the water i3 cold. Hence the cold amd wei man monsoons

aie ruslies bnro plie lanal, ervating o breere, Whereas in Winter, the Lol s eolid Wereinon i e 90 i Mol i of wand deer 00 caaid by Senpie sio dforera e butae

the Lkt el g, Thas st 2 e R i flrp i PRVEESEY
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Increased Rainfall

Mot to scale
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Increasing Temperatures

Lomg records of abservation weathier st

LS
show npirends in extreme emperature (5-10%

nfall

reasc/decrease) and ¢

i O Sdeeade), 45

40 = = Northwest — Northeast I‘
However, trends for temperiatinre are masked Dy - = = Sauthwest — Sputheast
= Southeast

vear - abo - year variability due to

dravers, such as EI N

These temperature changes are die o

Livger-scale GHG emissions and the Tocal “heat

% of warm days
(> 90™percentile)
2

island”™ effect directly resalting [rom

Singapore’s urbanisation. Replacing Singapore's 10

natural foresis and mangroves with buildings

andd other infrastrucoure vesults in bualt-ip 3

surlpces petaining oy praducing considesable o

anvoaniels o hear, 1972 1977 1982 1387 1992 1997 2002 o7

RAINFALL ANOMALY 1 - 15 JUNE 2020

- Rainfall Anomaly (%)
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I snemaly map shows Singapore experiences wetter weather dn

14 the Southwest munsoon

Cenerally, the region is expected to be warmer with stronger warming over lamld Singapore will expericnce more davs with heavy
ons predicted in difFerent parts of the region. In Singapore’s region, the wet

season will ger werter and the dry season will ger drier,

rainfall. However there are drier and wetter conei

Unlike the temperature, Singapore's sverage total annual o all al bt 2o4m h

o 1564,

s not changed substanrally i the long-term
veeruril s

In future, climate change is not expected to alter total annnal raintall for Singapore. However, in the medinm term of the nexr 30

iall patterns, both in the exeess and Lick thereof, will be an issne.

VT E, l'll.'I.IIgL'S LLERS ¥

Fivst, tntensitics and Drequencies of Tocal vainlCall events have sigoilicantly iocreased over the past 30 vears, Secomd, periods of

meteorolog

and  Johor,

cul drought, in which monthily vainlall is copsistently below average, have recently been more intense Tor Singapare

Increased Rainfall

Not tooscale
Wetter wers and dner dres
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Increased Rainfall

Timeline of monsoon periods in Singapore

Scenarios
Inereased Rainfall
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“Dredging” (Sediment Removal Process)

|. Disiurbing of underwater sedimenss which would affect Bora and
fmuna. Evenialiv, chemicaks and haciera thai is scrumailaied n
wollmeenin vl react and affent the surface of waler.

L Palmnnis that are discharged affeei the Bdhery rescarces and manme

FRVEOTENCTIL

A Humnan heslth will bee i damger when the contuminans of waler is
enimed.

Traditional Process

Sediment Spill

L. Bclease of sediments b the environmieni during i!upl.nn| of drediged material, The material
relessed becmmnes resuspenided and will be irmsponed by the cumened
[orver sechimendacion’ sedimewtation wpill)

waber bed {Mulky water)

I Fewili i environments smpact:

shading of sea graass, coral recl

additional rebease of nmniems and risk of algal booms
reteced water quality

ety of disporerd sediment mio harbour baskychanneds

& Sechinveri released are viuble s plumes'coucl of sediment 0 the water colismy’ closs b the

o g
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Conventional Land Reclamation
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r hands on sand often resulls in irevocable repercussions, some waorst than others
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Locally Sourced Fill Materials
Flattening of Singapore’s hills (Case Study: East Coast)

S PR L U O S—

Regarded o = The Geeal Redamation”, the East Coas reclamabon project i
Singupore’s burgest recamstion project. This brought many comtrovecies a mam
themght this develnpmen of such scabe s impossibbe 10 be buile nsng only kcaled
sourced materiak. A pilol project was set 0wl for Bedok's and Tampines” hills to bo
the somanges of Al maiciiab. Bots sieas becmme o o bl aiver dee hills, weie oul o
the earth mang bucket whee excavaioms belore beang mansponted b a comeyor bell
i b e B the avvas marked for peclamation. The reclemation of Ess Cosst
not only expanded in land ben also added 5 new body of waier wishin Singapore,
Bedok Resesvair. Acenrding io governsenl reconds, Faal Coast Park. was @ gl for
the peagie. However, & few mgue XS scadeenios sute it dhe land peclasiation
wchigue thal wis implesnented s e aeca wus fmperieos; U developaents sere badi
o i, the gound would huve mmed io meals, Ovenime, e of the Breakwaters
whaels was dhought eroded was somaslly a nanwal eoass] Brmation ra the il
reclamation of Ess Const Poask hode’s peopeddy modelled the brach sgaiess the Oows
af the tede, s e Uile pliked] g e slscks sl foemsed e beach ;-.qu-l,.

Mupenn Parade wox ke Tirg HITHR that was compledchy bmili on seclamedd Leid
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Dredging ar the Straits of Singapore
Nipah Case Stady (Dvedging within Singapore Waters)
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Locally Sourced Fill Materials
Not To Scale
Gietting our hands on sand often resules in rrevocable repercussions, some worst than others
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Case Study: Labrodor Park

Trade Ban & Territory

i H ‘) | | O e
Trade Bans in Effect (2010) Environmental Impacts of Land Reclamation
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Loss of coastal ecosystems
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Project Case Study: Palan Tekong

Agencies Involved: HDB, Surbana Jureng, Royal Haskoning DHY

Singapose adopted the Dutch concepd as a new msethod lor
Pulan Tekong, It s 2 costsaving method which invelves
creating @ o recladmed bind oo the sea 'h:. Sewwall
comstructing dike and a network of dralns, wiater pamping
syatermes and canads. A polder is a tract of low land, below
low tide level. It is prosected from the sea by a dike. The
polder  development has o comprehensive  water
manugement syslem, comprisng & network of drains, o
widter bardy and 2 pumping svstern The drdns will channel
the dainwater to the water hody Tor siorage. The central
pumping station will circulave water in Uw drains o ensure
gooed water quality, In order 2 keep the land dry, the
1Ir..|iz|:zgc~ lnunpdug stabion will T the exces minwaber
1o the sea when the waterbody is full. The dike mwasuring
10km long, up o L5m wide and will stand omabove sea
el

Seawall Infill

Conventional Land Reclamation (Existing)

The first tests using barge elay lumps as 8l materind started in 200 ot Palay
Tekong. Because of the strable voids between the Jarge lumps, the upper
part of the Bl still peeds to be made of sand, Addiional samd is then pibed
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miterialy s needed
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Land Reclamation by Polder (New Phrase)

Unlike the conventional method of infilling with sand, it reduces the amoums
of sand needed for land reclanemtion

e involved agencies will cany owl an environmental stedy 10 evaluate
potendial impacts of the reclamatkn method on the sumounding martne
erpvirommend and the siudy was Found mingmal

Artist Impression of Palau Tekong

Project Case Study: Pasir Panjang Por
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Polder Land Reclamation Concept
Not To 3cale
Singapore attempts to experiment and learn hands on through

their first venture into the polder process on
tekong tsland. this will serve as the very first test bed
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Caissons (Seawall Construction)
Not To Scale
Singapore using the concept of Caissons in the seawall in
hopes of acheiving its full efficiency for the

Research and Amalysi
next development- tuas port st und Autilysls

Category: Techonology

Options Kesearch Studio AY 2021 Semester |
Studio Tsute Sakamota



Metherlands Dike Typology

Sea Dikes

Syatems of dikes that protect against coastal tide-level rise. Stones

be wsed as wave-breakers, and aslphalt can be us

revelment.

Ofen there can be multiple lines of dike defense. Secondary dikes Dike System

are known as Slecper and Oreamer dikes, Guardian—Sleeper—Dreamer

This strategy could he
Singapore, as a way 1o

Polder Dikes

Polder dikes are effectively land reclamation, with a lesser need
for imported sand. Dikes
a body of seawater near land, and the sea water is pumped our,
The result is a reclaimed section of land that is below tide-level,

formed around the circumference of

This is convered in greater detail in our study of land reclamation.

Canal Dikes

Canal Dikes flank the sides of canals, ensuring that they do nom
overflow in wer seasons, Artificial flood defense strategies are also
implemented  along  these dikes, and they can be used as
recreational spots for the pulilic,

These could he helptul for our own canals and resevoir systems.

Dikes and Dams: The Netherlands
Scale NTS (A5

Dvpology
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MNetherlands Dike and Dam Case Studies

Maeslantkering

A storm surge barrier in South Holland for Nieuwe Waterweg
canal. [t cons

s of two 210m long barriers, which pivot to close
the channel, with the width of 360m. One of the largest moving
man-made siructures,

The large barrier doors arve hollow, and are alile w be Glled with
water 1o help them w sink and anchor. The curvature of the doors

allow water presure from the overflowing side to work with
closing” action of the doors,

For Singapore’s context, not much aplicability apart from the
I

Iz May be less effective for the open
specialised engineering is needed to construct this.

ast coast, Also, very

May necd o analyse singapore’s meteorological and coastal
Conlext, nlll'ill!._[ atorms, where does the bulk of the r|1||:||:|i|'|g
water come from? Is it the sea or the drains or somewhere else?
Can the storm surge strategy be implemented there?

Houtribdijk

Houribdijk 1= a dam road that connects the cities of Lelyvstad and
FEnkhuizen. It separates lakes jesselmeer and markermeer with s
30km  length of 68m  width. From 2009 w oad 2020,
reinforcements were completed, strengthening the dam with with
sand and stone,

Long slender proflile allows a wide protection of an area from
rising tides of a water body, However, this dam is in the context of
a lake with Nanking bodies of land, so may need 1o be adapted 1o
address the open east coast. Use of sand at the coast may give rise

toopportunities for hums

recreation or biodiversity.

Dikes and Dams: The Netherlands

Scale NTS (Ad)
Case Studies
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MNetherlands Dike and Dam Case Studies

[Jmuiden

Along the North Sea channel ar [fmuiden, there is a seawall with
unusual breakwaters, The breakwaters are outfined with grooves

and geometric shapes, The experiment was investigation in

‘ero-concrete’, where grooves and  geometric shapes  could
potentially provide the setting for coastal flora and fauna w grow.

The experiment proved suceessful, Though the grooves did not affeer growth of surface-growing algae, they contributed greatly 1o the

occurance of blue mussls and small periwinkles, as compared w the smoother surfaced breakwarers, Such biodiversity has positive
impacts for the water and the coastline. Organisms can clean the water by removing notrients from the sea, reducing free-floating algae.

The propagation of biodiversity may also create biological havens for flora and Gaouna in the midst of a bustling civy, and provide unigue

leisure and tourism opportunities. Such interventions can also be used in conjuction with “sponge” and "ABC Warer” interventions as
outlined in our other research,

After the experiment, new breakwaters were added which buile on the original idea

of using geometry and grooves o facilitate the growth of hiodiversity,

Perhaps breakwaters per se may not be entively applicable 1o Singapore, since our
= Will that change in the coming decades? Even if not, the use

I in inglrastructure to

waves are rather ta

of grooves and the general idea of wsing geometry det
F

litate biodiversity may he applicable along the east coast.

Elevating Above Tides - Case Study: NYC's Governor's Island

The Hills

The Hills, developed v West 80 Nearly $00 acres of Lland tha
became a series of hills. The topography was con
debris of old site, covercd with jute mesh in what was called a

wcted from

"erosion contral mat”. These hills formed a natoral barrier from
i 13 feet [(3.65m) above the
current tde level. In addition, large amounts of Mora were

the =ea, being lifted, on average, ab

"overplanted”, and were designed w be resilient, even against
storms. Rocky sea walls and concrete seat edges an the
hills were also used to break up and oncoming waves and floods,

wse of the

Before Afiver

T+ 17 peojacind 100 e B! i 1100
1L =8 Sabors varage smaalion of g

W o s A e

R

2F T SEA LEVEL FISE BY THE YEAR 2100 (8% COMADENCGE
PROVECTED FEMA W00 YH FLOOD
ELEW 120 {DATUSA NOVD 18

With  regard w0 Singapore’s
context, such an imervention can
only be executed for large-scale
redevelopment of new areas, It is
difficult o  implement  this in
wrban  districts with  existing
residents and commerce, such as
the East Coast amd  RKatong
neighbourboods,

However,  if  implemented, it
should  he  wvery  effective  in
weathering storms and rising tdes,
Singapore  already  has such a
strategy with Tnew [RTITI

reclamation:  all  future anl
reclamation projects are to be 5m
above sealevel,
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Elevating: NYC's Governor’s Isla
Scale NTS (A3)
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Drainage: Singapore’s PUB

The Public Utilities Board (PUB) in Singapore is gearing up to
tackle the challenges of chimate change, from more intense storms
o rising sea levels, 35000 milion has been slated for improvements
to drainage infrastructure, and a new svstem of conceptualising

drainage has been incepted, A subsidiary Coastal Protection

Agency has been lavened az owell, w delve into possible
interventions to address the rising sea level,

Pathway
[ ——
Ikbirnghs mia b 1 v et

i coreerved

—
allls.
.

Active, Beautiful, and Clean Waters (ABC)

Thinking about drainage svstems in wrms of source, pathway,
and receptor is very closely linked o Active, Beawtiful, and Clean
Winters (ABC Winers), an initiative by PUB. We also cover this in
our research on spange architecinre. To restate the point, using
and receptor
‘sponging” heavy rainfall and runoft, allowing the

greenery and flora at each stage of source, pathway

Wy ss
entire drainage svstem 1o hetter cope,

kit will fiow IS GuF feRSE

g 25 ADC Wt rarsigretn 00 Eigy

{ I TEEER"
. et

..W

Fig 28 Vs bis. i b canain f b ABC INJONT, ManSQRTENT STENGY S SO Samhrs-wds

Source, Pathway, Receptor

Source: Interventions 1o slow down runolT into drainage svstems:
ez detention tanks, rain gardens bioretention swales,

Pathway: Drains and canals.  Interventions  involve  mainly
InCreasing its capacity.

Recepror: Such imterventions involve the affected infrastructure
themselves, e minimum  platform and  erest levels, (ood
barriers.

hipane DTy o] AR AT L TRANR) MR,
o ol mier. il LR P afwrfrTen)

What is Sponge Architecture?

The Sponge City indicates a particular type of city that does not act like an
impermeable system not allowing any water to filter through the ground,
but, more like a sponge, actually absorbs the rain water, which is then
naturally filtered by the soil and allowed to reach into the urban aquifers.
This allows for the extraction of water from the ground through urban or
peri-urban wells. This water can be easily treated and used for the city
water supply.

Why is there a need?

Traditionally rainfall is siphoned through the ground into underground
bodies of water however, as nations began to modernise, softscape was
gradually replaced by hardscapes. This change, together with concrete
drains have made storm water drainage harder to get rid off.

This has caused huge floods to occur within the cities, resulting in
large loss of inventory as well as several fatalities.

Due to the demand for more land space to develop, the lakes have
been shrinking over the years. This has lead Wuhan to suffer from one
of the worst flood damage in 2016. Economy damage tallied at 2.3B
yuan and 14 fatalities.

How is it implemented?
In countries like China and Netherlands, they have realised that instead of building walls up to block out water, they should give water space, absorbing it
in before discharging it back out. There are two schools of thought: channelling water through softscape or programmatic landscaping.

Softscape: Ideally there needs to be contiguous open green spaces and ponds to naturally detain rainfall. Green roofs and facades are needed as well, to
retain and filter the water before discharging it back to the ground.

Porous designs like bio swales and cleansing biotopes help to detain run-off water and promotes ground water infiltration. Porous pavements also help to
funnel and recharge underground water.

Programatic Landscaping: some designers have sought to not just create walls of concrete, but rather to introduce programme spaces into these

infrastructures, further enhancing the space. The introduction of programme + infrastructure creates a duality in nature, where during the drier periods the
spaces enrich their surroundings while during the rainy seasons, it becomes a water retention zone, elevating stress from the cities drainage system.

A

Drainage: Singapore’s PUB
Scale NTS (A3)
Case Studies
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Case Study: USA, Chicago

Certain regions in USA are facing issues with flooding due to reapid urbanisation, where roads and concrete surfaces replaced soil and plants. This caused
a break in the water’s movement as they are now no longer able to be siphoned underground but funnelled across roads into drains. As climate change
continous to deterioate, nations are facing storms and floods one after another. Chicago saw some of the worse floods when Hurrican Harvey hit,
displacing 1 million people and resulting in 44 deaths.

Since 2006, Chicago has been undergoing some remodelling of its pavements. Dubbed ‘Green Alleys’, the city has removed its concrete sidewalks and
replaced it with permeable pavements. The walkways are now lined with things like Bioswales and photocatalytic cement, which reduces carbon immission
and acts as ecological drains. This swales help to actively filter and absorb polluted waters. Side walks are also filled with rocks and microbes which help to
decontaminate the water before feeding it to neighbouring plants and water bodies.

Case Study: USA, New York

5 years ago Hurricane Sandy struck New York, causing $19Billion in
economical damage and 49 deaths. Due to its geographical location, New
York City has multitudes of citizens that are living in high risk flood
zones.

With 520 miles of coastline and thousands of acres of waterfront
development, measures need to be taken so that future floods can be
mitigated. BIG architects, in collaboration with others have created an
urban intervention dubbed the “Big U’. This development seeks to
combine existing infrastructure with new programines, enhancing existing
flood measures with new, organic ones.

Coastline developments are designed with parks that double up as splash
zones, absorbing water before it can reach the inner parts of the city. This
allows for the organic hydrological cycle to take place. Permeable surfaces
drain run off water and bring it underground, away from the sewers.

Pros & Cons of Sponge Architecture

Pros:

- Cities can increase their greenery, biodiversity

- More green lands, water bodies, wet lands allow for water to sip
through the soil and be stored in underground tanks

- Cleans up the air in cities

- Helps to lower temperature of immediate surrounding area

- Adds to the monetary value of the land

- Attracts tourists as it will not look like e conventional built up city
- Allows for a duality in city-scape

Cons:

- Retrofitting older cities might be harder to construct 'sponge sites’ due
to lack of space

- Older drainage systems in these cities might be worn out and
damaged, need to replace

- VERY EXPENSIVE

- Takes time to change the mindset of developers that build up areas
need to be more holistic and sustainable

Jurong Lake Gardens,

PUB: Active Beautiful & Clean

As a peninsula nation, Singapore has recognised that she needs to take
pre-emptive measures against rising sea levels and floods. Over the years
Singapore has had flood issues due to overworked drainage systems.
Combined with the need for self-sustaining water source, PUB launched

ABC in 2006.

This movement aims at improving the water quality in neighbourhoods,
while aiding in issues like floods. Bioswales and biotopes are added into
the water bodies to act as natural filters, siphoning out any contamination
from the surface run-off water before channelling them into the rivers.

These water bodies act as smaller retaining zones, easing the stress on our
reservoirs during the monsoon seasons, preventing any floods from
occuring.

Y e
=
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Sponge Architecture

Sponge Architecture
Not to Scale
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What is floating Architecture?

It is typically a building unit that has a floatation device that is attached to
the base. It is often moored and unable to move by itself. Due to that, it is
often towed into location by another ship.

Why is there a need for floating
architecture?

Due to climate change, rising sea levels are a growing concern, especially
to nations that are low laying. Additionally, due to rapid urbanisation,
developed countries are running out of space for future developments.
Our oceans cover about 70% of the earth’s surface.

Instead of constantly piling and building into the ocean floor via land
reclamation, floating structures offers a different perspective as it is not as
damaging to the environment.

Pros & Cons of Floating

Architecture

Pros:

- Resilient against rising sea levels, float instead of flood

- Replaces the lack of land space that smaller nations like Singapore
might need for future developments

- Land can now be used for agriculture planting

- Smaller ecological footprint compared to land based architecture

- Changes the dynamics of how ppl interact w the water front now, as
they are much closer now

- Allows nations that are often flood stricken to have a chance at escaping
complete destruction

- Innovative/ Tourist attraction point

- Not as carbon intensive as traditional concrete

- Can be implemented anywhere with water

- Potential Disaster relief housing

Cons:

- Highly challenging, requires self-sustaining functions

- From an architectural stand point: it is sitedess, doesn't respond to
anything

- Political stand point: who's jurisdiction will the floating community be
under

- Adequate technology required to float such a massive structure

- Very expensive

- Could endanger marine life if done wrongly

Locally sourced materials

Disassembly

3

S

Repairs pmmng\ ;

lifespan

Sponge Architecture
Not to Scale
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Case Study: Anthena Pod

A floating eco hotel in France, the Anthena Pod is one of the few hotels
that is designed to provide their customers with a new expirience. The pod
is powered entirely by solar power. Additionally, it addresses a lot of
environmental issues like rising sea levels and ecological damage.

Using a bouyant base, coupled together with its sand screw anchor, the
pod allows for users to expirience the marine ecology without damaging
the sandbed. As it does not poses any motor, it requires a boat to bring it
to its destination.

Case Study: Copenhagen Islands

Dubbed as a ‘parkipelago’, Studio Fokstrot has sought to create a new destination for Danish citizens to enjoy. Built with recycled floatation materials, the
base is clad in steel and timber. The design introduces a completely new type of public park in Copenhagen, creating new gathering spaces, while still
remaining in context with the global situation where rising sea levels are becoming a challenge for coastal habitats and recreational zones.

Apart from being a recreation zone above the waters, underneath the pods are growth zones for mollusks and seaweed. This new form of public spaces
creates a new prototype for future resilient urban spaces, due to its flexible and sustainable nature. These nature pods will be positioned around the
harbours, becoming catalysts for invigorating human activity.

Sponge Architecture
Not to Scale
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WHY ARE SOME AREAS SO Dengue Transmission
SUSCEPTIBLE TO DENGUE?
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These four viruses are called serotypes because each has different interactions with the antibodies in human blood serum.
Afver recovering from an infection with one dengue serotype, a person has immunity against thar particular scrotype. Docs infection with one scrorype protect
against furure dengue infections with the other serotypes? Individuals are protected from infections with the remaining three serotypes for two to three
months after the first dengue infection, Unfortunarely, i is not long-term provecron. After thar shorr period, a person can be infecred with any of the
remaining three dengue serotypes. Researchers have noticed that subsequent infections can put individuals at a grearer risk for severe dengue illnesses than
those who have not been Pr\_'.':r-l,:-h' infecred,
-\ w Singapore has low herd immunity against the disease as there is good mosquito conerol over the years as many people have never been infected with dengue.
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in the fight against dengue as potential breeding the high-rise neighborhoods transmission within housing morning & evening before
grounds such as drains are key risks
cAararcs SLINSCS
Dengue Outbreak Vector-borne Disease (Dengue)
¥ e viil T Seale
Mot To Scale Mot To Scale
Information eredits to: factors affecting the spike in dengue cases in singapore (pandemic)
I P ;
National Environment Agency (NEA]
Options Research Studio AY 20021 Semester | Research and Analysis :\:Pu;tl" ,:F‘ o Jn‘: :mrh“ AY 20721 Semester 1 o “‘;; arch &li\“;“} M;
Studio Tsuto Sakamoto Category: History and Culture Studin Esuto Sakamoto Ategory: League Uuthred



NORMAL CONDITIONS

El Nino

Sauth
America

westward-blowing trsde winds lead to colder warss in the

cquatortal castern pacific oooan

EL NINO CONDITIONS

South Pt Benan
east ’

AU Triia

erade winds wesken & reverse in direcrion, lexding to wamier
waters in the equatorial castern pacific ocean

Cholera Outbreak in 1841

The Pacific Ocean s the lingest oczan basin on Earth, Unsurpesingdy, it i not 3 uniform body of water, and the différences influence the dimate of various regions, Under
normal conditions, the western Pacihic b much wanmer than the east, The reasan lics in the way the winds ow

In the eropical Pacific Oecan, winds mainly blow from case to wese. These prediceable prade winds, a5 they are knosn, keeps warm water confined zround die maricime
continent, The waters warm as they move across the Pacihic Ocean, eventually pooling around the maritime continent. Evaporating warm warer fueds che rain clouds in the
western part of the rmlli..'JI Pacific, Singspore is sitvared between the Indlan znd Pacibc Ovcans, aid cin be affected ll:.'n.'lulu;n im sed sardace fermperatures and drmasplicric
presiure in both basing,

Cooler waters also cool the axmosphere above it cansing air to sink and creating an srea of high pressure, This makes it harder for rain clowds to form, When an El Nina hits, on
aveTage ovry three tos fosur vears, it ||'i'|:r||E1n. thix stamas cuaes Scicndsts beliove the wetkening ol the tracke winds s b whiar kickestares this process, although the et wigger s
stil befrg stuchied. A rhe erade wipds weskien, the poxd of warny water i the west is o |.I||-‘|:|\:I coptined o that reghon, anid 4 e of wearer water now exteseils from west 1o
cast. As the warm warer moves towards the ceneral and esrern Pacifie Olccan, the rabn clonds fallow.

Spike in Dengue Cases - Warm Weather
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The El Nifie-Southern Ousillation {ENSO) phenomenon has profound impacts on global climate and weather anomaly patverns, often defining major peaks in
spatial and temporal dimensons of drought and food conditions. These extremes in precipitation wnd remperature resulting from ENSO events sre known ta be
the |w.'1.1_'.ru:|'.||l|j drivers of a range of vector- and warer-borne diseases, and coral discawes, whose E:ll.'.{k!- in acrivicy colncide, l.:E, or follow |1rt'|.'i1'|iu.ri|‘\r| and
temperature departures from normal,

Common Breeding Sites - Rainfall

Flooding rains create ideal breeding conditions for mosquitoes. More rain means more potential for puddles, and more potential for mosquito breeding.

Frequent heavy rains can wash out the eggs that have been laid, but mosquitees are smiarter than we think they are.

Vector-borne Disease (Dengue)
Mot To Scale
factors affecting the spike in dengue cses i singapore [clonate change)
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Caregory: Dengue Outhreak

DATE VALUE cHanGe %  The outhreak in Singapore started at Kandang Kerbau and Kampong Kapor before spreading to
ek Rorchar and Kampong Glam, The initial cases involved patients ot the lunatic asylum located
e ) iy nexi to the general hospital in Kandang Kerbau,with more than a dozen fatalities. The first case
7043 1 00 % occurraed on 13 July at the asylum,and soon spread to the surrounding areas.
1 1 000 N Kandang Kerbaw was mamp}'.mndv up of Tow-lving, Aat land and hence sulfered poai drainage,
/ and coupled with dismal sanitation in the hospital’s vicinity - all of which contributed o the
it ! c area’s high suscepuibility to the spread of diseases - one of the immediate public health responses
2004 1 1opopas  was o move all patients in the hospital and the lunatic asvium to the former militay hospital
building at Sepov Lines along Outram Road. The Outram site was closer o town,spacious and
o3 ! <3000 % locaved on high and dry grounds thae facilitated good drainage,which reduced the chances of a
001 - e cholera outbreak. One of the difficulties faced by anthorities in the fight against cholera was the
i v s reluctance of some affected locals to seck medical reatment. The Families of sufferers alse hid
2001 5 2000 % the sick instead of encouraging them o seek proper treatment and more often than not they
refused 1o go to the ]:ur.[.rilal. This |il|.|'|_1_. Tasel ww many !!1‘:“!1.1.])?" wularly those from the Chinese
e w Bl community,going unreported and thus under-declared to authorities,
m u AN Taday strict sanitation regulations,modernised water supplies and good hvgiene practices have
195¢ 3 5316% ted to a drastic reducton in cholera cases. In recent times, there were eight reported cases of
cholera in 2001, and two cases each in 2002 and 2003 In 2004, two imported cases of cholera
1957 13
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tocs, fingers, cars & nosc
are at gr::tl,c.l;l nik .I.'.l:rl:lll:ﬁ-c
these areas do not have major
muscles to produce heat

body preserves heat by

keeping the internal organs
warm, reducing blood fHow o
the other extremitics under

cold condions

hands & fect get cold
quicker than the body
a5 they lose heart Faseer due o
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Were l'{‘:ljl!l!'li"ll.

Hear Stroke

CONVECTION EVAPORATION

EXERCISE
INDUCED

HYPERTHERMIA

Thermal Intolerance

marmil hypothermia
injury o the soft tissues,
nerves, and vasculature of
distal extremities from

prolonged exposure to wet,

cold
nonfreczing cold injury
(NFCT)

injury to the soft tissues,
nerves, and vasculatuee of

diseal extremities from
prolonged exposure to wer,

cold

wiarm water immersion
foot {(WWIF)
paintul, white, wrinkled soles

of the fect duc o immersion

in warm water (15 to 32°C)

For up to 72 hours

=] B . |
temperature of body parts

Water-borne Disease

Not To Scale
possible factors: wnsanitary management of water [ unprediciable weather
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Change in Temperature 12 Y e Dilfernce [207-2019) Oweanic heat content (OTC) s a teom for the enevgy alssrbed by the ocean,
e ] = which & stored as tnternal energy. Changes in the ocean heat content play sn
- important role in the sea level rise, becanse of thermal expansion,
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Rainfall Pattemn

Regional weather patterns across the globe are also
changing due i tropical ocean warming, This
cxpansion of the wirm pool bas aliered global
reinfull patterns, by changing the life cycle of the
Madden Julinn Oseillntion (MO, which is the most
dominant mode of weather fuctuaton originating
i the tropHes

Wind Direction and Strength Pattern

Wind patterns drive swifnce currents which push the
surface water o the higher lnttudes where thie air is
coder. This conls the water down enough to where
it can dissolve meore gasses and minerals, causing it
tor become very dense in relation to lower ladde
wakers, which ln fum causes it o sink to the bottom
of the ocean. Driven by this sinking and the
upwelling that sccurs in lower latitudes, as well as
the driving foree of the winds on surface water, the
ocoan currents act o circulate water throughout the
el sei

Rescarch and Analysis
Category: Effects of Sea Temperature

Hnrface Layer
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Salinity Is an boponant factor i determining many asprets of the chemistry of nateral waters and of binlogleal
processes within I, and is a thermoedynamic state variable that, along with temperature and pressure, governs

physical characteristics like the density and heat capacity of the water.

In certain high latiude regions the surface wabers are colder
than the deep waters and the halocling b responsible fos
mainiainmng water column siabilin- olating the surface
walers from the dol*p wileTs

The Balocline is impooant in allowing for the lormation of

wa lee

Limiting the escape of carbon dioxide to the stmosphere,
Haloclines are also found i fjords, and poorly  mixed
estuaries where resh water is deposited at the ocean surface.

Temperature Effects on Salinity of Water

Not To Scale
Halueline Effect
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Pros of Rine in Seawater Temperature

Coral Bleaching

Cha
drive oul algae

in waler !'.':II'IP':‘FJI.IJ“' CALSTS I.':lﬂ'n'.\] iz

Cogals die, reel |.'|'r|-|_r come back, With [ew
corals surviving, they struggde to reproduce and
entire reel ecomvstems, on which people and
wildlife depend deteriorate

Marine fishes, seabircly and meirine: mammals all
face high levels of monalities, loss of breeding
grounds and mass movements as species search
for favorable enviconmental conditions

Algme Bloam

growth, toxicity, and disribution of harmiul
algae blooms, deplete the oxygen around them
1o levels low enough to kil marine life

Inereased warming of sea temperature enhances
ocean  stratification, which previents  mubrient
mixing in the euphotic sone where these is
ampie Hght avallable for photosynthesis. Thus,
primary  preducton §s  constrained, and the
region's entire Jood web is disrapted. I rapid
warmning conlinues, experts predict that the sea
will transform into an ecological desen and will
a0 longer be productive.

Growih af Mlankions

Tnereased mutrients and warmth fuel the growth
plivtoplinkton

Increasing  temperatures,  although  inddally
enhancing the gowth ol phyto
allowed Incredsed grasiag by cooplankion and
bacteria

nnkion, also

This.  relationship  between  the  physical
envirgnment and  ocean  biology  cffects  Lhe
avallabiliy  of outrients. for - phytoplankion
thl'll. sinee these Tuctors inflluence vardadons in
upper-ncean femporature and stratification

Rising ocean lemperatires aba affect the beneflts bumans derive from e ocean
threstening food secusity, increasing the prevalence of diseases and causing more
extreane wealher events aned the loss of coastal protection,

Inerease of Floods

InéTense iy seawater EEENPRETARNT e 19 CALSITE the ocean to create moe Boods since I is
wanming up and the gljnn-n [ b dce AgE Are now meldng causing the sea levels

tor riser, which cavses the acean o take over part of the Tand and beaches,

Mueling of Polur lee Caps

{leean warming s tas lh-:u:.grlul.lq:-u = @ reduction in the ameount of OV
dissobved in the ocean = wnd seadevel dse = resuliing from e thermal expansion of
sea wiles and continental jee melting, The rising temperatures, coupled with ocean
acidification (the decrease in pH of the ecean due to its uptake of CO2), aflect marine
specios and ccosvetems and, consequently, the fundamental benefts humans derlve
from the ooean

When global warming is added into the equation, chunges occur, especially i the
regions where deep water is formed. With the warming of the oceans avd subsequent
melting of glaciers and the polor bee caps, mome and more Fesh water §s roleased into
the high latitude regions where -'I.H-p water B Formaed, This exira waler thai grls thrown
inter the chemical mix dilutes the contents of the water ariving from lower latitndes,
reducing the density of the surface water. Consequently, the water sinks more slowly
than it normally would

L&
-
Il =

=,

Waterspoul eccurrence on bt June 3G

Sea surface temperature §s important for ropical cyclogenesis, it [y also imporiant in
determining the formation of sea fog and sea brecees. Heat from underdyving warmer

walers con sigrificantly modify an atr mass over divtancis,

- - il
Increase of the Thickness of Sea Fog

Inpcrease in sea wemperatare bas increased the amown of fog an sea level, making it
harder for ships to navigate withowt crashing into other boats or other objects i the
acran. The wormmness and -;L'l:nimr--.-i of the gl:m:l.u'] is rausing tho 11&3 b come closer
o the surface level of the scean.

Increase ol w:n'ngl'h ul Hurrcane and I'|1:[|||.'u|. E':.:rl.ve.-m-

The warm watérs of the Loop Current and s associated eddies provide more energy
to hurricanes and allow them o mensify. As hurrcanes pass over warm water, they
comwvert the ocean's heit Indo storm energy, As this energy Is removed from e seas, a
wake of colder water can be detected along the huwricane’s path, This b because heat
i withdrawn from the ocean mixed layer. Latent heat is lost directly to the tropical
evelone across the airsea interface. Also. the hosizontal divergence of wind-driven
mixed laver currents resubs in the upwelling of colder thermocline water, Finally, the
turhbulent entrainment of eolder thermocline waters caused |'|:|.' winad stirring also resulis
i the conling of the surface witers, (Eg. Tropical Stoom Vamei bits Singapore in 2060

e e e _
= e e

—0
7
@ -\
‘Warm water, in Light winds from
the 80w, is key E and NE help @
to watorspout apin updrafts
Termation. of air, forming

cumulus clowds.

Increase of the Formation of Waterspouts

Both tomadie and [airweather woterspouts require kigh levels of humidity and a
|:1'l:|:||-.'rly W water emperdure n:mpan'el to the overlving adr, '|."|'.1.I.1'|~.pr|||1*\. anc
most commen in tropical and subtropical waters

Temperature and Marine Biodiversity Temperature and Natural Disaster
Mot To Scale Not To Scale

Peos and Cons of Changes in Seawsler Temperature Creation of Matural Disaster
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How do moisture
move/infiltrate different materials?

Air Movement Diffusion

Ea.pjl!ary.&dﬁqn I Aqu id Flow

What could benefit from the
different forms of deterioration?

concrete waood
ability to mend cracks baubotanik
bio-rocks o i T

Methods of Deterioration
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Expansion bevond Reversion
Prolonged exposure to moisture of existing timber structures [ components will cause expansion to
continously occur. This causes mechanical stress on the joints of such structures,

Expansion & Contraction

Timber swells and shrinks as is absorbs and releases moisture to acheive equillibrium with its surroundings.
Maost of the time tolerences are catered for to allow for such movements without causing structural weaking
reperussions.

Warps, Twists and Cups [Distortion)
Distortion scours when there is uneven exposure to moisture, Depending on the grain direction, either
warping,iwisting or cupping can occur, This usally happens to exterior timber panels without coatings.

Wood Rot (Decay)

Wood decay,or rotis caused by a group of fungi that derive nutrition primarily from the components of
wood cell walls, Consumption of cell wall material results in structural degradation. Wood decay fungi have
developed relatively specialized biochemical processes (o digest cell wall material. These processes require
free water,in other words.a moisture content in excess of fiber saturation for a substantial period of time.
There are three main types of wood decay:

L. Soft Rot

Soft rot fungl grow in wood that remains substantially wetter than Gber samration for long periods of time,
such as inside pilings just above the water line,in posts set in damp earth,and in other more or less constantly
wet locations. Soft rot fungi are most closely related to the mold fungithough their effect on the structural
properties of wood,unlike the molds,can be severe,

2 White & Brown Kot

White rot and brown rot fungi degrade the cell walls of wood in ways that differ significamly from a
binchemical standpoint,and the appearance of wood decaved by the two types of fungi also differs. Both,
however,can cause significant structural damage to wood. Tn nature, white rot fungi grow on hardwood logs
on the forest floorand brown rot fungi tend o grow on sofltwoods,

For decay to propagate, five major factors must be present: wood decay fungus, wood, regular source of
water, temperature must be appropriate, and oxvgen.

Mould
Maolds are primarily an aesthetic problem,and often can be wiped away or removed with gentle abrasion,

They generally do not penetrate deeply into the wood,and do not cause appreciable damage to the cell walls,

instead living on free sugars starches,and other metabolites {gencrally found in cell lumina, particularly in
sapwood]. Although molds do not cause structural failure of wood, they can give off unpleasant odors or
produce large numbers of spores which may become an indoor air quality concern.

Stains

Microbial staining of wood is caused by fungi that penetrate the wood,often colonizing the sapwood of rees
within a short time after felling as the sapwood begins to dry out. They live on the free sugars starches aned
other cellular contents of the sapwood,but do not harm the structural integrity of the cell walls. For this
reason,stain fungi are not considered wood decay fungi. Stained wood is also considered unsuitable for use
as siding or exterior millwork as stain infestation often results in greatly increased permeability,which in turn
results in increased water absorbtivity,

Bacteria

Bacterial contamination of wood can occur where the moisture content of the wood remains substantially in
excess for extended periods. Wood-dwelling bacteria generally have the ability 1o live anaerobically. The
oxygendeficient environment of very wet wood s most conducive for bacterial growth as it inhibits growth of
other microbes with which the bacteria would otherwise have to compete. Wood-dwelling bacteria generally
do not cause a reduction in the mechanical properties of wood. Utilization concerns are related to strongly
malodorous compounds produced during anacrobic respiration.

Wood Deterioration
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Aggregate Expansion
Reactive silica can be present in water and repet to different aggregate entities in concrete to form foreign
substances/precipitation that causes cconcrete to expand and crack,

Carbonation
Carhon dioxide reacts with calcium hydroxide present in concrete to from calcluom carbonate (similar
process lo decalcification).

Carbonatlon strengthens concrete by reversing the decompaosition of carbonate aggregates in concrete.

But also reduces the alkalinity of conerete structures,which is essential for corrosion prevention of rebars,

Corrosion of Rebars - Oxide Jacking
Improper workmanship or cracks in the conerete allows water into the concrete and caunse corrosion of the
rebars, As they corrode.expansion oceurs due to the build up of nestcausing mechanical stress,

In most cases the expansion from rust build up causes concrete W be chipped away.exposing the rebar ta
further corrosion.

Microbinl Corrosion
Untreated sewerage water contain (sulfate reducing) bacteria and common bacteria,

Sulfate reducing bacterin consumes sulfates from the concrete through anacrobic respivation,producing
hydrogen sulfite which would be oxidised by other common bacteria through aerobic respiration in the
prresence of water (o form sulfuric acid.

Sulfuric acid dissolves carbonates present in concrete,weakening the siructure.

Leeching - Decalcification

Initial decaleification can occur when caleium hydroxide dissociate o form Ca+2 and OH- jons. These fons
will b Il:flllsljlllq'l{'.fl or dissolved |)‘_\r waler, Uhal has found s way into the concrete,to the outer surface of the
structure, Carbon dioxide dissolves into the the solution reacting to form calclum carbonate precipitate
(Calthermite).

Conerete Deterioration
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Uniform Deterioration
Characterised by a vniform corrosion along the entire surface of a metal structure.
Predictable in nature and does not cause much complications,

Pitting
Deterioration of metal on a centralised [ pin point location. Can résult n material fatigue of the entire
structure if loft unattended, Tt is wsually caused by

|- High concentrations of chloride

2, Localised chemical / mechanical damage

4. Localised damage to or inconsistent application of corrosion preventive coatings
L Oxygen differential cell corrosion (metal oxidation)

Crevice Corrosion
Localised stagnant conditions on the surface of the metal can cause deterioration to oceur such as:

L. Oxygen differential cell corrosion (metal oxidation)
2. Depletion of nawral inkibitors

3. Creation of acidic conditinns

{. Build wp of chiorides

Pack Rust

Exposure o open,moist or corrosive environments along adjacent steel components compaounds mst
conditions due to the internal / mechanical pressures applied between 1o sach other, Often comes wogether
with crevice corrosion,

Fillform Corrosion
Oceurs when there is an aggressive chemical reaction under a protective film or insulation layer that has
been breached. Maostly due to the improper application of rust preventive coatings

Galvanic Corrosion

When 2 or more different metals are exposed to the same motsture [ corrostve condittons, they can displace
metal fraom one to the other, When & galvanic couple formsone af the metals becomes the anode and
corrodes faster than itwould on its own,while the other metal becomes the cathode and corrodes slower than
it would alone. In a galvanic couplethe less noble metal will become the anade of the corrosion cell while
the more noblemetal will act as the cathode,

Erosion

Deterioration by orosion is an acceleration in the mte of corrosion in a metal due 1o the motion of a
corrosive fluid against the surface. The increased turbulence caused by pitting on the intemal surfaces of 2
pipe can resultin rapidly increasing erosion rates and eventually a leak, Deterioration by erosion can also be
apgravated by faulty workmanshi p. For example,burrs left at the ends of a cut pipe can upset smooth water
Aow,which can cause localized wrbulence resulting in deterioration by erosion,

Cavitation

Cavitation occurs when a fluid's pressure drops below its vapor pressure causing gas pockets and bubhbles to
form and collapse. This condition can occur in an explosive and dramatic fashion, This form of deteriomtion
can easily reduce the material thickness of pump impellers and other similar equipment components.
Cavitation can also exacerbate deterioration by erosion at pipe elbows,

Brick Deterioration
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Moisture Movement

Water can seep into pores and cracks of brick and montar over time. It can travel through capillary action or
with the help of wind and pressure differences, Moisture carries foreign particles harmful to the longevity of
brickwork and causes structural weakness over time.

Microbial Growth
Unless properly ventilated tighter buildings are actually an ideal environment for mold growth,as are the
givens of modern life,including wall-to-wall carpeting and air conditioning.which causes condensation.

Salts

Salt can enter bricks through contaminated water ingress. Salt is damaging because it creates a steady
expansion of crystals within the bricks. This can evenmally force the structure of the brick apart. The source
of salt can occur from within the bricks themselves or from the application of contaminated mortars or
renders.

Efflorescence

A phenomenon that soluble salis dissolved in water are carried, deposited and gradually accumulated on
brick surfaces to form an unsightly scum. Without water efflorescence cannot occur, The soluble salts may
be originated from the raw material of bricks. But in most cases,efflorescence is caused by salts from the
external sources such as ground water,contaminated atmosphere, mortar ingredients and other materials in
contacts with the bricks.

Lime Stain

Lime staining occurs when calcium hyvdroxide is deposited on the face of brickwork. Lime staining will
quickly absorbs carbon dioxide from the air and becomes calcium carbonate. It is virtually insoluble and can
only be removed by expert and costly treatment. The calcium hydroxide can come from three main sources:

calcium hydroxide caused by the hydration of Portland cement
from hydrated lime added to mortar
from brickwork in contact with wet concrete

Sulfate Artack

Most ordinary clay bricks contain sulphates of sodivm,magnesinm or ealcium. These salts are soluble in
water, Mormally,these sulphates are seen as the hammless efflorescence which affect appearince only and
need simply to be brushed away. On rendered brickwork sulphate attack is manifested by cracking of the
rendering the eracks being mainly horizontal and corresponding to the mortar joints below. The rendering
may adhere quite well to the bricks early in the attack but areas are likely to become detached as the
expansion of the underlying brickwork causes severance of the bond between the two material.

Rust Damage

Masonry wall occur these defects when brick walls have been improperly caulked where coulking should
have been omitted. The most common example of this defect is the damage that occurs to a brick wall when
a steel lintel over a window or door is caulked tightly between the brick and the steel. Muoisture penetrating
the brick wall through cracks or mortar joints is trapped around the steel lintel. Rust developing on steel
lintels has tremendous lifting power as the rusting exfoliating metal expands, sufficient to erack and damage
bricks around lintel,

Brick Deterioration

Rescarch & Analysis
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Commentary: An over-
emphasis on home
ownership can come at
a cost to society. Time
for a review of public
housing policy

SNEADOrET RoummE Dolicy TThrTed
outwith the dim o' previding bazic
comfarable and safe houzing
sacursy for Singapomeant. Ower the
decmdes,

A

Home ownership helps
Singaporeans build up
assets: PM Lee

SINGAPORE: By pursuing
hemeownership as 8 key rational
policy, the Government has
improved the lives of Singaporeans
significantly, Prime Minister

The Government witnted to build 3 home-owning sociesy where people felt they bad a stake
in the country and would work hard 1o coniributo to socictv.
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HDE flats sold on 99-
year leases ‘to be fair'
to future generations
and for "practical’
reasons

GURED = Puddi buctsng e

Leasehold v to allow for the
recvele  of  land  for  future
generations,

W% of Slogapore  Population
have home cwnership

East Coast
Mot To Scale

Rasarch wnd Asalysis
Category: Loss-of Homes
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7 Most of Singapore’s energy comes offshore from
= Juremg Island where most of the petrol chemical
T plants and power stations are located

95% of these power plants operate on
natural gases, the remaining 3% comes
from fossil fuel, coal and solar,

With fossil fuels depleting at a steady rate, new
alternatives must be found quickly

Glabal Fased Fuel Production and Forseast

T

A

s S sl eapsyslend (e

Jurong Islend houvses majority of Singapose's power genersting fxcilities. These sources are Energy Crisis In Singapore
destined 1o |I1-|r|rlq' h}' H T .-\Im::; with ihe dsing coneem of sea lowvels, Hlng:pnrr irles its An II'lI:‘M..,';I.I'.I}!I'rI:‘ future that s imminent
best o look into new methods wnd alternative sources of energy,

1']|1r|1.-|:|x Fesearch Swdis AY 420 Semester 1 Fesearch and .-"u.1:|.|1_.1|.~
Studio Tsuto Sakamotos Category: Techonolugy

Caissons are massive structures that requires an immense amount
of materials. Just looking at steel alone, a single caisson structure
uses 11 Eiffel Towers worth of steel in the form of rebars, 221
calssons are need o construct Tuas Port alone,

Concrete is also used precious sand, the same kinds of sand that
would be needed to dump into seadbeds in order to reclaim land. %221

2210 Eiffel Towers worth of steel!

How Much Materials To Reclaim Land
Caissons are massive stuctures submerged into the sea to hold water back, Just how
much do they set the nation’s materials back?

Options Research Studio AY B2 Semester | Research and Analysis
Studio Tsuto Sakamoto Category: Speculation



The earth excavated iz stored as reserved
lor building construction and possible
land reclamation uses.

“ We should allow Singapore
to grow and plan for a much
bigger population... like 10
milion people. ”

As Singaporeans retreated inland, they had o
dig deep into the earth to find more space.

EERr )

The challenge of
underground cities is their
disconectivity,

Comunitites from an
underground city might
not find it worthwhile to
comunicate and interact
with other underground
city comunities.

As Singapore grows inte a more advanced and bustling city, the need for space in paramount, While we retreat from the ocean, we have to dig deep to secure maore land surface
for greater numbers of housing developments and business infrastruciures. The earth dug up is stored as national reserves. Meanwhile, communities of work, live and play form
within the underground cluster neighborhoods. Their amenities are within close proximity and plentiful. How would cach neighborhood grow fanther apan from ecach other If Singapore Surrenders To The Qcean

culturally? Retreating inward, downward and upward -

A series of transformations following such a scenario

Options Rescarch Studio AY 2021 Semester | Research and Analysis

Studio Tsute Sakamoto Category: Spoeculations
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Government proposes further land - 354 80 ! ! o= 2 <= " 7 Asland-inches closer o territorial

reclamation as a solution 10 sea level i " 1 B e = borders, illegal smuggling of goods
rise, raising its terrestrial land from ; s — =S become mich easter— -
SLEN o 7400, ' . 7 '

escalate existing tension between Singapore and Malaysia
due to the close proximity between the two nations.

s reclaims land to its the

yeds

e MORE W
BOSS, WE NEED MORE f { lm

ms .-*.N‘j"_‘lpll’_lflt}-,' SAND FOR OUR .
[_.'{_}N[':RE'I'E, BOss2

L gAND BAN

PR S e
As concern grows against Singapore s san

'
AN ides 5 enoughs
explojtation, ASEAN decides that enough is 21 igh

e

Maore concrete is used for land reclamation purposes.
Singapore conswmes more amounts of steel for rebars,
aggregates for concrete and sand for land flls.

Needing to act on the nation’s state of emergency, stecl, sand and concrete are
prioritised for land reclamation works, causing a growing scarcity of these
materials. Singapore has to rethink their choices of material for domeste
building construction.

Singnpore concludes that aggressive lund reclamation is the way to go, Adopting ideas from [ellow victims of sea level rise, new metheds of land reclomation begins, utilitising
concrete o aid in substituting same amount of sand that &5 in scarcity, Malaysio actively calls Singapore out as it watches its neighbour inches closer with caulios eyes, pleading

support from ASEAN nations (o band their sind exports o Smgapore. Meanwhile at home, local industries struggle 1o keep up with construction as precious sand and steel age If Singapore Reclaims Land To Its Edges
priovitized for land reclumation projects under national emergency policies. As land draws closer towards water, smugglers gedze the oppomunity to inorease their illegal trafficking Agpressive eombat against sea level rise -
activitics. A series of transformations following such a scenario
l]]:l.im:s Kesearch Studio AY 2041 Semester | Besearch and J'l.l!ﬂ.|:\'$|h

Studio Tsuto Sakamota Category: Spoeculations



With the dam constructed, it serves as a new connector
along the southern edge of Singapore,

Low lving areas such as East Coast would
see new beach landscapes, Perhaps raising
property prices further in the region,
e T AN | |
o \ ) (= e Dams are built around the island to
\ - R tect low lying land in singapore 1 L=
\ - .r,.-‘:_g_‘:l < prote ving land in singapor . N B
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~ Starm water pipes are fitted within the dam infrastrucure, il.:_
directing excess sea water inland through the 1IXTS5 towards -
water treatment plants, : 3
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The dam becomes an offshore park -
A tourist attrtaction and a family j
friendly hotzone in the weekends. {

{.‘1'-n-.'|:'-:!|.||g delent tiv the w:ln‘ll:r and anaring prices of precious snmwd, S‘inj;apnrw' decides 1o reinforce its consts with dams and levees, I:'u.n'.ing from the Dutch, these dams are nggl'ﬂ
o the Decp Tunnel Sewerage System (LIYT55) where exoess sea water would be pumped away from the land wowards desalination plants. Low Iving areas like East Coast Park enjoy
having an enclosed beach between land and the new dam, Dams would alse become pew [orms of beaches Turther out into the sen, atiracting locals o o bizaare man-mibade
landscape, In addition to newly created beaches, dams algo sepve s acoessible connectors along the southern edge of the sland

If Singapore Intensifies Flood Control Infrastructure
Aggressive combat against sea level rise -
A series of transformations following such a scenario

Rescarch and Analysis

l]]:LI-m:-.- Kesearch Studio AY 2041 Semester |
Category: Speculations
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As cities densily vertically, there will be an increase in
aerial obstructions such as drones. Drones will likely be
required to ensure communication and transportation
of items between vertical blocks. These aerial objects,
along with the sheer height of buildings might

obstruct air routes.

Substations

Bus
Interchange

Common Services
Waste Disposal

0 e

o b o sensy,

Kond

Metworks The sheer height of vertical cities make it There 15 a need for advancements in

| more Feasible to aim for \'l.'rlir'ul. construction technology to ensure structural
Seltnsuff ney. Seke “stability of vertical cities.

-

Diep Tunnel
Sewerage Svsiem

i

ullLIL_uth (|

BETE

i

Rock Caverns
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Ammo Facility
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Reservoir

Vertical Densification

Fo accommodate for the expected 10million local population, we might need to build higher in addition to going underground.

Underground City Plan

" 3 . Advancements in co ‘uction and communication technol
Singapore’s subterranean proposals in search for more space

nt, it will be challenging to encon

Chptd Rescarch Studio AY 20021 Semeste g ndd Analysis Options rch Studio AY 20/21 Semester |
Studio Tsute Sakamoto Categ Speculation Studio Tsuto Sakamoto




East Coast Park lies 4m above sea

J 5 o SATURDEY, JULY 11 2100 =

evel and there s a 3m orise between = = e e e e

low aned high tide l IIIJ S' I{f\l I 5 I l.‘lILS
A e e T D R A

Tt BlewetUl A gy, o il B o

East Coast Park at risk of
flooding as sea levels rise to 4m

As s levels
rise, this
Trequency of
Miwnls i ECP

i 1 - [ TSEE
low tide high tide _ == 4m Inereas,
- . espocially at
- luigrh viche samal
i ———
—-_ - - - dluring
= _ = - LI

Existing infrastructure raised by Imoand all new

buildings have to be built 4m above sea level

Water

*

As rizsing sea levels increases the weight

placed on reclaimed land, it will eventually

—
o —

sink, exacerbating rising sca levels,

Warmer temperatures arca also harmful to

marine life, reducing marine bicdiversity

Squares i

flood level

rise in seca level

East Coast Park currently lies 4m albove sea level, A8 walers coftiie e rise --M:u.u—“lidlh. we might hin or even surpass the 4m mark by 210 This
brings a ser of consequences and warrams responses that are likely 1o change our coastal landform, most significamly Subsidence of the reclaimed
lamdl. As seen from other conmtries, hard measures such as seawalls and dvkes will only take us so Far, and a softer approach might be more successful
in the long run. Embracing rising sea levels and incorporating the dynamics of water into owr daily lives involves the erection of permeable gardens

along the coast, as well as water squares and canals,

Options Research Stucdio AY 20021 Semester |
Studio Tsuto Sakamoto

-

oastline with a mixture of softse A
(sponge gardens) and hardscape 1LETSOUa
to buffer against floos w making the coastal

arca more permeable

AL o et il e
Em———

———

.’

The new measures alter people’s relationship with
witer. Previously, rain and floods were dreaded
and considercd disasters. With the water squares

and [lood cities, they are instead something to look
Forward to as it alters public Dacilities post-rain or

(Moo,

They also make the dynamics of water tangible
and the MNooded squares might even enhance the

acsthetic value of these public spaces.

BullTered water could then be drained out into
stormwater tanks or stored and Ciltered Dor Matore
Hsage,

Embracing water
Chronicles the change in landborm from present

times oo potential 4m rise in sea levels

Rescarch amed Analysis
Category: Speculation
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a potential ilea miaght be e star colonizing water

le. However, polivical anid «

atienally® Problems such a

Floating cities are built in very deep waters,
which are experienced approximately more

than 2km away [rom Singapore’s coast. This
I:‘.;-u'lﬁ Tan |‘I|'|.r]]||:‘ ]:1.‘1“;; ii.l:llhh.'rl r'l'lll'll l|‘||;‘ ||:|1.'H|
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The construction of MNoating cities alse has 1o
he accompanied by advancements in deepwater
construction technology. Advancements also
have to be made in sustainable technology for
waste disposal 1o reduce the harmlul efTecrs

of living in such close proximity with marine

g rolonies be independent stares?

cf onr structures ive on mari ne

.
ng Boundaries
g citiés infringe
countries, Or
ms could arise

Floating Cities
As rising sca levels are term problem,

Meating cities might be a more adaprable solution

Research and Analysis
Category: Speculation
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Transport Dirivers Cdperators

I MIL. FOREIGN MIGRANT
WORKERS WORKFORCE

S HHK KT

THE GOVERNMENT'S MAJOR DRIVE TO SLOW THE INFLOW OF FOREIGN WORKERS ROBOT TECHNOLOGY BECOMES UBIQUITOUS
TO RAISE PRODUCTIVITY IN ECONOMY THROUGH USE OF ADVANCED TECHNOLOGIES REPLACING 88% OF FOREIGN MIGRANTS LABOUR

23 MILLIONT.OCAL
WORKFORCE

PLESENT

FUTULE

COMPETITIVENESS AT STAKE

The dhisrupive iture constoection meassivebe shlt the demand of constmeciion to the wie of sbvanced construction techaologes, stakes are high as bvelithood of loeeign workers will be an nsk.
Naot only will the reductron i foreign workers not hamgees the specd of Sngapore’s redevelopawent, vather B accelerates and madvertly nnpact Smgapore's economy ol basiness vitaliy.

Is the longer-term interest of Singaporean jobs and the econoamy better secared® If Siﬂgﬂi}ﬂﬂ reduce reliance on fDl“El'g'ﬂ workers with :el:hnolugical advancements

Men vis Machines i Dgiial Age -
A series of ransformanons followmy such o scenario

Chptinnns Hesearch Stacio AY 021 Seawstier | Rescarch and Analysis
Siudio Tsute Sakamaota Category: Speculations
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East Coast Park
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Gardens by the Bay
{Bay East)

" Bt \ Cruise Hub & Coastal
a ¥ 1 ST e, PR '\ Panjang - 3 | ' Pgrk at Marina South/
Bamboo Scatfolding Crancs, Excavator, Heavy Machinerics / - e : F Power : Jau Br Straits View
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A
6-Sided PPVC Assem )lv Pre-Fabrication Insnlhnon

[ AR Drone Survey
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Greater Southern Waterfront

3G Connectivity

- - —

Digital Education of Marine Biology

As construction technologies advances, new jobs opportunities are created while others Strategically located along the coastlines of the Greater Southern Waterfront, will
are le(t behind. Will the integration with Ardlicial Intelligence unleash the power ol a . . East Coast Park aclivate into a vibrant walerfront lor the Fastern Region ol Singapore? .
smarl, connecled, and vibrant nation? The Evolution of Construction Advancements Improve accessibilily linking Green and Blue, is this yet another urban redevelopment If Slngapore leverage on ‘Water’ as new means of Transport
Men v.s Machines in Digit?ll Agc‘ - gimmick, or a true attempt to integrate the socio-ecology treasures of the Last? Future I\'I()bility (Water Transport) in Dlgltfll A\gc‘ S
A series of (ransformations [ollowing such a scenario A series of transformations [ollowing such a scenario
Options Research Studio AY 20/21 Semester | Research and Analysis Options Research Studio AY 20/21 Semester 1 Research and Analysis
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Eastern Region Loop - Phase 4 ( 2023 )

Thomson-East Coast Linc

| THOMSON-EAST COAST LINE
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Multi-Modal Real-time Connected
Transportation Traveller Information Vehicles
Solutions
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Today’s mobility system cannot meet future transportation demand without

increasing congestion and pollution. The [ulure mobility network lor the movement

s Lo jobs, education, healthcare and irade. If Slngapore leverage on Autonomous Traffice Network

Future Mobility (Public Transport) in Digital Age -
A series ol transformations [ollowing such a scenario

ol people and goods provides vilal ac
Will the new applications of transport technology bring work closer to home?

Options Research Studio AY 20/21 Semester |
Studio Tsuto Sakamoto
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Eastern Park Connector Network

3G Eastern Region Planning
Smart Living . Green . Blue. Transport .

Live-stream Data Conneetivity

{i Pguplg
WIK IJ\. Vehicle
CIOU(I L Routes
Da
LREE Bmld

2l

Bayshore Residential District
{ East Coast)

Augmented Reality Park Experience

Connecting a wide variety of green, blue and play spaces creates an integrated netwvork
within the Eastern Coastal Park Connector Network (NParks). Can the revitalised and
increased recrcafional spaces develop inle a new typology of co-existence in the
"Publicliness” and 'Segregated” Public, Social Spaces in a Post-Pandemic nation?

If Singapore leverage Green Connectivity
Future Mobility (Park Connectors) in Digital Age -
A series of (ranslormations lollowing such a scenario

Research and Analysis
Category: Speculations
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0 SEA LEVEL RISE +
RAINFALL

Rasilience through the process of inundation
over timae
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0 4 SPECULATION + PATTERNS +

0 3 CURRENT STRATEGY +
SCENARIOS

CRITIQUE + COUNTER

“How much will it cost, to protect curselves “History is written, but culture and heritage
againsl rising sea levels?" constantly evolves™
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Identifying Areas for Intervention

Water Flow Diagram

Sea-Level Risge in Year 2100

Combined: Areas of Intervention
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EAST COAST MASTER PLAN

BEYOND 2100
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MASTER PLAN DEVELOPMENT
ACROSS TIME (YEAR 2050 - 2100)
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Timating of Migration and Dewrlopment
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0 9 EAST COAST BEYOND 2100:
MASTER PLAN AXONOMETRIC
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EAST COAST MASTER PLAN
BEYOND 2100 (INTERFACES)
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MASTER PLAN DEVELOPMENT
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Drawing 98: Mounds + Conservation
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