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Prolonged heatwaves in North
America and in Europe; massive
wildfires in California andin Athens,
Greece; debilitating droughts seen
over New South Wales in Australia;
and the extreme rainfall causing
massive floods in Kerala, India. This
summer has seena spate of destruc-
tive extreme weather worldwide
and has led some to consider if cli-
mate change is a factor for these
events happening.

As recently as five years ago, at-
tributing a link between climate
change and extreme weather was a
difficult task. However, this method
isnow significantly more robust. Sev-
eralextreme weather types can be at-
tributed directly to climate change
arising from human activities
through carbon dioxide and other
greenhouse gas (GHG) emissions.

For instance, the Northern Euro-
pean heatwave this summer was
two times more likely to occur with
present-day climate, compared
with a scenario in which humans did
notalter the global climate.

When considering costly dam-
ages arising from extreme weather
elsewhere, one common view is
that Singapore is “lucky” to not ex-
perience these impacts directly.
‘While we should acknowledge our
fortunate geography (for example,
our equatorial location means ty-
phoons are very unlikely to happen
here), we still are exposed to sev-
eral hazardous climate impacts.

As global GHG emissions con-
tinue to rise despite political
pledges from the 2015 Paris Agree-
ment, it would be timely to recon-
sider how vulnerable Singapore is to
present and future climate change
impacts. There are three of note.

HIGHER TEMPERATURES

In the short term, we will feel the
heat of climate change from in-
creases in average temperatures.
Thirteen out of the past 15 years
have been the warmest in Singa-
pore’s historical record since 1929,

In recent years, days when maxi-
mum temperatures exceed 34 deg
C and nights when minimum tem-
peratures exceed 26 deg C have
beenmore frequent.

Depending on future global GHG
emission levels, climate modelling
by the Meteorological Service Singa-
pore projects further average tem-
perature increases of between 1.4
deg Cand 4.6 deg C, as well as more
frequent warmer days and nights
by 2100.

These temperature changes are
due to larger-scale GHG emissions
and the local “heat island” effect di-
rectlyresulting from Singapore’s ur-
banisation. Replacing Singapore’s
natural forests and mangroves with
buildings and other infrastructure
results in built-up surfaces retain-
ing or producing considerable
amounts of heat. At night, the differ-
ence between downtown Singa-
pore and forests in Lim Chu Kang
canexceed 7 deg C,

Warmer temperatures have sev-
eral direct impacts, such as outdoor
thermal discomfort and increased
likelihood of heat stress injuries,
andindirectimpacts from increased
use of air-conditioning that are
largely powered by non-renewable
energy sources inSingapore, thus in-
creasinglocal GHG emissions.

How can we reduce our vulnera-
bility to heat? We cannot depend

on natural variations in climate,
such as the odd cold spell that hap-
pened in January, to regularly solve
this problem.

Instead, integrated climate-sensi-
tive urban design involving multi-
ple stakeholdersis one way forward
toreduce our heat vulnerability.

To this end, the Cooling Singapore
initiative has an illustrative guide of
heat island adaptation methods,
such as maximising shade, enhanc-
ing natural wind flow and increas-
ingurban green spaces.

CHANGING RAINFALL PATTERNS
Unlike the temperature, Singa-
pore’s average total annual rainfall
of about 2.4m has not changed sub-
stantially in the long-term record
since 1869.

In future, climate change isnot ex-
pected to alter total annual rainfall
for Singapore. However, in the
medium term of the next 30 years,
changes to rainfall patterns, both in
the excess and lack thereof, will be
anissue.

First, intensities and frequencies
of local rainfall events have signifi-
cantly increased over the past 30
years. Second, periods of meteoro-
logical drought, in which monthly
rainfall is consistently below aver-
age, have recently been more in-
tense for Singapore and Johor.

These prolonged dry periods often
coincide with strong El Nino events
which make South-east Asian
weather hotter and drier. Worry-
ingly, recent studies also indicate
stronger El Nino episodes are more
likely to occur due to climate change.

Periodic local flash floods aside,
national water agency PUB has
been immensely successful inreduc-
ing Singapore’s vulnerability to rain-
fall extremes, especially given ex-
treme flooding occurring elsewhere
recently. Enforced water rationing
from drought has not occurred in
Singapore for more than 50 years,
thanks to effective PUB policies.

Singapore, however, still imports
about half of its daily water supply
from Johor. A prolonged El Nino
episode, potentially strengthened
by climate change, could lead toare-
peatoflowwater levels in the critical
Linggiu Reservoir such as in 2016.

While the Republic can adapt to
drought by ramping up Newater
and desalination production, these
technological approaches are eco-
nomically and environmentally
costly. Water produced by these
methods is considerably more ex-
pensive than imported water, and
also energy intensive.

While there is justified confi-
dence that technological advance-
ments in desalination and Newater
will lead to cost decreases, a more
prudent and immediate drought
adaptation approach is to reduce
water use through changing con-
sumption behaviour.

Water use in Singapore is still
highrelative to other cities, and sev-
eral of my colleagues from the Na-
tional University of Singapore point
out that individual and commercial
water demand can be lowered tore-
duce droughtvulnerability.

This demand-side approach can
be effected through consumer
awareness of these water costs or
with reasonable and judicious in-
creases in water tarifts.

An additional, and unwelcomed,
ElINino-related regional climate im-
pact is that it enhances conditions
in which South-east Asia wildfires
canoccur and rapidly spread.

The local devastation from fires
within Sumatra and Borneo in 2015
was catastrophic. Given the right
wind direction, smoke particulates
from wildfires in Borneo and Suma-
tra can reach Singapore as trans-
boundary haze.

While commendable cross-bor-

People sunbathing in Ovca, near Belgrade, as a heatwave sweeps across Europe (left), and firefighters battling the biggest wildfire in California's history last month.
This year has seen a spate of destructive extreme weather worldwide, PHOTOS: AGENCE FRANCE-PRESSE

Other examples of destructive extreme weather that ha
Wales, Australia (right). PHOTOS: AGENCE FRANCE-PRESSE, EPA-EFE

ppened this year include the

A map depicting Singapore's climate zones provides a research framework for urban heat island studies under the Cooling Singapore project. Replacing natural forests
with buildings results in built-up surfaces retaining or producing heat. PHOTO: DR MUHAMMAD OMER MUGHAL, COOLING SINGAPORE PROJECT

der preventive action within Asean
has arguably lowered wildfire and
haze risks since 2015, such efforts
have occurred in the absence of El
Nino conditions.

The effectiveness of these adapta-
tion measures will be tested when
ElNino events occur again.

Waterusein Singaporeis
still highrelative to other
cities, and several of my
colleaguesfromthe
National University of
Singapore point out that
individual and commercial
water demandcan be
lowered toreduce drought
vulnerability.
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RISING SEAS AND MELTING ICE

The last and most severe climate im-
pact Singapore faces in the next 50
years and beyond is sea level rise.
This is caused by thermal expan-
sion of sea water volume and from
melting land ice,

The average sea level around Sin-
gapore’s coasts has risen steadily at
arate of between 1.2mm and 1.7mm
per year, and is projected to in-
crease to about Im by 2100.

Even though the magnitude of
these increases may appear to be
minute, sea level rise is the most se-
vere climateimpact for two reasons,

First, future projections have con-
siderable uncertainties about the
melt rates of land ice in regions
such as Greenland. We are certain
that if the massive Greenland ice
sheets completely melt, global sea
level would rise about 7m.

What we are uncertain about is
therate of glacial melt. Current mea-
surements in Greenland strongly
suggest that melt rates are vastly un-
derestimated, and ongoing re-
search there suggests that acceler-
ated sea level rise, perhaps more
than 1m by 2100, could happen. In-
deed, the rate of global sea level rise
since 2012 has jumped to 4.5mm
peryear.

Second, while Singapore has pre-
emptively effected coastal policies
for adapting to rising sea levels
such as by raising minimum land
reclamation height from 3m to 4m
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above mean sea level, neighbouring
areas that Singapore depends on
for its survival are significantly
more vulnerable torising waters.

Low-lying rice fields in Thailand
and Indonesia are important re-
gions for Singapore’s food supply,
and the capacity to adapt to sea level
rise in these countries is either ineffi-
cientorlacking.

Furthermore, numerous people
living in neighbouring coastal settle-
ments could be permanently dis-
placed by rising waters. The socio-
political effect and consequences
of these climate refugees in this re-
gionare as yet unknown.

MITIGATION AND ADAPTATION

Clearly, Singapore’s present climate
change adaptation has been success-
ful in staving off the worst impacts
we have seen elsewhere. Yet, itis in-
creasingly clear that adaptation by it-
self has a limit in reducing Singa-
pore’s vulnerability to climate
change, especially with sea level rise.

Sowhat can be done?

Mitigation of GHG emissions is
sorely needed, in keeping with the
Paris pledges, in Singapore and else-
where.

While this current year of climate
action hasled to undoubted and im-
portant increases in local aware-
ness, it has also seen the belated an-
nouncement of a Singapore carbon
tax of $5 per tonne of GHG emis-
sions, to be implemented next year.

This tariff will eventually triple by
2030, and is aimed at encouraging
more efficientuse of non-renewable
energy.

Encouragingly, initial carbon tax
revenues will primarily be used for
renewable energy innovations and
transformation of emission-inten-
sive local industries.

Time will tell if the efficacy of Sin-
gapore’s mitigation efforts will
work, and more can and should be
done given the urgency of climate
changeanditsimpacts. Butitis un-
doubtedly a solid start towards re-
ducing local carbon intensity and
total emissions per Paris.
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