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The Marine Environment in Perspective
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Climate Change Resulting in Warming 
Seas

• Globally averaged sea surface temperature 
between 1900 to 2018:

• warming of 0.62 ± 0.12°C per century
• The 10 warmest years on record have all 

occurred since 1997, with the 5 
warmest occurring since 2014

• Recent decade (2009–2018) shows a 
rate of warming approximately four 
times higher (2.56 ± 0.68°C per 
century) than the long-term trend (0.62 
± 0.12°C per century)

Consequence of warming seas:
• Correspond to an uptake of over 90 per cent 

of the excess heat accumulated in the 
Earth system

• Marine species distributions are shifting to 
the poles

• Increase frequency and intensity of coral 
bleaching events

• Reduced ability for tropical ecosystems to 
provide ecosystem services, including food 
and coastal protection

© Guest et al., 2016



Climate Change Resulting in Ocean 
Acidification Consequence of Ocean Acidification:

• Reduce the ability of calcifying marine organisms 
like corals and shellfish to form calcium carbonate 
shells and skeleton

• Lower fitness in species, possible cascade effects 
impacting the food chain

• Global surface ocean pH has declined by ~0.1pH 
units since pre-industrial times; a 30% increase in 
acidity

• Ocean pH is projected to decline approximately by 
an additional 0.2–0.3 pH units over the next 
century unless global carbon emissions are 
significantly curtailed

• The recent rate of change is likely unparalleled in at 
least the past 66 million years



Climate Change Resulting in 
Deoxygenation

Consequence of Deoxygenation:
• Increase prevalence and frequency of hypoxia 

and creation of dead zones
• Loss of biodiversity, biomass and reduced 

environmental resilience

• The global O2 budget has decreased by 2% 
since 1960

• Warming ocean decrease O2 solubility in the 
uppermost water layers from air-sea gas 
exchange

• Accelerating warming and anthropogenic 
drivers will exacerbate deoxygenation in 
coastal areas
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Climate Change Resulting in Sea Level 
Rise (SLR) Consequence of SLR:

• Significant threat to coastal systems and to 
low-lying areas around the world through 
inundations and erosion of coastline

• Previously rare extreme sea level events will 
become common by 2100

• SLR will continue for centuries, even if 
mitigation measures for greenhouse gases are 
put in place now

• Limited option for retreat for island nations
• Coastal habitats maybe able to “grow” 

with SRL, if not compromised by other 
climate stressors*

• Since 1993, the global mean SL has been rising at 
a mean rate of 3.15 +/- 0.3mm per year, and 
accelerating by ~0.1 mm/year2

• In 2010, the global average SL was 52.4mm above 
the 1993 level; in 2018, increased to 89.9mm

• Caused by thermal expansion from a warming 
ocean with melting ice 

• Strong regional variability in rates of sea level 
change; fastest in the Indo-Pacific, NW Pacific and 
Subtropical North Atlantic

© Wong Poh Poh © ST



Impacts of SLR on Coastal Habitats
A deficit between tidal marsh and 
mangrove adjustment and RSLR is likely at 
4 mm yr−1 and highly likely at 7 mm yr−1 of 
RSLR. 

As rates of RSLR exceed 7 mm yr−1, the 
probability that reef islands destabilize 
through increased shoreline erosion and 
wave over-topping increases.

Increased global warming from 1.5 °C to 
2.0 °C would double the area of mapped 
tidal marsh exposed to 4 mm yr−1 of RSLR 
by between 2080 and 2100. 

With 3 °C of warming, nearly all the 
world’s mangrove forests and coral reef 
islands  and almost 40% of mapped tidal 
marshes are estimated to be exposed to 
RSLR of at  least 7 mm yr−1. 

© Saintilan et al., 2023



Coastal Protection from Natural 
Coastlines

Evolutionarily, biogenic habitats provide 
key natural coastal defenses

• Healthy coral reefs reduce wave energy 
by up to 97 percent

• A 100-meter-wide belt of healthy 
mangroves can reduce wave heights 
between 13 and 66 percent, and up to 
100 percent where mangroves reach 
500 meters or more in width





Climate and the Coast – Retreat is Not an 
Option

As a low-lying, small island nation, 
Singapore is especially vulnerable to 
SLR and climate-induced extreme events 



How will Climate Change Affect our 
Coast?

• Heavier and more frequent storms can 
compound coastal and inland flooding

• Coastlines will be increasingly eroded with sea 
level rise and storms

• Increase in mass coral bleaching events

• Singapore’s coastal ecosystems are general 
resilient but the highly urbanized coastline will 
impede the ability of existing wetlands to 
migrate landward, a key mechanism to cope 
with SLR

• However slower rates of SLR in the earlier 
half relative to the latter half of this 
century, bolstered by the resilience of 
existing ecosystems, present an opportunity 
to introduce interventions that could 
ameliorate coastal degradation in the long term 
(Nhung et al., 2022)



Changing Coastlines, Changing Baselines

• Population: 5.69 million
• Population density: ~7810/km2

Year Est. Land 
Area (km2)

Total % 
increase

% decadal 
increase

1819 578 0 0

1960 581.5 0.6% 0.6%

1980 617.8 6.9% 6.3%

1990 633 9.5% 2.6%

2000 682.7 18.1% 8.6%

2010 720 24.6% 6.5%

2020 728.3 26.0% 1.4%

(www.data.gov.sg)



Changing Coastlines, Changing Baselines



Changing Coastlines, Changing Baselines



Nature-Based Solutions (NbS) to Promote 
Coastal and Marine Ecosystem Resilience

• In March 2022, the 5th United Nations Environment 
Assembly formally adopted the definition of NbS as:

“actions to protect, conserve, restore, sustainably use and 
manage natural and modified terrestrial, freshwater, coastal and 

marine ecosystems which address social, economic and 
environmental challenges effectively and adaptively, 

while simultaneously providing human well-being, 
ecosystem services, resilience and biodiversity benefits”

• Emphasizes the importance of working with nature to 
tackle societal challenges by producing benefits to 
biodiversity and human wellbeing

• NbS cover a wide range of approaches, encompassing 
both structural and non-structural options



Benefits of NbS



Taking a Page from Nature’s Blueprint

© Ruckelshaus et al., 2020. Harnessing new data technologies for nature-based solutions in assessing and managing risks in coastal areas



What kinds of coastal NbS may work for 
Singapore? 

• Singapore has limited land and sea space; 
little room to advance or retreat

• Soft NbS alone to prevent coastal inundation 
(e.g. sand dunes) not feasible due to high 
land-take required

• Most NbS for protection against inundation 
will be hard or hybrid eco-engineering 

• Seawalls where there are critical assets or 
minimal land availability, and softening to 
add recreational and ecological value

• Hybrid systems for recreational areas e.g. 
beach berms with seagrass lagoons and 
offshore artificial reefs

• Soft NbS (e.g. mangroves) can still mitigate 
erosion, with hard edge inland to prevent 
inundation 



Examples of (unintended) NbS 
implemented in Singapore



A Guide to Implementing Coastal NbS for 
Singapore



Singapore’s NbS Implementation 
Framework



Mainstreaming NbS through Outreach, 
Education & Capacity Building

Chee et al., 2022. Enhancing Uptake of NBS for Informing Coastal Sustainable Development 
Policy and Planning-A Malaysia Case Study

• Outreach, education and capacity 
building programs to increase 
awareness and increase success of 
NbS efforts

• Jurisdictions, legislations, and 
regulations will be required and 
standardized to avoid the “fish ball 
stick” effect 

• Long-term, sustained monitoring 
required to monitor NbS 
implementation success

• Existing policies should be 
strengthened and made more 
inclusive of NbS

• Communication and collaborative 
efforts among all stakeholders should 
be strengthened to best use 
resources and facilitate stewardship

• Funding for NbS schemes should be 
sufficient and consistent
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