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WHAT Climate Change DO GLOBALLY?

6

Storm surges / 

extreme wave

Land & Ocean 

Temperature Change

Precipitation intensity change

Kelantan Floods: Dec 2014 & 

Jan 2015
Gunung Jerai Floods: 18 Aug 

2021

Sea Level 

Risedrought

Algal bloom

Coral bleaching

National Water Research Institute of Malaysia / Institut Penyelidikan Air Kebangsaan Malaysia

(Copyright 2021 NAHRIM. All rights reserved.)

Water Shortage

Waves Overtopping & Coastal Inundation

Melting Ice sheets & glaciers

High intensity & height of waves surges / storms 

• Surface Temperature rise by 1.85-

2.08C

• Severe dry spells projected to 

occur between 2025-2035

• Average annual precipitation projected increase by 14-25% in end of 21st

century

•Projected climate change impacts in Malaysia (updated in Nationally Determined Contributions - NDC)

• With increase in surface temperature & annual precipitation, 

will affect extreme event during monsoon (NE –Oct- March)

• Projected Increase by 0.71m to 0.74m in end 21st

century (AR5 RCP8.5 2100)

Climate Change is 
REAL



 contributions from the loss of mass glaciers, the

surface mass balance, the dynamic response of the

Greenland & Antarctic ice sheets melted and

changes in land-water (AR5, Church et al. 2013).

 also influences ocean currents (slowing) – if

massive amounts of very cold glacial-melt water

entering warmer ocean water

SCIENCE OF SEA LEVEL RISE (SLR)

National Water Research Institute of Malaysia,

NRECC

carbon dioxide and other greenhouse

gas emissions have raised

temperatures, even higher in the poles,

and as a result, glaciers are rapidly

melting

1.3 [0.6 - 2.1] mm yr–1

1.9 [0.8 - 2.9] mm yr–1

3.7 [3.2 - 4.2] mm yr–1

(1901 - 1971)

(1971 - 2006)
(2006 - 2018)

Indicator:

(year start – year end)

Mean [Lower - upper]

 Average rate of sea level rise (SLR):

Glaciers melting?

Anthropogenic – Global mean sea level (GMSL)

has risen,  0.2 [0.15 to 0.25 m] since early 1900s

(Industrial revolution)



National Water Research Institute of Malaysia,

NRECC

 NAHRIM has initiate its SLR study on 2009 based on AR4 & completed Malaysian 1st

SLR Projection on 2010

 2nd SLR projection based on IPCC AR5 (2013) & Special Report on the Ocean and

Cryosphere (SROCC) (2019)

 IPCC AR5, published in 2019 contains the latest understanding about SLR –

scenarios, methodology, datasets etc.

Completed An Updated Malaysian’s SLR Projection in 2023

2010: AR4 2017: AR5 2023: AR6

Sea Level Rise Projections (SLR) for Malaysia

SLR RESEARCH IN MALAYSIA



MEASUREMENT OF SEA LEVELS

● Tide Gauge (measuring daily tides variations) 

● Satellite altimeters (utilizing both radar and laser 

technology)

Source: https://earthobservatory.nasa.gov/images/147435/taking-a-measure-of-sea-level-rise-ocean-altimetry

Since 1992, four missions have repeated the same orbit every ten days: 

TOPEX/Poseidon (1992-2006), Jason-1 (2001-2013), Ocean Surface Topography 

Mission/Jason-2 (2008-2019), and Jason-3 (2016 to present). Source: IPCC

Source: NASA

 21 JUPEM tide stations, 6 stations located at Sabah, 3 at 

Sarawak & 11 at PM

 Trends estimate based on yearly time-series instead of monthly 

 the middle rate range sea level along Sabah coastal, 3.0-4.4 

mm/yr (TG), comparable to 4.7- 5.6 mm/yr (altimetry)

MALAYSIAN TIDE STATION
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 Based on latest IPCC AR6 (Chapter 9) with archived 6 CMIP6 model with best high accuracy (Ocean 25-100km,

Atmospheric 50-100km resolution)

 Seasonality (monsoon) & ENSO dominant (La Nina/El Nino)

 Shared Socioeconomic Pathways (SSPs) is a dataset for quantitative projections & related Integrated Assessment

scenarios - used alongside the Representative Concentration Pathways (RCPs) to analyze the feedbacks between climate

change and 4 factors (socioeconomic factors, world population growth, economic development & technological progress

SSP1 Sustainability – Taking the Green Road (Low challenges to 

mitigation and adaptation)

SSP2 Medium challenges to mitigation and adaptation

SSP3 High challenges to mitigation and adaptation

SSP4 Low challenges to mitigation, high challenges to adaptation

SSP5 High challenges to mitigation, low challenges to adaptation

Mitigation Challenges
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Salinity - decrease Current Speed - increase 

Wind Speed – slightly increaseSea level Pressure - increase 

 SST is expected to increase 0.5°C to ~3°C but salinity decrease with big drop value at Northern of Strait Malacca by

end of 21st century

 current speed - decreasing over the open water SCS, but increasing over the coastal area (eastern Johor)

MALAYSIAN’s SLR PROJECTION (AR6 IPCC)



 latest projections is higher than that in NAHRIM (2019) by about 0.1- 0.14 m rise. 

 On median value in 2100 by SSP5-8.5, SLR along Sabah coastal are in range 0.86m - 0.88m, 

0.84 – 0.85m along Sarawak while 
 MHHW (most likely annual event) – most of

the low-lying area & estuary will be inundate



National Water Research Institute of Malaysia,

NRECC

 changes & movement of the shore sediment budget due to changes in

hydrodynamic characteristic

Erosion & deposition

beach profile shifts landwards and upwards, taking material from the

shoreline and depositing it in the nearshore zone

 extreme SLR, allows extreme waves to crash closer to the coast, therefore

transmit more wave energy, encourages severe erosion

A) SHORELINE EVOLUTION 

Dec. 1985 Okt. 2010

Lok Kawi beach

Mei 2023 

-381m

-160m

Shoreline May 2023

Shoreline Oct. 2010

Shoreline Dec. 1985

-150m

WHY DO SLR MATTERS TO US?



National Water Research Institute of Malaysia,

NRECC

B) STORM SURGE (Pusuan Ribut) / Runup

• Wind fetch length - crucial factor in

building up the wind energy

• extend further inland & cause more

damage as water levels are higher &

nearshore steepness (runup) induces

scour & erosion

• Damages properties, loss of life

Pulau Gaya 14/7/22

Storm Surge / Runup

Scour/ erosion area

Start to Scour

 Additional impact of 

large waves and extreme 

high tides

 high intensity  & 

frequent, might affect on 

front toe scouring and 

damage of the coastal 

structure

scouring & sank of the 

coastal road at Terengganu

SL sets baseline for storm surge

- rising SL makes baseline shifted 

by allowing storm surges go 

farther inland, makes these area in 

risk of being  flooded



EARTH BUND BREACH

Breaching of earth bund at coastal area, allow sea water inundate inland area

Stagnant water- degraded soil quality in long term 

Kuala Selangor, 2022



 Flooding will occur in areas that don’t currently have flooding before

 Some area will become permanently flooded

 Affect & damage soil – quality decrease for agriculture

 paralyzing economic, transportation and logistics systems

 Health - Water diseases borne

 corrosion process - salt water damages property

National Water Research Institute of Malaysia,

NRECC

C) WAVE OVERTOPPING & COASTAL FLOODING

Inundation at Beluran

Bintulu, 2014

Kuching Waterfront, 2015





National Water Research Institute of Malaysia,

NRECC

 Rising seas reduce the size of mudflats, marshes & intertidal habitats - no upland

area is available for migration, these habitats will lost as sea level rise

E) SALT WATER INTRUSION

 Higher SL cause higher groundwater levels - increase in salinity

will contaminate ground water, harms wells, septic systems,

vegetations, reduces soil quality

 Might unlock nutrients from fertilizers, makes algae bloom &

when algae die, causing depleted oxygen levels, which can

result in harmful effects on coastal ecosystems and wildlife.

D) HABITAT  LOSS & DECREASES LAND AREA

cliff

P. Upeh, Melaka –losing turtle nesting area

Example of Turtle nesting struggling

Shoreline 2003

Shoreline Mei 2024
Turtle Nesting area

Nesting in gravel area – predator 

accessible (cant shovel ddep), broken 

eggs (crushed by a pile of stones)

Mangroves area - Pantai Wawasan  to Teluk Bakong, Batu 

Pahat

Shoreline 2009

Shoreline 2020



MODEL – STATIC & NUMERICAL
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 STATIC MODEL

 Early assessment of coastal hazards is undertaken through static modelling analysis, referred to as

‘bathtub’ method using a Geographical Information System (GIS)

 Easy to produce inundation risk maps for Malaysia shorelines under SLR scenario

 Consider only Digital Elevation Model (DEM) data/ topography

 NUMERICAL MODEL

 Comprehensive: Hydridynamic data (tide, current, bathymetry) + DEM data

 More complex: Simulation (MIKE 21 FM) & Calibration Model  Processed in GIS (Inundation Map

– Potential Risk)

 In progress

National Water Research Institute of Malaysia,

NRECC

State

Total area of inundation due to 

sea level rise

(RCP 8.5 for 2100) 

km2

Perlis 53.05

Kedah 661.30

Pulau Pinang 319.02

Perak 1,185.80

Selangor 1,545.60

Negeri Sembilan 40.60

Melaka 73.27

Johor 1,166.40

Pahang 108.09

Terengganu 237.89

Kelantan 81.80

Sabah 2,512.13

Labuan 10.64

Sarawak 1,299.34

TOTAL 9,294.93

Miri

Sarikei

Kuching



 Every 2-3 years, there will be highest tide occur along

Sabah’s coastal

DYNAMIC OF SEA LEVEL (Numerical Model)

Jul24=0.637m

Dec29=-1.067m
Jan25=-1.04m

= Coastal flooding

= Coastal flooding

Jun24=0.889m

Jan25=-0.83m

Aug24=0.938m

Dec28=-0.482m

Mar26=-0.328m

May35=1.111m

Draught

Flood

Miri -SabahKota Kinabalu Kudat - Sandakan Lahat Datu



LATEST EXTREME EVENT (STORM SURGES/RUNUP)

Kg. Forest, Sabah

 60% (static model) shown Tg. Aru Island inundate 

risk along -1m depth to 4m from MSL

 Maximum current speed can go up to 1m/s on north

Tg. Aru, Sabah

Village/ residents
Kg. Tinusa 2, Sabah

 Waves >1m height , cause 

damage to more fragile coastal 

infrastructure and buildings

through scouring & debris load 

impact & deposition

 Low-lying area (-3 to 5m MSL)

Drinking Horse, Jan. 2020

Miri, Sarawak



Saltwater Intrusion

Higher of SL with low upstream encourage salt water & current changes & move 

further to the inland

Rajang Case Study



National Water Research Institute of Malaysia,

NRECC

 Intensive aquaculture comes with 

environmental drawbacks

 residual production effluent - major 

source of pollution & can degrade 

water quality in the surrounding 

ecosystem

-increase the phosphorous & nitrogen 

load (algae bloom) in the water 

(oxygen depleted), harm the 

surrounding environment)

COASTAL WATER POLLUTION



Resilience

• the ability of communities, 

ecosystems, and infrastructure to 

withstand and recover from the 

impacts of rising sea levels.

Mitigation

• Tackle to reducing the causes of 

climate change, which contributes 

to sea level rise

Adaptation

• Making adjustments to social, 

economic, and environmental 

practices to minimize the risks 

posed by rising sea levels









The Problem of Statements:

• Frequency and magnitude of extreme weather

• Caring for patients during and after disasters (flood)

• No clean drinking water for patient (saltwater intrusion)

• Less guidance for developing comprehensive adaptation strategies 

for health care systems

• Healthcare facilities contributes to co2 emissions due to energy intensive

24 operation services and high demand on natural resources (energy, 

water and food procurement)

• Emergency management: status of healthcare services to sustain 

adversity risk of sea level rise

• Determining vulnerability to the health impacts of flooding is complex

• Across Southeast Asia, about 64 million people live within 5 meters (16.4 

feet) above sea level. 





ADAPTATION 1) Protection on Coastal Structure/ infrastructure

Protection

• Maintaining the existing shoreline due to the significant 

land use within the zone, as long as structural integrity 

and stability are not affected

Sea wall at Sandakan Jetty, 2012

Rock armour, Sabah Electricity SB area, 2012

ACTION/ ADJUSTMENT TO ADAPT WITH SLR

Penampang monsoon drain, 2021
• use hard structure to 

protect shoreline (i.e

revetments, groynes, 

offshore 

breakwaters, artificial 

headlands, and 

protective beaches or 

provide enough 

monsoon drain)



Contd. Protection on Coastal Structure/ infrastructure

GUIDELINE ON SEA LEVEL RISE (SLR) & ADAPTION FOR MALAYSIA 

(NAHRIM, 2023) 

 designing structures considering safe threshold levels for coastal 

structures as an adaptation to SLR

 appropriate design elevation or height above current SL -

ensuring long-term resilience.

 provide flood protection against increased storm surge and 

coastal flooding due to higher sea levels - resist and mitigate 

floodwaters

 involve considering the rate of shoreline erosion and 

establishing setback distances/ buffers to account for future 

shoreline changes

 Safe threshold levels for coastal infrastructure adaptation to 

SLR encompass enhancing the overall resilience of the structures.

 crucial to engage with local communities, stakeholders, and 

experts to incorporate local knowledge, values, and concerns



ADAPTATION - 2) Accommodation 

Mabul Jetty

Resort at Mabul

• Continuous usage of land in the dangerous area without protecting it 

but elevating building and raising the platform

Village in Muara Tebas, Sarawak

Stamin River Jetty at Lundu



ADAPTATION

a) Mangroves are resilient to SLR.

• SLR - cause increase in mud-flat levels at mangroves.

• roots - adapt to increase in mud-flat levels, since the rate 

of increase is slow, thus new trees can colonize new 

mudflats.

- 3) Nature-based Solution (NBS)/Ecosystem-based 

Adaptations (EbA)

d) Dunes

• The dunes act as natural reservoirs - help to replenish the 

beach profile during extreme wave conditions

• Vegetation will trap this sand movement and cause the 

dunes to build up.

b) Casuarina Tree (Rhu)

• A very effective sand-dune stabiliser and 

for preventing coastal erosion.

• Can contributes for tourisms

Mangroves at Kg. Forest shoreline

c) Beach Nourishments/Sand motor
• the practice of adding sand or sediment to 

beaches to combat erosion and increase 

beach width.

• The process involves dredging material 

(sand, gravel, small pebbles) from a source 

area (offshore, near-land or inland) to feed 

the beach where erosion is occurring.

20232009 2010

Myk. Beku, Johor

Replanting or Restoration: 



ADAPTATION - 4) Retreat/ Relocate/ Move to Higher Ground

Highest Area at Perhentian Island, Terengganu 

Langkawi Island 

Gaya Island, KK 



NO ADAPTATIONS – DO NOTHING?

Coastal inundation – suitable topographic area
Affect on the local community’s income/ sources 

Affect on development area/ villagers houses/ life treat

Inundation at Beluran

Gone valuables tourism area

Flooding on the road at Batang Lupar, Sarikei, Sarawak 



Compliance With Existing Local Laws, Legislations And 

Policy

ACTIONS: 
law/ 

legislation/ 
policy

Community 
Engagement

Compliance 
with EIA 

Requirements

Conservation 
Coastal 

Ecosystems 
& Building 
Resilience

National 
Climate 
Policy & 

Legislation

Land Use Legal 
Framework , 
Coastal Zone 

Management Plans 
& Adherence to 

Land Use 
Regulations

Local Climate 
Action Plans, 
Adaptation 

Strategies & 
Disaster 

Management

Notification 
and Permitting 
& Enforcement 

and Legal 
Recourse

 local communities & 

stakeholders - raise early 

awareness & decision-

making 

ensure developers 

adhere to the EIA 

process- assess 

impacts & potential 

effects (project), 

MUST implement 

mitigation measures 

Property owners-Crucial 

& essential protecting & 

compliance with 

regulations to conserving 

coastal ecosystems 

(mangroves & wetlands) 

to mitigate the impacts of 

SLR

enforce laws & regulations

rigorously by local Authorities,

in obtaining permits &

proper notification before

undertaking certain activities

have climate action plans,

develop & implement

adaptation strategies for

vulnerable coastal areas

(stuctures & early warning

systems) – All should

engage with these plans &

support implementation

for emergency response

Establish clear legal frameworks,

compliance in guide development

& taking into account SLR &

coastal hazards, comply land use

regulations & zoning

ordinances, building codes by

restricted & mandate the use of

elevated structures/ resilient

materials that can withstand SLR

Malaysia has developed a National

Climate Change Policy (NCCP) to

address climate change impacts,

including SLR - essential for various

government agencies, should

actively implement and enforce

these policies



Agencies & Legislation

Source: PLANMalaysia

Agencies that has involved with the 

coastal management & its act

List of the legislation related to 

the Coastal management



MALAYSIA’S SLR PROJECTIONS – ADAPTATION, 

PLANNING /COASTAL MANAGEMENT

 Refer to GUIDELINE ON SEA LEVEL RISE (SLR) ADAPTION FOR

COASTAL DEVELOPMENT (NAHRIM, 2023)

 Accounted designing coastal structure/ development with 5

considerations & focus designing that withstand the impacts and

associated coastal hazards

 Adaptation should go the ‘adaptation pathways’ (dynamic approach)

and priority considered on necessary on local condition (Adapt to risk)

Communities engagement, local Action Plans & Disaster Management

MUST have strong / essential to refer to policy, legislations & EIA

Requirements/ guideline regarding climate change & SLR which

compliance coastal development with legally framework (zoning &

landuse), local laws & regulations



webmaster@nahrim.gov.my

03-8947 6400

Lot 5377, Jalan Putra Permai, 

Rizab Melayu Sungai Kuyoh, 

43300 Seri Kembangan, Selangor

THANK YOU

https://www.nahrim.gov.my/men

genai-nahrim/pkbm/pusat-

kajian-pantai-dan-oseanografi/

https://www.nahrim.gov.my/

Long 101.685071°,

Lat 3.001500°


