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Modelling Approach in Assessing and Predicting the 
Trajectory and Spatial Distribution of Floating Plastic Debris 
in Coastal Water of East Coast Peninsular Malaysia 

M A Azman1, M Z Ramli2, H-B Goh3, Z Zainol4 

1Department of Marine Science, International Islamic University Malaysia, 
Malaysia 
2Institute of Oceanography and Maritime Studies (INOCEM), International 
Islamic University Malaysia, Malaysia 
3Global Water Consultants Sdn Bhd, Malaysia 
4Institute of Oceanography and Environment (INOS), Universiti Malaysia 
Terengganu, Malaysia 
Corresponding author’s email: mzbr@iium.edu.my 

Abstract. Marine debris issues have been one of the major problems that every nation is facing around the world 
Several studies have reported the accumulation of marine debris both in Peninsular and East of Malaysia in terms 
of its distribution on different places, temporal and seasons effect and the major debris type found on Malaysian 
coastline. However, the study on route and trajectories of floating debris in Malaysia remains to be 
accomplished.   A numerical approach could be a better view and improve our knowledge on the behaviour and 
fate of marine debris in our coastline. Particle tracking model was used to provide 1) the possible sources of 
floating marine debris, 2) the distribution of floating marine debris during different seasons, and 3) the trajectory 
of marine debris released from our coastline. We use the Lagrangian ocean analysis tool, OceanParcels software 
as our main framework to simulate and model the particle integrated with ocean circulation model from the 
GOFS 3.1, a reanalysis ocean model by Hybrid Coordinate Ocean Model (HYCOM) and Navy Coordinate 
Ocean Model (NCODA). Particle tracking model and limited in-situ observation data shown a good agreement 
in terms of validation and results. Results illustrate several possible hotspots of accumulation and sources of 
floating marine debris along East Coast of Peninsular Malaysia. 

Keywords: marine debris, plastic, numerical modelling, malaysia 
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Study Background

Malaysia is one of the top 
ten countries responsible 
for mismanaged plastics 
that ended in the ocean.

Malaysia is the top plastic 
consumer in Asia at a rate 

of 56 kg/capita/ year

East coast of Peninsular 
Malaysia is expose to the 
intense wave currents and 
tides from the South China 

Sea.

There are no proper study 
have been conducted to 
simulate the mismanaged 

floating marine debris that 
had been released from 

rivers. 

This study focused on 
assessing the trajectory of 
marine debris along East 

Coast of Peninsular 
Malaysia.

An effective Lagrangian 
transport of marine debris 
may provide an effective 
mitigation to overcome 

marine debris problem in 
Peninsular Malaysia.



Most of debris found in 
water body and beach is 

plastic. 

East Coast of Malaysia is 
greatly affected various 

mechanism including 
changes of wind, current 

and wave magnitude 
during different 

monsoonal seasons.

Observations of the 
source, pathways, 
distributions and 

composition of marine 
plastics are sparse and 

inaccurate.

Marine debris 
accumulation can be 

assessed by field survey 
sampling, but it could not 
give better view on its 
path, trajectory during 

different seasons.

Problem Statement



To use numerical modelling method in predicting the trajectory 
of debris particle and identifying the hotspot of marine debris 

accumulation for providing effective mitigation plan for 
reducing marine debris pollution

Study the trajectory and origin of 
floating marine debris from each State 
in East Coast of Peninsular Malaysia.

To understand the seasonal 
differences in floating debris 

motion and distribution.

Main Objectives of the Study



METHODOLOGY

OceanParcels

•Develops Parcels (Probably A 
Really Computationally 
Efficient Lagrangian
Simulator)

•A set of Python classes to 
customize the particle 
simulation using Ocean 
Circulation Model.

Particle Tracking 

Model

Data Input

Forcing Input
•Parcels compatible with multiple 

forcing input such as density 

current, stokes current and tidal 

residual currents.

•GOFS 3.1 reanalysis HYCOM 

+ NCODA was used with 1/12˚ 

resolution.

•Current, Stokes drift current and 

barotropic tidal current were 

used utotal=uo + ustokes + utide



Particle Release Location

•Particle Tracking Model was run 
for 3 Years

•Particle was set to release on 
every major river for every state 
in East Coast of Malaysia.

•Particle was advected using 
Runge-Kutta 4th particle dynamic.



RESULTS AND 
DISCUSSION



Marine Debris Distribution and Backward Particle Tracking for 3 Years

• Most of floating marine

debris will settle on east coast 

States.

• Debris tend to accumulate on 

Gulf of Thailand.

• Debris from East Coast of 

Malaysia move towards the 

South China Sea and 

accumulate due to occurring 

eddies.



Floating Marine Debris Backward Particle Tracking for 3 Years

• Most of debris mainly 
originate from local coastline 
which are from Pahang and 
Terengganu Coastline.

• Some of debris originate 
from East Vietnam Sea, 
Songkhla and Pattani Coast 
from Thailand.



•Debris distributed 
towards Malacca Strait 
during NEM.

•Most of debris beached 
on East Coast.

•In NEM, strong winds 
from the north caused 
southward current and 
carried debris to the 
western Peninsular 
Malaysia.



•Most of debris was drifted 
towards South China Sea during 
SWM.

•In SWM, the winds from the 
southeast force water mass and 

subsequently debris northward.

•This pattern can be seen by the 
higher concentration of debris in 
the South China Sea and off the 
coast of Thailand.

•Anticyclonic eddies also occur in 
this area in which the occurrence 
of eddies depends on the 
monsoon (Noir et. al., 2021) 



• The virtual particles in this 
simulation represent highly ideal 
marine debris floating near the 
surface

• Marine debris ended up on East 
Coast of Peninsular Malaysia 
that mostly originate from local 
area and some from other 
regions.

• Marine debris path during
different seasons are different 
due to current changes.

Conclusion
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