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THE MOVEMENT OF PLASTIC MARINE DEBRIS IN INDONESIAN SEAS USING A 
TRAJECTORY MODEL
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ABSTRACT

There are many studies on ocean currents transporting plastic marine debris using hydrodynamic models and 
trajectories that have been carried out. However, it is still constrained to be applied in Indonesian waters. Therefore, this 
research aims to obtain the movement patterns of plastic marine debris, influenced by the dynamics of currents in Indonesian 
waters using hydrodynamic and trajectory models. The methodology used in this research is to use the Hamburg Shelf Ocean 
Model (HAMSOM) numerical model and the trajectory model. Plastic marine debris is assumed to be conservative particles 
at sea level with a macro size (2.5 cm-1 m). The particles are released in 6 coastal cities (Manado, Balikpapan, Makassar, DKI 
Jakarta, Semarang, and Denpasar) at the month and stop at the end month (January, April, July, October). The results showed 
that particles originating from 6 coastal cities moved along the current to the surrounding areas only, across islands within the 
Indonesian territory, and even left Indonesian territory. 
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INTRODUCTION

Marine debris is defined as waste from materials 
that have been created or used by humans and are 
intentionally disposed of or accidentally carried from 
land to sea or coast through rivers, sewage systems, 
and wind. This definition of marine debris does not 
include semi-solid remains (e.g., minerals and 
vegetables, kinds of paraffin, and chemicals that 
sometimes enter the ocean and beaches) (Coe & 
Rogers, 1997; Galgani, 2010). Sources of marine 
debris can be classified into marine debris originating 
from beach tourists, fishers, the mainland, industry 
(NOAA, 2015). Types of waste can be distinguished by 
size, namely: mega (> 1 m), macro (2.5 cm-1 m), meso 
(0.5-2.5 cm), micro (0.33-5.0 mm), nano (< 1 m) 
(Lippiatt et al., 2013).

One of the most significant contributors to marine 
debris in the marine environment is plastic. Its number 
is increasing due to its persistence and impact on the 
oceans, wildlife, and humans (Thompson et al., 2009). 
The amount of plastic marine debris that enters the sea 
can be influenced by several factors, namely the 
number of outputs carried by rivers, population density, 
and maritime activities. In addition, when plastic marine 
debris reaches the sea, the current has an influential 
role in spreading plastic marine debris.

Research on the role of ocean currents in 
Indonesian waters related to plastic marine debris has 
not developed much and is still limited. The author 
considers it very important to conduct research related 
to the plastic marine debris footprint by using a 
simulation model of ocean currents in Indonesian 
waters. Therefore, this study aims to examine the 
distribution of plastic marine debris in Indonesian 
waters. In this study, the authors no longer study the 
local distribution of plastic marine debris but more 
regionally (covering all Indonesian waters).

METHODOLOGY

Hydrodynamic Model Design
The research method involves the numerical 

modeling of HAMburg Shelf Ocean Model (HAMSOM) 
hydrodynamics, developed by Backhaus (1983, 1985). 
This is a three-dimensional (3D) baroclinic 
hydrodynamic model verified in Indonesian waters 
(Putri, 2005; Putri et al., 2017; Anwar et al., 2017; 
Anwar et al., 2018). Furthermore, the simulation has 
previously been performed for a year (2013) under 
normal conditions (not influenced by El-Nino Southern 
Oscillation/ENSO) (Huang et al., 2017).

The bathymetry data input was processed directly 
from the world map obtained from the Shuttle Radar 
Topography Mission (Jarvis et al., 2008). Each 
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horizontal size dx, dy of 6 minutes (1/10°), dz by 20 
vertical layers, and dt by 180 seconds. Furthermore, 
tidal data are used to generate force at the model 
area’s open boundary. It was obtained from the Oregon 
State University Tidal Prediction Software (OPTS) 
global model (Egbert & Svetlana, 2002), with a 
horizontal resolution of 1° x 1°. The atmospheric 
parameters used as input include average sea level 
pressure, air temperature, specific humidity, total cloud 
cover, wind, and precipitation levels, obtained from the 
National Center for Environment Prediction (NCEP). 
Monthly temperature and salinity data with quarter 
degrees (represent the world as 1440 x 720 quarter-
degree longitude/latitude boxes) are obtained from the 
World Ocean Atlas (WOA) (Locarnini et al., 2013; 
Zweng et al., 2013). Furthermore, the atmospheric 
parameter, temperature, and salinity data were 
captured into the domain model to be used. One of the 
outputs of this hydrodynamic model is ocean currents, 
and then this current data will be used as input in the 
trajectory model. In the trajectory model, plastic waste 
is assumed to be conservative particles that do not 
undergo degradation, biodegradation, or mineralization. 
Therefore, this model only simulates the trajectory of 
particles in the surface layer.

Trajectory Modeling
The Lagrange method is used in the particle 

trajectory model, an approach method used to review 
fluid motion as the motion of a fluid parcel in a flow 
(Bowman et al., 2013). In this study, the particle 
trajectory model was adapted from the model used by 
Mayer (1995) by only observing the advection force on 
the horizontal surface to track the traces of floating 
plastic marine debris in Indonesian waters. The tracking 
of plastic marine debris will be carried out with a forward 
trajectory. The velocity field equation used in this model 
in the trajectory simulation (Equation 1).

 ...................................... 1)

The displacement of the particle from x1 to x2 can 
be calculated using the equation dx=u(x)dt, where u(x)
is the velocity at the western boundary of the box (ub) 
where the particle is located plus the particle distance 
from the western boundary of the box (x) multiplied by 
∂u/∂x.

 ................................................ 2)
The equation dx=u(x)dt is integrated to obtain the 

displacement of the particle from x1 to x2.



 ..................................................... 3)

The integral result of the above equation is shown 
by Equation 4.

 ............................... 4)
Data of Waste

Waste data is used as input in running the path 
model. Waste data was obtained from the World Bank 
Group, the Coordinating Ministry for Maritime Affairs, 
and the Embassy of Denmark (2017), namely waste 
data from major cities in coastal areas of Indonesia, 
such as Manado, Makassar, Balikpapan, DKI Jakarta, 
Semarang, and Denpasar. These cities were selected 
as inputs for plastic marine debris to represent 
Indonesia’s coastal areas through flow and monsoon 
currents. The data used is only 80% of the total plastic 
waste on land (Jambeck et al., 2015; Windom, 1992 in 
Krelling et al., 2017). Therefore, plastic marine debris, 
which is assumed to be particulate matter, will be 
distributed in the six big cities. The particle assumption 
is that one particle is equivalent to 1 kg m-3 (Table 1). 

The simulation of the particle trajectory model in 
Indonesian waters is carried out using the trajectory 
model. Particles are released from each source grid at 
the beginning of each month until the end of the month: 
January (west season), April (transition season 1), July 
(east season), and October (transition season 2). The 
movement of particles per month in each city will be 
given a different color to determine the distribution 
pattern of plastic marine debris that leaves or remains 
in Indonesian waters.

RESULTS AND DISCUSSION 
Overall, the average current direction in January 

moves from west to east (west monsoon) with a 
moderate current velocity on the surface of around 
0.1-0.6 m s-1. For local waters, such as waters near 
Balikpapan and Makassar (Makassar Strait), the 
current direction is northward; in the Lombok Strait, the 
average current moves north towards the Flores Sea, 
while around Manado, the current direction is southeast 
towards the Maluku Sea and the Seram Sea. In April 
and October, the average current velocity weakened 
compared to January, only reaching 0.1 ms-1. In 
general, the direction of the current began to reverse. In 
contrast to January, the average current in July moves 
from east to west (east monsoon). The current velocity 
also strengthened again to 0.6 ms-1. Although the input 
used in this current model is slightly different from the 
three-dimensional flow model using the finite volume 
numerical method (Mustika et al, 2015), the results of 
the flow simulation in October have shown similarities. 
Meanwhile, the overall simulation results for the waters 
near Balikpapan, the Makassar Strait, and the Lombok 
Strait, the current direction is southward (Figure 1). The 
results of this current simulation are not much different 
from the results of Wyrtki (1987); Gordon et al. (2003); 
Gordon et al. (2010); Mayer et al. (2010); Sprintall & 
Revelard (2014).

The simulation results for January are shown in 
Figure 2. The figure shows that currents carry particles 
released near Manado waters only around the 
northeast of Manado. This phenomenon also occurs 
with particles released in Makassar waters. This 
happens because the current around the two waters 
moves to the northeast. Unlike the particles released in 
the waters of Balikpapan, some of these particles are 
carried by currents to the north (Bontang and Berau) 
and east (Makassar Strait).

Particles were also released in waters near DKI 
Jakarta, Semarang, and Denpasar. After a simulation 
for one month (January), it turned out that all particles 
from DKI Jakarta and Semarang were carried by the 
Java Sea current to the east, to the north of East Java. 
Slightly different from DKI Jakarta and Semarang 
particles, the particles released in Denpasar are carried 
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No Location     Plastic Marine Debris (PMD) Particle assumption
 City  Latitude Longitude Total PMD 80% x PMD
       (kg m-3)  (kg m-3)

1 Manado 1.6° LU  124.7° BT 23.47  19  19
2 Balikpapan 1.5° LS  116.8° BT 62.23  50  50
3 Makassar 5.0° LS  119.3° BT 87.52  70  70
4 DKI Jakarta 5.8° LS  106.8° BT 97.72  78  78
5 Semarang 6.7° LS  110.4° BT 52.60  42  40
6 Denpasar 8.7° LS  115.4° BT 5.32  41  41

Location, amount of litter, and particle assumptions in the trajectory simulationTable 1.  
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by currents to the north. The particles are distributed in 
a small part in the Lombok Strait and mostly turn east 
after leaving the Lombok Strait towards the Flores Sea 
(north of East Nusa Tenggara).

The simulation results in April showed that the 
particles in the waters of Manado were carried to the 
Southwest and stranded in the waters around the north 
of North Sulawesi and Gorontalo. Likewise, with the 
particles released in Balikpapan, all particles from 

Balikpapan are distributed entirely only to the middle 
part of the Makassar Strait (Northeast of Balikpapan), 
following the currents that occur around these waters. 
In contrast to January, most of the particles released 
around Makassar waters began to leave the source 
and were carried by currents towards the Southwest 
(towards the Java Sea) (Figure 3).

In April, the particles released in the waters near 
DKI Jakarta were carried by currents to the west and then 

(a) (b)

(c) (d)

The average surface current velocity in the months: (a) January, (b) April, (c) July, and (d) October 
2013.

Figure 1.  

The average surface current velocity in the months: (a) January, (b) April, (c) July, and (d) October 
2013.

Figure 2.  
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to the northeast (Java Sea) and then reversed towards 
the Southwest towards the Sunda Strait. In the Sunda 
Strait, the particles were blocked by currents from the 
Indian Ocean; as a result, the particles returned to the 
north into Indonesian waters. The results of the April 
trajectory simulation for Semarang waters show that 
all particles from Semarang are carried westward to 
Indramayu and Cirebon. As a result, Cirebon waters 
received 77% of plastic waste shipments, while the 
remaining 23% was distributed to Indramayu (Figure 
3).

 Current conditions around Denpasar waters 
resulted in all particles released in April, carried by 

currents to the Southwest to the Indian Ocean. These 
particles leave the Indonesian territorial sea and enter 
the Indonesian EEZ (Figure 3). The territorial sea is a 
sea lane with a width of 12 (twelve) miles measured 
from the baseline of the Indonesian Archipelago 
(UNCLOS, 1982; Law No. 6 of 1996). The Exclusive 
Economic Zone (EEZ) of Indonesia, namely: a zone 
extending as far as 200 miles from the coastline of 
a country and within that zone a coastal country has 
rights to natural resources (UNCLOS, 1982).

The simulation results for July show that currents 
carry particles released in Manado waters to the 
northeast to the north of North Maluku. As a result, 

A plot of the simulation results of the trajectory model from six cities during April 2013.Figure 3.  

The plot of the simulation results of the trajectory model from six cities during July 2013.Figure 4.  
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some particles are taken out of Indonesia’s territory 
and into the Indonesian EEZ. However, unlike the 
particles released in the waters of Balikpapan, these 
particles remain around Balikpapan. This condition 
occurs because the current around Balikpapan moves 
to the west. On the other hand, particles released in 
Makassar waters are out of the seas around Makassar, 
carried by currents to the west to the Java Sea (Figure 
4).

Not much different from the particles released in 
Makassar, the particles released in Semarang are also 
carried by the current to the west (north of DKI Jakarta). 
Likewise, with the particles released in DKI Jakarta, all 
particles are carried by currents to the west and then 
to the south (Indian Ocean) through the Sunda Strait. 
This condition also occurs with all particles released 
in Denpasar, distributed entirely to the south (Indian 
Ocean). Thus, most of the DKI Jakarta and Denpasar 
particles leave the Indonesian territorial sea and enter 
the EEZ area; even some of these particles are carried 
out of the Indonesian EEZ area (Figure 4).

Current conditions around Manado waters make 
the particles in Manado waters drift east in October 
and float to North Maluku waters. However, a different 
phenomenon occurs in the released particles in the 
waters of Balikpapan. In October, 67% of plastic waste 
washed up again in Balikpapan, 19% was carried to 
the northeast (west of Samarinda), while 15% was 
taken to the northeast (Makassar Strait) and then 
turned southeast. In Makassar, the particles released 
in October are still carried westward towards the Java 
Sea at a very weak speed. (Figure 5).

 

In Semarang, particles released in October were 
carried by currents to the northwest (Java Sea). Similar 
to particles from Semarang, particles from DKI Jakarta, 
carried by currents to the west and then to the south 
(Indian Ocean) through the Sunda Strait. As explained 
in previous studies, the movement of currents in the 
Sunda Strait in October also moved towards the Indian 
Ocean (Purmono et al, 2018). These particles come 
out of the Indonesian territorial sea, even out of the 
Indonesian EEZ. Meanwhile, all particles released 
in Denpasar waters are carried westward, in and out 
of the Indonesian territorial sea through the coast of 
Banyuwangi (south of East Java) (Figure 5). 

The topic of currents and marine macro debris 
(not only plastic waste) originating from DKI Jakarta 
has been discussed in previous studies (Jasmin et 
al., 2019; Jasmin et al., 2020). In his research, the 
movement of macro debris is divided into the movement 
of marine macro debris before and after reclamation 
in Jakarta Bay. The results show that the formation of 
the reclamation island affects the movement pattern of 
macro debris particles, so that Jakarta Bay becomes 
an accumulation of marine macro debris from the land 
around the waters of Jakarta Bay.

The results of the hydrodynamic simulation show 
that the formation of the reclamation island does not 
change significantly in the offshore area, but a simple 
change in the surface current pattern of the reclamation 
area causes a decrease in the flow velocity of ± 0.002 to 
0.02 m/s at some points. The simulation of the trajectory 
of macro waste particles shows that after reclamation, 
macro waste tends to accumulate in the eastern part of 
Jakarta Bay in January, and in the western and eastern 

A plot of the simulation results of the trajectory model from six cities during October 2013.Figure 5.  
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regions during July.

The results of the trajectory model from four 
months show that the Java Sea has the potential as 
a place to collect plastic marine debris. The waste is 
carried away by the monsoon current which moves 
east in January, but changes direction to the west in 
July. This causes garbage to be trapped in the Java 
Sea (for example: garbage from Makassar, Semarang, 
DKI Jakarta which moves east in January and west in 
July). This result is also supported by previous research 
which explains that microplastics in the Java Sea are 
thought to have come from the South China Sea and 
the Pacific Ocean (Handyman et al., 2019).

Other results show that marine debris floating on 
the surface, originating from Indonesian rivers, tends 
to wash up on Indonesian beaches. The stranded 
waste is not only from the nearest source but also 
contributions from other places that are far from the 
source. The community observed that from January 
to April a lot of garbage washed up on Selayar Island 
(South Sulawesi). This condition also occurs on 
Wakatobi Island (Southeast Sulawesi), a lot of waste 
accumulates in December and March (Phelan et al. 
2020; Dobler et al, 2021).

CONCLUSION 

Plastic marine debris from 6 sources (Manado, 
Balikpapan, Makassar, Semarang, DKI Jakarta, and 
Denpasar) partly remains around the area; some leave 
the waste source area. In addition, it was also found that 
some plastic waste was carried by currents out of the 
territorial sea, into the Indonesian EEZ, and even out of 
the Indonesian EEZ (about 28-31 days). Therefore, the 
dynamics of ocean currents in Indonesian waters have 
a significant role in the movement of marine debris with 
sources of plastic waste from Indonesia.

These results are expected to provide input for the 
Indonesian people to be more disciplined in disposing 
of waste in its place because garbage that enters the 
sea can be carried by currents and move to areas far 
from the source of the trash. In addition, the results 
of this study can also be input for the Indonesian 
government to take policies in waste management in 
Indonesia.
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