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UNEP HP: https://www.unep.org Lost but can't be neglected: Huge quantities of 
small microplastics hide in the South China Sea.  
---- Cai et al. (2018)

• Marine Plastic Pollution is one of the most important global environmental issues．
• Plastic fragments degraded into a diameter of 5 mm or less are called 

“microplastics” and found virtually everywhere in the global ocean.
• Microplastics (MPs) may have a significant impact on our ecosystems.

Introduction
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Microplastics
the size of 1mm or less is the most frequently

SDGs

Accidentally ingested by marine organisms!!

Absorb chemical substances
--reachable to human due to food chain

The three-dimensional distribution of MPs have not been fully studied yet.  
 Detailed numerical modeling studies are greatly demanded.



(Lebreton et al., 2017 , Nature)

River-derived plastic waste input flux to the ocean  
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Introduction

• It has been reported that some million tons of plastic wastes are annually discharged 
from rivers into the global ocean.

• Major rivers in Asia are the largest sources of marine plastic discharge to the ocean

• Red ：Rivers in Asian Countries
• Yellow：Rivers in the South China Sea (this study)

→ There are few modeling studies on MP (microplastic) transport in the SCS
• High concentrations of MP pollution were found 

in the Pearl River estuary (Lam et al., 2020) and Pasig River mouth (Emmerik et al., 2020)

 It is necessary to accurately evaluate the transport processes 
of MPs derived from major rivers in the SCS
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Outline
We aim to answer the question on the fate of MPs derived from major 
rivers in the SCS by using a 3D ocean modeling technique coupled with 
a Lagrangian particle tracking model.

Main Objectives
1. Evaluate 3D transport patterns of MPs in and around the SCS along 

with possible driving mechanisms

2. Quantify the rate of MPs originating from the SCS that beached, 
remained in the SCS, and flowed out to the surrounding seas.

Objectives
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Configuration of particle tracking experiment 

case 1.Buoyant 
MPs

2. Buoyant MPs + 
Stokes drift

3. Passive 
MPs

Rising 
velocity 2 mm/s 10mm/s –

Release 
depth 0.5m

Number of 
patches 3

Diameter of 
patches 25 km

Release 
period 1/1/2012-12/31/2014 (For 3years)

Release 
interval 12 hours

Release time 2922

Total number 
of particles 1,407,264 1,380,960 1,131,072Red circle: Release patches located at 

around the river mouth

Ranking Rivers Country Mass input estimate
(tons・year-1)

3 Pearl China 106,000
8 Pasig Filippines 39,000

11 Mekong Thailand,Cambodia,Laos,
Vietnam 23,000

(Lebreton et al., 2017 , Nature)

Case 1,2: For buoyant MPs 
(that have rising velocity)

Case 3: For non-buoyant MPs
(fully transported passively by 
the 3D ocean currents)

HYCOM-ROMS model
(Grid resolution: 5km)

(Uchiyama et al.,2018)



Configuration of particle tracking experiment 

(1) Buoyant MPs forced by the 3D currents 
𝜹𝜹𝑴𝑴𝑴𝑴=1mm: which has been most frequently observed in the 
open ocean, less affected by Stokes Drift.
(2) Buoyant MPs forced by the 3D currents with linearly 
added Stokes drift
𝜹𝜹𝑴𝑴𝑴𝑴=5mm: larger MPs that are affected by Stokes drift 
(3) Non-buoyant MPs that are fully transported passively by 
the 3D currents
Small-sized MPs have relatively large surface areas and may 
be susceptible to biofouling and material deposition.

Rising velocity of MPs
𝒘𝒘𝑴𝑴𝑴𝑴=0.002･𝛿𝛿𝑀𝑀𝑀𝑀

(Reisser et al., 2015)

𝑤𝑤𝑀𝑀𝑀𝑀: Rising velocity of MPs (m/s)

𝛿𝛿𝑀𝑀𝑀𝑀: MP size (mm)

𝜕𝜕
𝜕𝜕τ
𝑿𝑿𝑛𝑛 𝜏𝜏, 𝐚𝐚 = 𝐔𝐔𝑛𝑛 𝜏𝜏, 𝐚𝐚

𝐔𝐔𝑛𝑛 𝜏𝜏, 𝐚𝐚 = 𝒖𝒖 + 𝒖𝒖𝑺𝑺𝑺𝑺 𝑿𝑿𝑛𝑛 𝜏𝜏, 𝐚𝐚 , 𝑺𝑺𝑛𝑛 + τ + 𝑤𝑤𝑀𝑀𝑀𝑀･𝑒𝑒1
𝐔𝐔𝒏𝒏 𝝉𝝉,𝒂𝒂 : the 3D velocity of the n-th Lagrangian particle

𝑿𝑿𝑛𝑛 𝜏𝜏,𝐚𝐚 : the 3D position of the n-th Lagrangian particle

a: the initial position of the particle of interest

τ: the elapsed time 

u 𝒙𝒙, 𝑺𝑺 : the 3D Eulerian velocity of HYCOM-ROMS model outputs at a given 
location x and time t 

uSt 𝑥𝑥, 𝑡𝑡 : the Stokes Drift velocity at a given location x and time t 

Stokes Drift velocity 

𝐮𝐮𝐒𝐒𝐒𝐒 = 𝐴𝐴2𝜎𝜎
2𝑠𝑠𝑠𝑠𝑛𝑛ℎ2(𝑘𝑘𝑘𝑘)

cosℎ 𝟐𝟐𝑘𝑘 𝑧𝑧 + ℎ 𝒌𝒌

𝜎𝜎 = 𝑔𝑔𝑘𝑘𝑡𝑡𝑔𝑔𝑔𝑔ℎ (𝑘𝑘𝑘𝑘)
h(x) is the resting depth of the ocean; A is the 

wave amplitude; k is its wave number vector and 
k is its magnitude;

A, k, 𝜎𝜎 were calculated using the 
GWM dataset, a global wave 

model of JMA.

Larger MPs (𝛿𝛿𝑀𝑀𝑀𝑀>5mm) are 
much affected by Stokes Drift 

(Iwasaki et al., 2017)
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Validation of particle tracking experiments
In-situ Surface drifter (observed) trajectories (blue curves) and the final positions of them (magenta) 

on Lagrangian PDFs (model, color) averaged over the advection time of 120 days

• In situ surface drifters were transported within the extent of horizontal 
distribution of the high Lagrangian PDFs. 

• Our particle tracking experiment was performed 
with high accuracy for buoyant MPs drifting on the surface layer. 

Lagrangian PDF: two-dimensional probability density function of the particle displacement 

L-PDF
(Our experiment: Color)

In situ drifters
(Trajectories)

(Final positions)

Red circle: 
Release patch

L-PDF
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Transport of MPs in a monthly scale

Destination Strength (circles) and L-PDFs (colors) within the advection time of 30 days

• The destination strengths are very high in the shore of southwestern China
in Case 1 and 2 rather than Case 3.

Destination Strength: the probability of Lagrangian particles transported from a release patch to a patch site 

D-S

Red circle: 
Release patch

Isobath
on 200m

L-PDF

Buoyant MPs (Case 1) Buoyant MPs affected 
by Stokes Drift (Case 2)

Non-buoyant MPs (Case 3)
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Transport of MPs in a monthly scale

• Approximately 50%(Case 1)-60% (Case 2) of buoyant MPs 
derived from Pearl River are beached within 30 days.

• Beaches are the major destination of buoyant MPs 
derived from Pearl River and Mekong River (not shown)

• Wave effect (as Stokes drift) is modest on transport in the SCS.

L-PDFD-S

Beached: 50% Beached: 60% Beached: 15%

Destination Strength (circles) and L-PDFs (colors) within the advection time of 30 days
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Lagrangian PDFs (Case 1) averaged over the advection time of 100 days 

Released:
Apr - Sep

Southwesterly 
monsoon

Transport of MPs in a seasonal scale

Released:
Oct - Mar

Northeasterly 
monsoon

• The transport of MPs in the SCS is obviously affected by seasonally 
varying circulation system driven by the monsoon in the SCS.

Mekong Pearl Pasig



14

Hovmöller diagrams of the vertical distribution of Lagrangian PDF (Case 3) 

Blue : 50% tiles, Red : 95% tiles

More than a half of 
non-buoyant MPs 

might become
“Missing MPs”

that disappeared 
from surface.

Vertical distribution of non-buoyant MPs 

• Buoyant MPs (Case 1 and 2) are distributed at surface.
• Approximately 50% of non-buoyant MPs (Case 3) are distributed 

within 20 m from the surface (above blue lines).
• The other 50 % are transported to depths of several tens 

of meters (between blue and red lines) or deeper (below red lines)
(roughly in the surface mixed layer) or (below the mixed layer).

50%

45%

5%

Missing 
MPs

Missing 
MPs

Missing 
MPs

Mekong Pearl Pasig
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Destinations of the river-derived MPs
The fraction of remained and transported MPs (released in 2012) for the advection time up to 3 years  

Remained 
in the SCS

Transported 
to the ECS 

and PO

Transported 
to the Indian

Ocean

• Non-buoyant MPs (Blue lines) are continuously transported to the surrounding seas.
• Buoyant MPs (Red and Magenta lines) that don’t beached are also transported to 

the surrounding seas.

→ The SCS is a major emission source of MPs to the surrounding seas.

Advection time

Increase

Decrease

Beached

Mekong Pearl Pasig
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Conclusions
Main Conclutions

1. Beach is a major destination of river-derived Buoyant MPs in the SCS.

2. The direction of prevailing monsoon is an important factor for regional 
transport of MPs in the SCS.

3. More than a half of non-buoyant MPs might become ”Missing plastics” 
that are disappeared from ocean surface.

4. The SCS is a major source of MPs to the East China Sea & Pacific Ocean 
that are the hotspots of MP contamination.

#BeatPlasticPollution

UNEP HP: https://www.unep.org

SDGs
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For more details…
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(Isobe et al., 2019 Nature)

Introduction

• East Asian seas have one of the highest contaminations of MPs in the world (Isobe et al., 2015).
• It is also reported that the North Pacific Ocean is also highly contaminated 

and called “garbage patch” even though it is very far from emission sources.
• Asian-origin MPs seem to greatly affect the distribution of MPs in the northern hemisphere. 

Field sampling of MPs Numerical Simulation 

(Isobe et al., 2015)

garbage patchEast Asian Seas
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Introduction
Field sampling of MPs in the SCS

• High concentrations of MP pollution 
were found in the coastal areas of 
southern China owing to the influence of 
the Pearl River-derived MPs 
(Cai et al., 2018; Lam et al., 2020).

• MP pollution in the central SCS is not as 
severe as that in MP hotspots such as the 
coastal SCS (Cai et al., 2018), the ECS 
(Zhang et al., 2020), and the Japan Sea 
(Isobe et al., 2015). 

 It is necessary to accurately evaluate the transport processes of 
MPs derived from major rivers in the SCS and their possible 
remote influences on the surrounding seas. 

Cai et al. (2018) 



Field sampling of MPs in the deep sea in the Pacific Ocean

(Li et al., 2020)
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Introduction

• MPs have occasionally been observed in the deep ocean at depths ranging from 
several hundred meters to several thousand meters (Li et al., 2020) .

• The top 5 m of the SCS contained around 700 tons of plastics, which is one to four 
orders of magnitude smaller than the reported emission (Cai et al., 2018) .
→ “Missing Plastics” that disappeared from surface. 

• “Missing Plastics” make the matter of ocean MPs more complicated because once 
they are transported to the deep ocean, it is hard for us to observe and collect. 
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Iwasaki et al.(2017) 

Particle tracking simulation in the Japan Sea (Iwasaki et al. 2017) 

Stokes drift in Japan sea

Introduction

• Meso-plastics (>5 mm) are more affected by Stokes drift than Smaller MPs (<5 mm).
• Stokes drift may be a significant factor for larger plastic particles. 

Smaller MPs (<5 mm) Meso Plastics (>5 mm) 



Configuration of particle tracking experiment 

① Buoyant MPs forced by the 3D currents 
𝜹𝜹𝑴𝑴𝑴𝑴=1mm: which has been most frequently observed in the 
open ocean, less affected by Stokes Drift.
② Buoyant MPs forced by the 3D currents with linearly 
added Stokes drift
𝜹𝜹𝑴𝑴𝑴𝑴=5mm: larger MPs that are affected by Stokes drift 
③ Non-buoyant MPs that are fully transported passively by 
the 3D currents
Small-sized MPs have relatively large surface areas and may 
be susceptible to biofouling and material deposition.

Rising velocity of MPs
𝒘𝒘𝑴𝑴𝑴𝑴=0.002･𝛿𝛿𝑀𝑀𝑀𝑀

(Reisser et al., 2015)

𝑤𝑤𝑀𝑀𝑀𝑀: Rising velocity of MPs (m/s)

𝛿𝛿𝑀𝑀𝑀𝑀: MP size (mm)

𝜕𝜕
𝜕𝜕τ
𝑿𝑿𝑛𝑛 𝜏𝜏, 𝐚𝐚 = 𝐔𝐔𝑛𝑛 𝜏𝜏, 𝐚𝐚

𝐔𝐔𝑛𝑛 𝜏𝜏, 𝐚𝐚 = 𝒖𝒖 + 𝒖𝒖𝑺𝑺𝑺𝑺 𝑿𝑿𝑛𝑛 𝜏𝜏, 𝐚𝐚 , 𝑺𝑺𝑛𝑛 + τ + 𝑤𝑤𝑀𝑀𝑀𝑀･𝑒𝑒1
𝐔𝐔𝒏𝒏 𝝉𝝉,𝒂𝒂 : the 3D velocity of the n-th Lagrangian particle

𝑿𝑿𝑛𝑛 𝜏𝜏,𝐚𝐚 : the 3D position of the n-th Lagrangian particle

a: the initial position of the particle of interest

τ: the elapsed time 

u 𝒙𝒙, 𝑺𝑺 : the 3D Eulerian velocity of HYCOM-ROMS model outputs at a given 
location x and time t 

uSt 𝑥𝑥, 𝑡𝑡 : the Stokes Drift velocity at a given location x and time t 

Stokes Drift velocity 

𝐮𝐮𝐒𝐒𝐒𝐒 = 𝐴𝐴2𝜎𝜎
2𝑠𝑠𝑠𝑠𝑛𝑛ℎ2(𝑘𝑘𝑘𝑘)

cosℎ 𝟐𝟐𝑘𝑘 𝑧𝑧 + ℎ 𝒌𝒌

𝜎𝜎 = 𝑔𝑔𝑘𝑘𝑡𝑡𝑔𝑔𝑔𝑔ℎ (𝑘𝑘𝑘𝑘)
h(x) is the resting depth of the ocean; A is the 

wave amplitude; k is its wave number vector and 
k is its magnitude;

A, k, 𝜎𝜎 were calculated using the 
GWM dataset, a global wave 

model of JMA.

Larger MPs (𝛿𝛿𝑀𝑀𝑀𝑀>5mm) are 
much affected by Stokes Drift 

(Iwasaki et al., 2017)
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The fraction of beached MPs for the advection time of up to 30 days  

Transport of MPs within a monthly scale

• Approximately 50%(Case 1)-60% (Case 2) of buoyant MPs derived 
from Pearl River are beached within 30 days.

• Stokes drift toward the continent further increases the beached rate.

 In our analysis, the particles reaching a grid cell with the representative shallow water 
depth of 20 m, which pre-defined the minimum depth set in the HYCOM-ROMS model, 
are automatically deemed “beached.”
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• Most of the buoyant MPs (Red and Magenta lines) originating 
from Pearl River (approximately 90%) and Mekong River (50% in 
Case 1 and 70% in Case 2) are beached within a year.

→ Beach is the main destination of buoyant MPs derived from 
Mekong River and Pearl River

The fraction of beached MPs (released in 2012) for the advection time of up to 3 years  

Long-term transport of MPs 



Transport of MPs within a monthly scale

Horizontal velocity (m/s)
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• The buoyant MPs originating from Pearl River tend to be pushed toward the shore 
by wind-induced currents more pronouncedly than the non-buoyant MPs.

• Non-buoyant MPs are vertically transported and less influenced by surface 
currents.

Averaged: Oct - MarAveraged: Apr - Sep

Surface 
current Surface 

current
+ Stokes 

Drift
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Lagrangian PDFs of the MPs released from April to September on the advection time of 180 days 

Transport of MPs in a seasonal scale

Buoyant MPs

Buoyant MPs
+Stokes Drift

Neutral and Fully 
passive MPs

• The transport of MPs in the SCS is not much affected by Stokes Drift.
• The horizontal dispersal of the non-buoyant MPs is wider than that of the buoyant MPs

Buoyancy 

Stokes Drift 
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Destination strength and Lagrangian PDFs on the advection time of 3 years

• Long-term advected MPs 
are rarely remain in the 
SCS.

• Almost all MPs in Case 1 
and Case2 are beached.

• Non-buoyant MPs 
remaining in the SCS 
mostly stay in the Gulf of 
Thailand, Gulf of Tonkin, 
and central SCS.

Long-term transport of MPs 
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