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Supplementary Fig. 1. Dependence of particle positions on the Stokes drift. Total particle counts
in the model with (red dots) and without (blue dots) the Stokes drift are plotted along 140 (160)°E
in the North (South) Pacific (a), and along 180°E (b).
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Supplementary Fig. 2. Abundance of microplastics in the present and future. The weight
concentrations at the sea surface in the model with fishery-based sources®® were averaged in
February (a) and August (b) in 2016, and February (c) and August (d) in 2066. The weight
concentrations are shown by a red stippling in the line with the scale at the bottom of the panel d.

The broken curves denote a weight concentration of 10 mg m .
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Supplementary Fig. 3. Surface current field used in the numerical model. Maps of divergence of
surface currents computed using the HY COM analysis product and Stokes drift in February (a)
and August (b) 2015. Positive (red) and negative (blue) values represent divergence and
convergence, respectively; magnitudes are shown in the scale above the panel a. Broken and solid

curves indicate modeled weight concentrations of 10, 100, and 1000 mg m > reproduced in the

the same month.
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Supplementary Fig. 4. Surface current field used in an additional experiment. The surface
currents in 2010 are used to depict the panels b and c, because the Pacific Decadal Oscillation and
NINO.3 indices for 2010 were in opposite phase to those in 2015 (a). The monthly Pacific Decadal
Oscillation index was downloaded from the Japan Metrological Agency (JMA) website
(https://www.data.jma.go.jp/kaiyou/data/shindan/b_1/pdo/pdo.txt). The monthly NINO.3 index
(i.e., anomaly of sea surface temperature averaged over 5°S to 5°N and 150°W to 90°W) was also
downloaded from the IMA website
(https://www.data.jma.go.jp/gmd/cpd/db/elnino/index/nino3idx.html). Thin broken (bold solid)
curves indicate monthly averaged data (annually) in the panel a. Areas with intense convergence

zones are surrounded by broken lines in the panel b, c.



mg m3
10 100 500 1000

180°

mg m3
-1000 -500 -100 100 500 1000

Supplementary Fig. 5. Abundance of microplastics in the present and future. The particle-
tracking model repeatedly used ocean currents and Stokes drift in 2010 (2010-comptation). The
weight concentrations at the sea surface were averaged in February (a) and August (b) in 2016,
and February (c) and August (d) in 2066. The concentrations are shown by a red stippling in the
line with the scale in the upper of the figure. The broken curves denote a weight concentration of
10 mg m™. The difference from 2066 map in the model using ocean currents and Stokes drift in
2015 (2015-computation; Fig. 6) are shown in February (e) and August (f). The difference was

computed as the 2010-computation minus the 2015-computation.



pieces per 10 days
00

60°W

S

°N1 20°E 180° 120°W

0°

60°S
120°E 180° 120°W 60W
60°N

800+

600

400+

200

1

N

nyears

2000 40°N
1500
11000

20°S ‘ S o,
_500 L ..

0

a

T T T T T T
1960 1970 1980 1990 2000 2010

T
2020

mg m=3
100 500 1000

2066

60°S

120°E 180° 120°W
60°N

Supplementary Fig. 6. Abundance of microplastics in the present and future. The weight

concentrations at the sea surface in August 2066 were computed in models with emission delayed

by 1 (b), 5 (c), and 10 (d) years. The particle release in the emission delayed by n years is

schematically shown for the source 1 (a). According to the root-mean-square errors in

Supplementary Table 5, the averaged transit time of 3 (1) years was chosen for the computation

to depict the panel b, ¢ (d).
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Supplementary Fig. 7. Size distribution of microplastics. The concentrations of microplastics
collected along the entire meridional transect in 2016 are shown by the bars in each 0.1-mm size
category. The broken curve approximates the observed size distribution using Eq. (4) in a least
square sense. The reciprocal of J in Eq. (4) denotes the mode of the sizes (J), which was 1.2 mm,

as shown in the figure by the white line.
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Supplementary Fig. 8. Mismanaged plastic wastes and beach litter in each region. The
mismanaged plastic waste (bar; left ordinate) is compared with abundance of macroplastics
littered on beaches (open circle with numbers; right ordinate) around sources 1 to 12. Numbers

beside open circles indicate articles listed in Supplementary References.



Supplementary Table 1. Field microplastic surveys used in this study

Authors Period Region
western Pacific, and
present study January—March 2016
Southern Ocean
Reisser et al. (2013)* June 2011—-August 2012 western South Pacific
Goldstein et al. (2012)¥ 1972—1987, 1999-2010" eastern North Pacific

* Months were not shown in a part of surveys included in Goldstein et al. (2012)*.



Supplementary Table 2. Modeled emission of microplastics. Mismanaged plastic waste® in the
countries below were summed at each source, and particle counts released at the sources in 2016
were proportional to these mismanaged plastic wastes; the minimal number was set to 1 (source
4; Oceania). The particle counts for releases in 2066 were determined by considering an increase
in the rate of mismanaged plastic wastes from 2010 to 2025, which was linearly extrapolated to
produce a particle release from 2016 to 2066 under the assumption that there will be no

regulation/operation to reduce mismanaged plastic waste.

Mismanaged Particles Particles
Sources Countries
plastic waste released every released every
in Fig. 2 included
[10% kg/year] 10 days in 2016 10 days in 2066
China, Japan,
1 N.Korea, S.Korea, 9,300,913 500 2,175
Brunei, Cambodia,
Indonesia**,
> Malaysiar, 6,096,573 330 1,864
Philippines,
Singapore*, Taiwan,
Thailand, Vietham
3 Papua New Guinea 89,835 5 32
Australia*, New
4 Zealand 16,231 1 3
5,6,7 Canada’, United 141,692 4,3,3 6,5,5
States
Colombia, Costa
Rica, El Salvador,
8 Guatemala, 496,839 30 120
Mexico*,
Nicaragua*,
Panama*
9 Ecuador 109,383 5 20
10, 11, 12 Chile, Peru 216,207 4,3, 3 16, 12, 12
total 16,467,673 891 4,270

* Unless large cities were concentrated on the Pacific coast (e.g., Costa Rica), the mismanaged
plastic wastes were multiplied by a factor of 0.5, approximately the ratio between the length of
the coastline facing the Pacific Ocean to that of the total length of coastline for each country.

** multiplied by 0.25

*** This estimate accounts for approximately 52% of the total wastes in the world (31,865,274

tons/year)>.



Supplementary Table 3. Root mean square error of the meridional slope (f) and decadal
variation (g) of microplastic abundance in comparison with observed values. Errors in the
model with (right) and without (left) fishery-based sources are shown.

— 2 _
t JT-1+ @17
(years)
Without fishery-based sources With fishery-based sources
LS 9.6 12.0
10 4.2 5.2
5 1.9 2.4
3 0.47 0.79
1 1.0 0.95

f = f./ fobs, Where fi (favs) is the slope computed in the model with 7 (observed slope) in Fig. 5a.
9 = G</9ops> Where g (gops) is the difference between weight concentrations averaged in

1990-2010 and those averaged in 1972—1987 computed in the model with 7 (observed) in Fig.
5b.



Supplementary Table 4. Modeled fishery-derived microplastics emissions.

Ratio of Suspected Particles Particles
Sources Countries fish plastic waste released released
in Fig. 2 included catches* from fishery every 10 days every 10 days
(%) (103 kg/year) in 2016 in 2066
China, Japan,
1 N.Korea, S.Korea, 46.8 1,544,400 85 370
Brunei,
Cambodia,
Indonesia,
2 Malaysia, 23.9 788,700 43 242
Philippines,
Singapore,
Taiwan, Thailand,
Vietnam
Papua New
3 , 0.5 16,500 1 6
Guinea
4 Australia, New 1.6 52,800 3 10
Zealand
56,7 Ganada, United 6.3 207,900 6,4, 4 9,7,7
States
Colombia, Costa
Rica, El Salvador,
8 Guatemala, 3.6 118,800 7 30
Mexico,
Nicaragua,
Panama
9 Ecuador 0.9 29,700 1 5
10, 11, 12 Chile, Peru 16.4 541,200 10,8,8 40,30,30
total 100 3,300,000 180 786

* Fish catches in neighboring seas in the Pacific Ocean®® were used for the computation. For
example, the fish catches from area 61 (western North Pacific and marginal seas) were used as
source 1 because most fish catches were included there (e.g., 90% in Japan, 97% in China). See

FAO yearbook®® for numbering of areas.



Supplementary Table 5. Root mean square error of the meridional slope and decadal variation

of microplastic abundance in comparison with observed values for cases with time intervals taken

for the fragmentation in the emission model

time interval (years)

1 5 10
0 10.3 8.6 13.8
10 4.5 3.8 7.0
T
5 2.1 1.9 3.8
(years)
3 0.6 0.6 1.4

1 1.1 1.1 0.8




Supplementary Table 6. Classes, species, particle diameters, and weight concentrations for
laboratory-based studies compared to the present model prediction. Exposure time, polymer types,
tested concentrations, and effects in each experiment are described in Table S1 of de S& (2018)*.
The diameters and minimal weight concentrations found to be harmful to organism in the
experiments are shown. When a concentration was reported in particles per unit water volume in
a laboratory-based study, weight concentration was computed assuming a spherical shape, a given
diameter (listed below), and a specific weight of 1. The laboratory-based studies used for this

purpose are listed in Supplementary References (see Ref. numbers below).

Particle diameter  Weight concentration in

Class Species Ref.
in Fig. 9 (um) Fig. 9 (mg m-3)
0.05 2,610f 81
Paracentrotus lividus 6 113*
Echinodermata 18
40*tt 5,000
Tripneustes gratilla 27.5" 3,266 82
Rotifera Brachionus koreanus 0.05, 0.5 104 83
Crassostrea gigas 4* 23 84
40t 2.5 x 106 15
Mytilus edulis
0.03 105 81
Mollusca 0.05 1,000 86
Mytitis 50* 2 x 107 87
galloprovincialis
25*ft 1.3 x 105* 19
Scrobicularia plana 20 1,000 88
18.5* 3,315*
Hyalella azteca 89
47.5* 2,525**
Crustacea 0.05 1,250
Tigriopus japonicus 90
0.5 2.5 x 104

Centropages typicus 7.3 814** 91




Supplementary Table 6. (continued)
59ft 5,376™*
751 1.1 x 104**
Palaemonetes pugio 83ft 1.5 x 104 20
116'" 4.1 x 104
165'f 1.2 x 105**
Artemia franciscana 0.1 1,000 92
Daphnia galeata 0.05 5,000 93
0.07 220 94
0.11* 106 95
731* 1.25 x 104 96
Crustacea .
0.2 25,960" 97
Daphnia magna 0.1 104 98
3* 1,413* 99
17t 1.25 x 104 100
0.1 1,000 101
0.052 7.5 x 104 49
Calanus helgolandicus 20tt 330** 16
0.05 1
Paracyclopina nana 102
0.5 10
Panvocalanus 7.5 4,418* 103
crassirostris
Carassius carassius 0.053 105 49
. 3* 18.4 104
Fish Pomat'oschistus 460* 5’ 097** 105
microps
3 2,160 106




Supplementary Table 6. (continued)

Clarias gariepinus 30* 50 107
5 20
50
0.07 2,000
Fish 8.8* 500 108
Danio rerio
0.05 1,000
109
0.45 1,000
0.05 1,000 110

* Median of particle sizes used in the experiment

** Weight concentration converted from particle count per unit water volume

" The concentration was not the lower limit, but the median effective concentration (EC50)
provided by each study.

t Plastic beads free of additives were used.
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