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Beach Litter and Oceanography

—Our Research Outcomes and Future Perspectives —

Atsuhiko Isobe, Hirofumi Hinata, Satoquo Seino, Sin’ya Magome, Shin’ichiro Kako,

Etsuko Nakashima, Azusa Kojima and Hiroshi Kaneko
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A brief description of previous research projects with respect to beach-litter issues is given in this review. In addition, we

introduce our research project, which establishes a beach-litter monitoring system using webcams, and which develops an inverse

method to identify litter sources. Also proposed in this review is an effective beach-litter clearance procedure, and possible

contributions of oceanographers on the beach-litter issue.
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AW R LD IR A HORT 2 LA, WREIEE
WCEbI, BORICHEDRAEL A L) T LR,
ZLTHRERDS, FoloHARELHE Y FlEICTH L 72
T, SNMEL Lo 2Gb A7 % v (Fig. 1
a). PR, ARETIE, MARRHRE L & &RV AL
FREAEW T I (R - EETY) LIER. HROM
FEIIEAS L2l 1, I CTERErsTI AT
7 &MEE LTS (Derraik (2002)Y Table 1 D F1
fET66%). EaIICLTD, BIZITHE S FHIcmL 2
HEFETIE, TICHEDLTT ATy 78 OEE
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IFEH5L%VNEL TV E, ETINCEDLETTATF Y
7 TIDOREEEE, BOAL LTI AF v 78O
R, 2o0FF, KISRE, SIS N$I10E5 E Tl
BEENDL LV, T ERDEME X TR
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Fig.1 (a) Beach litter photograph taken at Goto Islands, (b)
the location of Goto Islands, and enlarged map around
Ookushi beach. Two yellow arrows denote positions and

directions of webcams 1 and 2.
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AEHBPHEE, BTREEGE LTINS
FEMEYO 2 A &, T I OFEANR & g O H it LRI
KD DHZ LA TR, T I, Bl 23RS
FETHRESNLZDDEZTTIEL L, HhoHFEEFRRRK
EIRENERL, NERETHIIELODOTHL. ADOH
WREORFHES D% L S BIRE MR T 5 5 512,
ABROWT IFEEICEIN M IIEZEZ W, 2L
T, WP CHMENLNTIAFy 7 T3, DL
OTIESNIL, e rbHA D L3\,
ZO L) ALY H > THHD ZVIRIEAYE < L E, #
ROWGT WA 5580w, 2LT, RO
BOLEIE L L COfffEz MR 2720, 4% L DA
FLEHEEVERL SN, HGFTICL > T, BT 46L9 7%
HRERAND Y A 7 SBETEALT 2000 L,

T I R OBRICIE, T IORE»LOM Oz K
LT HIE, Tabb, T I ORERZ OISR
SNb. BUE, HATIE, WAREAWLIHEL (2009
FHAT) (O CEOMEEED b &, HMBATED T
SENFEELFEL TS, LrL, Boh/FETHE
e & N5 SERE O EFLS, 1372 L TRIR > ED,
PR EZ 2 AT 3L, 252, T I
TOBNEBIR S CTRICATRETH S, WETT I > 7
b Ay B ERBRWIRERRD & 5 RS E % o
&, Ty by EFARICRIES A MM T T AT v
Fr (microplastics ; Andrady, 2011% %> Cole, 20117 @ L
Pa—%R) 2HICL-2E2HL7559. THIT,
LBES 7 EIZIRA S5 BER D S/ b o (<0.1
mm ; primary microplastics” ) [Z 1 2., SRA MR S R0 1 48
{LTHEESIC e o727 F AT v 7 T I DOERMED, BRI
S5 2 B RS RIS X o THIBEL 720 @ (secondary
microplastics ; <#mm ;") TH 5. HFHOKEK
SN2 T T AF v 21E, WEIHA & e o THlE %
WO PEIZ “Here there and everywhere!V” (243718 & J15
F72BIRTIE, She 2B 2 5D 7w,

SR RO T IMEOILKER CzoiiE, Wiz
KRELTHZTTIERL, BREADANZNELTSHZ
&, THDOLREARDOHISLIE TS 5. i EDNE
HIERMET L, ZORERSEEEDNRRLEED
£y, $CIC1980FERMIBEICIE, I v B = 4 BRfECAE
AT AT R OHEALERE 2L S 109K ST T AF v
7 RDRELS N, ) H108MH D KT IZ HAGE & iR L 72
EDOWMEND LY. KL TDH YouTube % & % R LI,
HAZEDWET 5%, JLRPHEO AT IEERIZHE > TT A
U A PETEEIES B L O— AT OTBREFRMNE, KBS
CHIZT A2 E5TE 5 (Bl IX, http://www.youtube.

com/watch?v=endXzfROFES). —J5C, HARDFEEIZIZ,
HARZIBERETHBITI (R TORETIZED)
OBz, W7 VT EEFRBLEZ SNDWT I, K
ZEBELTCWBLHEIH LY, 2820, WFER
LIIREEZDCHERZIMTH - T, T I % HSE
W2 B & THROXBIE R, ZOoHRIZBWT, ITI0
FAEIERRCET I OREETH S, T IR - 3
HEROBEICIE, RO, WRICHLZE LD
El 4725, 212, A0 T I E 2 R/RICT 51t
2D B LA,

T IFEOEICESIE S EFTHMMTE 27259
. R - REITIER G ER OB & 2 i T 3
ffse7uy s b (LB, 70y =2 bEDARER) O
72 A X T [FFHI94E~214E © D-071TH R & Wi e & 25t
B 28 FHG IS B Bl EE T FIRIFER (B
gefE L FIRA) ]k, 7oA X [TFR224E~
SER244F C B-10073 T 312 & B AL W B W0k o 5E
REMRAT & V) A 7 AR [V 70 s 1 BRESECE D e B (BF
ef0ER DB FIER) ITOBAET TOREEHE 2,
ARTIE, T 3 EIOR) AR M T I 384 7 O HIK
2, FRICHEEONEGP LR E5TELILEERD.

2. BIIMREICEY ARI¥MNmMEA

KEITIE, 70V 27 FOYRE Lo BB
AT 5. T IMRIILFBENTH- T, BET ST
WRICE < HELY 35 2 &38E LS, e 2L
DD, AU =3y M LTOAFIHEE Y XS 72
O, Kiaehz@lL <, FEROBEHIPZVED L, L
Ca— Y% —FVICERS N EE R TR, ATPES
BEFREOGIH Z LT 7.

Shomura and Yoshida (1985 ; “NOAA-TM-NMFS-SWFC
B4 DF =T — NTHEL Y Yy u— FuJ)¥=% Coe and
Rogers (1997)912&% %@ 1), & L TI9704FAL & 1,
% DT IEERORENERINTE . Jak L7
By, 7IAFy 7HOEBTIE, Mo THR
RO RFDL T ED RV, FDz0, HHROWERHE
FHCBIT BT I OFEG - AR, TTAF YV AE
EOWEIMfE- T, T0FERSHIEICES T, B
D—gHRT2EoTWDLEALH ., WINT 5T I1L,
DEDEEH L L TOMEZ % ) 7210 TidZ v, RED
WFFETIE, R FLER RO E ) (Derraik,
2002V, CNOGIHXESR), BESY, BB,
HEPY, 2L THEPICEAMM T I ATy 2 OEA
% &, EYWANOEREMER I TS, T2, IR
Fou 7O ITIR, TIATFy 7 OREMETH L L
oLy b bIE, R AEEIE Y (Persistent
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Organic Pollutants ; POPs) 251 2L T W 5% Teuten
et al (2009)*%, ZNOHREWED, TIAF v 7T
IO - WEERREABAT S AR, 1 RTOk
BEFVEFMLTRETLTWa. E512, BIZIXHIE
Wb = VICZER e LTRNEN D560 H Y, 7
TAT Y 7 TINLEEBERANOHEREEROBIT LI
ZaENnBY,

BT IMEY, BEERICELSSNIBEROZ WA
B - ARER RS, EERANDY A7 Lo RED Y
TV HIPER ST D121E, BHARIROKE Wi
I3 [ DRI B FATHL END . BRGNS,
FEANDBEERTH N OMPN AT, FEEHERE L
T, T IEAE SO - WHBEHOIEHER AL ) 2
Y 5. WRHARMWERSEW )~ ¥ — (20061, HA
DD T I FEAE = 2 1 1259186,000 t ([HINE %
B < o IMBEEF T63MEM) LREL - TwADY, Zh
1320004F 2> 5 200645 122 F TIA L 72, F& L THARIE
BT 5T I EEEOFEHEL. 4kg/100 m? %,
FAEOREMMTH L 1 0 AHOFEAR L ALL, &5
(2, HA il A8 IE 535, 219. 3 km & i 7 O BAT10
m, TLTRMAZFELTROLODTHL. P& T
IDHWILEE TlIrbh22 L, ZOMOMER, W
TIDHRWEHFRBRETII TN VW E2ZETN
E, BTFOEKRTLI0EEERD LRETHS .
Kusui and Noda (2003)¥ClZ, 200040 9 H2*H11H (2
BULZAROWERENOMT I EEE %, T2 1ke/
100m* EHEH L TWD, BFOEVE S 26T HEO—
22, 3 M THEAES 5 & 9 il T I FEE = O A E)
DRESDHH 5.

R D WEREAA 2, United Nations Environment Pro-
gramme /International Oceanographic Commission (UNEP/
I0C, 2009%) HME3E4 5750k, S 56121, ElEZET
RO TIT o 72T OFAS TR, R 7
BE miBOXBNICES L72KE L1 — 2em PO
T3I%, HED A VIITAEETRHINL, BPedEE, &5
MR TR mOMEZ RS L TV, TEETHHL
E, SHEZOWmEREZ, BEHRIZHz > THkEES 2 2
T L v, A1 Ao T A % 4T o 72 Silva-Iniguez
and Fischer (2003)*T%, A OB X5 22 A H
TL2kv., ZNTH Ribic (1998)*1%, MH O AN
2 6 FMID7zo TlkfE T 5 2 & T, BBREWET I
EEEORERIIT — ¥ 25 TWw5, LAL, mmflsE
D@L AFHE R SRR LT, T3 & SR
i, BH2 5 14, BHEIC X o TIRAER 2 5L W E
WCEHTL2THAH L, ETIFEEREDL, Z0LH7%
JE R DB LSS B WTREMED R . B I 1 o]

TR ORI CTRRSRINICE, =V T7v v 7
DRENPLRE SN, TOMMITED T v, FEHE,
Ribic (1998)*1%, 6EMICKREHT— 5 2B 545
b, TS ORE I LV FETICEREHO TS, #)
R 7T I OINFEEDOREICET S L) %, HHEET
MR 2T mE=Y ) v VT FEOR L EIND.

I FEER O 7201213, EE R DR %
T IMINHEEORE L £ DT, BEZOHIMALET
H 5. KIEZEEICIE, WRRICH L7z  OE% 25,
I, BREANO T IPHEER/IRICT AHEIIED S
VDB D, TNEFEHT LR, EmlciETH
NTIDITCKREMBEETRTHY, 2ok %t
ROBFEIWEED R LT E2&RENLX, $TICEET
5. HARED IR SR As, MmN IEBRIC
o TNT A LHEROWHIK CKRIE A 71 7 OIFFRIZHE
Z ¥, Eastern Garbage Patch, ® L < | Great Pacific
Garbage Patch'”) ZE3ET % & OF5EIL, AAHER T —
% % FIF L7- Wakata and Sugimori (1990)'V %>, ¥/
BRETINV L TERER % AT > 72 Kubota (1994)* % I %
L L, i Th Maximenko et al. (2011)% 75, f#aEBER
WOERTA T —% % b L IRATHITE & RO R~ 15
TWwhb, 2L T, ik L7 YouTube |2 & 5 K FH A
&, 20X MR EZEIMEEINTVLOTHS ).
WT VT OBl BN AU, HE L BRI & A
METIV (FFL 1) %7235 T i kaiE o BEE
FUO0 FEFOFEEY, S LICTHEIEY TN
Twb. BUER, FEE~EmEORFERT— 5 &
BT 2 W BRI 72 Y 2 7 R A3H ) (HART
I Japan Coastal Ocean Predictability Experiment 2 (JCOPE
2)%~18 L Data assimilation Research of the East Asian
Marine System (DREAMS)¥? 2 2), T 5 &iff EJEoD
BT 7 — % (5] 213 Japanese Re-Analysis 25 years™)
RH AT — % (Advanced Scatterometer (ASCAT) 7
—H) R AEDELI LT, BRBEOERETILO
BENTRETH L. £b2d, HHIHTLTINET
o THROEZPITEE L, I isoBOLE
ERBREAND) A7 2% 5 L, BESLBEIN R TN
FEVELZ R TE v, BEALERET VT
7SR F DM, AR b ENER L L THTROHE
i, UGN EREET L7259, ZORAERD, T
ISP EENECIAT 723 2 Y ADBRIIO %5
L IfEL 72w,

7272, BZ 5 CREOMEPEE 21V 725678 O YouTube
B, 7 A0 AREBIHETINECHERRTETA
THDDL., REFOTRIL, T I0RLFICIEELE
O, T RICIGERDSH WL ) TH S, T ISE
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ROFED MO NBHEFEOMIIE, 1T I OE
[ B % 5 2 M B TR ORI R T L
DR, T I RAEROR RN A Ch B %, Sk
BT TR L, TIDOEELICE THROBEELSES
BUFIUE, TIRERERAMET 2HRIEIL B
5.

3. Az MORE
3.1 BIIEBENDE=42VU>T

T S AR ZE R ZE B O K & AR HE I K S
B, EHHE T OFERMAHEE 2 FIEEIC L 5 FEE =R
HTIE, AEBEHICEIA2EL2X0KETET, EL
1o T — 5 OFFERRAHE L\, R 2 flIC & UL, FAT
T8 RS BT E o 7o falt O FRBER 72 HA A 12
W&, T KRR MR 8 &\ o 72 SRR R MR TS O 1 R
VE— by r 7l BRET— 5 OFEMEEYE % 1l fE
LA v =%y POFEGHREV., bEAHA, HA
WCEB)E— by v U FIIRGEIHT ETHET I IS
FEHATE WA, kY, VE-brI 7 q
F—Fy bEMMAT A LT, S TR 2 A&
=) Y FRORBESIEI NS, BT 2 M T
I, BRICHRELLEYZTHIRAT (SATHhAT) W
WhHZET, MG TIESEDE=Y ) VT &
o729,

HEFNBOFEREIZH L KPiEE T2 EmAICH
BELZ2BOY =75 X5 (Fig.1b) T, 200845 H
P HIAE (20114612H) £ C, 9055180 i i % ki
MCThHb., 727 h AT 1 TR LZEREE (Fig. 2
a) 12, HELT 28 ¥om T I s TBh, f§
ICHER E BbN B ATFa— VO T A H5H .
DO, W7 —% (jpg 7 7 A )V) (L, ISDN [nl# % #& H
LCEEYTUNAL FTDT 7 AV — N ZHnk s, W5t
BT, MESNLWEGET—5%, A5 —Fv &R
LTHUSELTWA, BfT7avyz s bClE, 20X5%
VITAATIIEBEZY ) T %, HARNE %10

(b)

Table 1  Beach-litter measurements using a balloon on the

Ookushi beach

Areas covered by litter mass per unit area total mass

(m2) (kg/m2) (kg)

22 October 2009 123.5 5.8%2.1 7162259
31 July 2010 490.8 82+2.6 4,0251276
5 March 2011 248.0 11.5+2.7 2,852+670

PETCHGERTH Y, B TOEET -5 %7 =7 TR
Bl L T\ 2% (http://www.ysk.nilim.go.jp/kakubu/engan/
enganiki/umigomi/) .

ARIFFETIE, T I LM BEHE L EERD
fefr L L7z, W= \ilE T 3 ORI E 2 UL,
HFE & MBI A2 T IEERCHRREIT—FH L 25,
LA2L, TINEBGEMIZE S TWAEEIEHICLT,
—HEAYICE T I E A &, EE R & OB BEARIE
HBELIZCWZAS D . Nakashima et al. (2011)21%, 2009
FEI0H IS, NI T LAHFAEFLTA LNV — ¥ (Sky
Catcher, BZE#HFH 17V 5 VA 2T 2 WY FH), K
Filpm R e 22 L O T I BERE L B Lo, W4T
LT, MlFEICBTAEEDIOPATIZHITZ2mX 2m
PN Tl T I Emaitm L, B EELSC) OER T
L7z, BEIRC B E S 2 2 72 E =T 700 ke
Tholeh, TORBIZERLZ2ROFAETIE, EB
2, PEETEREOBINCIE U728 E OB InAHERE 2 T
2% (Tablel).

FBROY 2T H AT MR ERO LA OHRET 57
O, WEEEOEMIZIE, B LD RmEICERT S
BAMHIEZET 5. 9, BRBEXILRTWiFRY
— M (1mX1m) 2~—h—L LT, 10BIEE % =
DY % LEICE S, GPS TENETIhD ¥ — MIE %
Al 2. 208, EREICRTZES,»S, £ — M F
TOWFAHE LT, IO EEEFEiEETHE 7

5 E9 WG ENEESE S (Fig.2b)%%. 7277 A
T ORENME L FEAERIEESNLOT, 1EDOY—

Fig.2 Photographs taken by webcam 1: (a) the original photograph taken by webcam 1, (b) the

photograph after applying the projection transformation to (a). The panel (c) is the lightness map

on which pixels with the lightness greater (lesser) than the threshold value in (b) are colored in

white (black).
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Fig.3 Time series of the area covered by litter monitored by

webcam 1.

B —WECHE Lz Mg, 2RI ans
ETOWBRIIGETH 5. YE%iEFEOMmT T B
ZntaEnnd D% W7o (Figs.2a, b), EEHEL
IR0 OFATHR 2T, RGBEN S D 1 K%
WCELHEDS, U LE LB Y7 LV EiFETI LHE
L7 (Fig.2¢c). #ETILHESINE 7 LV EIC, B
FEBIZBIAIEZ Y VOREEZELLZ LT, D
IWMBEM S/, 2720, KEEoRY) R L T
WCHHESN LI L AP C20, 12 ABOmE I L
2, HEEI0%E A Z A AB0% L FTOY 7 i, WhE
MR DFHE D S B L 72,

LR D FNETH 72, 20084F 5 A 2> 520094F10H £ C
D, KBEICBIT 5T IHEEHFEORMZL% Fig.
SIRY. 72720, BF—%121%, REEIIZL BHR
OZALICEN T 28 A MM oLE s ENE. £ T, £
BRICH T IWBMEOMRNEAHIIZEZ SN LD
O, TAMOBEIFH T ETT— % 2 FEL LT
Wh, FNTY, WEEEICIZL ~ 22 AREO KD
LEISHHE CTH A, Fig. 3 OB RN &, JH38 O Quick
Scatterometer/Seawinds 7 — % & O % /.72 Kako et al.
(2010b)%2102 X AU, T I PR O S 28I, i
O EICRAR RIS & =T 5. 72720,
DA ELT L b R & OJAAH < % 2RISR 2
59, MWERWi:, 25K 0 —En L, w{
OPDOEEM R ERNDPEZ HND.
3.2 BOIERETINVEREEOEETE
H4OERBRT— % il 7 — % 2 FH 4 g,
B4 Gl 4 L2 b3 2 i e MU e > CRIB 23T 51
ROBERETVHABEETE L (FiLl). 2L, SR
EFNVOFBFAZ MV ERANY MV EFSIZAT, T
I OFEAE MR AVER 2 AT U, s iz
W2 kT DBHR & o THEFRIEE SN D B RR

Fig.4  Schematic diagram of two-way particle tracking models
(PTMs). Objects released from the true source, SO, reach
the four receptors, R1, R2, R3, and R4 in (a). An
observer finding the objects at the receptor R4 attempts to
specify the true source, and finds the source candidates,
SO, S1, S2, and S3, using a backward-in-time PTM in
(b). Thereafter, the source candidates except the true
source SO are rejected in a forward-in-time PTM in (c).

See the text for details.

FHEHRE TV). B 2 1E, Batchelder (2006)% 13 3 7 1]
HWTBEHETVE AW TABOREXITH) 2 LT, —
Bett 77 > 27 b~ (meroplankton) DFEIF % KD D &
WD L TWwa, 72720, T I OB I A0 2 K
FILHGERE S E NS 720, Bl IS RIS EA
WO BIFEHE MBS 5 .

Isobe et al. (2009)%1%, BEyHAHH LK ST
ID &) RERW ORI D21, RO AL TR
ETFNEREL TS (Fig.d). BOREFRTH S S,
WA LT OR T, R D ROIASES LK %
%25 (Fig.da). 22T, RilZ\W 5 BIEH DN E 5K
ODFEEFROHFEEZRADL L L L. 72721, RiNDE
ERENE, B ERAR Y 2 7 ATI2L o THE
HEAET A, FEGLE B & W[ 7285 T T8 B
ETNEHCDZ LT, EARMIZRICEA L 72HBE
BT 13 So ML) T > T 2, 5 E 7 V3L
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OB (v 5yt —2) 250D E, RANMEIL S
R T, BT SRS D Sl THEY
57259 (Fig.db). T2 TSon5H SsDETH “S8ik
B OS5, NS LWISAEN (BoRAEETldk
) OWEEITH. Thbh, REHREEEZILICELT
(MEJ5 T RL B B E 7)V), 3 5 R THB B E 77V TF
AEVRER (So~Ss) (SRLT-25F0%E L7280, 2ne
NOFSEFEM R T2 AT 5. ZNEND34
VR O ER 2 MR 7ok 1-1%, R & BUSE T h o
Db, WHEREIC L > TREBIZHGEL TV ESL)H. £
D%, EBRICR TOEEDVBE SN E T, HY
MEHEZ BT 2. 2oL &, ZNENORAREERD
S A LR, RFREOSINE &, A F-HEDS
SIERS A EE T E SUCERT S ST, KALE D
PHER A AR RS . F#h (FECERT5) HHEORE
A0 2 42 Rl (FE) 1CHA 2 LT, RTHEDOF
YMEE e L2EHERH e TES (Fig. 4
c). BIAIE, SohSL#A LR EED/E S KM AN
Rix &I, HMERAEDO2{HZERE T 2EMANICH
LHDT, TIIHFEAIES % TIHREREROONDL, &
AN, SihHEALIRAAREOESLFEMIE, W
RZGTHWVi0, ZOREREMIIENIND.
Kako et al. (2010a)'V &, BEHIZ2> (2006)12 L72255
T, BV EOWRILE T20084E 7 HIZHYL L 72 f#iviET
FGAY—IlHLBEFTVOHREMELZHEEL, Zh
&, BT IARL B R AR E S 72 & i L
7z (Fig.5). & b ICRILGM I LACIZ S AALE A3 7% W 1T
&, MBDGAINL, TWV—PBAr5NE.

40N

N

3N

MN

ITN

3N

I8N

TR

4N A

AN

115°E 120°E 125°E 130°E 1357k

E 512, Kako et al (2010a)™13, FLEHET 2 4EH
IZh7o TEHELZZBH OW T IEEMEFNM L, ke
FeRok L bk o B Ak FBE A G DE D 2 L
T, MEBICEET AT (MEREZITIZ WY b
RV T 5 &FE) OFAEME, F4EH, L T3E
EEMHEE L7 (Fig.6). 20X ) 12k S n 7zl
TIOFAEER (ME, B, BEE) %, FHirT—
5 7p EHS A B BIFENY 7 228 it 0 R T BRE 3 A IR E
TWNIE- 2 X, EEREICBI AT IEEEOHHD
TR TH D, FER, Kako et al (2011a)®13, EiET
WAZ BT B ILETBJEBA~ORFRER -, w0y «
791 A T TIR72E T I B AR O RS (HERCR) @
B R5 & i L (Fig. 7), #ERIEORRG % 15 A
BHICESELI LT, ZODMRMNL T+ 52
ERRI L. 1 2B ONMHZEDFERIEAZDS, b
%4 Kako et al (2011a)® D& €7 NI, FEMBET
FEAERICLELZTHF2EPRALTEY, 12ARE
DR ATr — VTR EEHETE v, Do X
2, T IOWMOAZL ST, BIMLE#EZ SHEEN R
BNPEZ ONDLWREIIBT LTI 0RD S, JHli
WCO T IERBOHEE L {RHE SN T HR
FECH 5.

Fig. 7 & A5 &, Hiff - J g L TOHE O 8w R
("FD 7L —0ff) 121%, TIEEFOFHEMEIEL
CHETT 2 E03b05s. BEROEESTIE, EoLl
EARTTI AT 5 RO HMEICELT A2 THAH
L, AN=2 AR 7 FOEHPL, HHIZ7 < BOR
M7z %D, BRIV IS BT 2T I #k I I3 EE

T T T
1EE L20E 125'E 150°E 135°E

Fig. 5 Disposable-lighter sources derived from the two-way PTM experiments (a) and those derived

from beach surveys at the Hassakubana beach (b).

shown in the inset map in the panel (a).

domain.

The location of the beach in Goto Islands is

The rotated square in the panel indicates the model
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Fig. 6  Plastic-bottle cap outflows from each source detected in

the two-way PTM experiments.

' L L L L
200805 0807 0809 0811 200001 0903 0905 097 020

year/month

Fig.7 Temporal variations of the time derivative of webcam-
observed (bold solid line) and hindcasted (broken line)
quantities of beach litter. Time series of quantities of
beach litter observed using the webcam is shifted backward
by 30 days. The time series are normalized using each
standard deviation. Gray bars denote the period during

which the typhoons passed over the East China Sea.

b LN, F72, Kako ef al (2011a)®Tld, FEik
T = Z IR E TV O NRERE WS, Thi
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Fig.8 Time series of areas covered by beach litter (a) by
assuming that litter clean-up work is carried out every 90
days, and (b) by assuming that work is carried out when
the area reaches 30 m®>. The dotted lines indicate the dates

of clean-up work.
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