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Utilization of Earth Observation Satellite for Tracking Foreign
Marine Debris on the Coast of Jeju Island
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Abstract — Jeju Island is known for its constant annual inflow of foreign marine debris (FMD). Because the histor-
ical data presented that FMD in the coast of Jeju Island tends to increase in the summer season, the study investi-
gates the relationship between the offshore presence of low-salinity waters and the amount of FMD in Jeju Island.
As a result of using sea surface salinity (SSS) from both field observation and NASA SMAP satellite for time-
series comparison with FMD, the FMD on the Jeju coast significantly increased when unusually low SSS appeared
in the area between the Yangtze River mouth and Jeju Island. It is notable that earth observation satellite contrib-
utes to tracking a massive inflow of FMD based on ocean remote sensing.
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A AR ST A&E= Atgste) Q1R8] 7= AT AR &
HIE 7153713 Qlom], o] 2 QlIsh #7|&S] WA & 4= Gl
Al ek 53] #2719 75 S| g A
gl she Bl Qo w2 A7k n]go] Q- r}(Seo and
Kim[2019]; Jung [2009]). A7 1= 4]0l =] S )
gt uitE fEEAY 298 2 Adke] ojs o MAlE= &
2IAE] Aol g ARshs A 0w 4] l=tl(Jambeck er
al.[2015]; Ryan et al.[2019]; Meijer et al.[2021]), ©]&] 3t Z&}~
g 27|52 FEl 9 A vk 55 AR sliokdEAlel o

o =
P& VA= rHlERREE FEA7171% itk (Han [2020]; Seo
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and Kim[2019]; Kim e al.[2019]). 3Felx] 2] wAlEetEo]
FE wet ilehs 749 13RI Y alilel e JekE v
7Fs7dol 212w (Han [2020]; Kim er al.[2019]), P]A1Z2}
T3 FAES AAF Al Aol aFES vE F 9l
THATHBak et al.[2021]). oFAo} A2 739~ vl 13
=o] ZepaEo] EFHE A 2] FHdowAe oes @
Sl AoR & QO™ (Meijer et al.[2021]; Lebreton et al.
[2017]), $HELE BfQtell A A E = 257131 sk 22871 (FMD:
Foreign Marine Debris)d] 44+ T5TdlE AAA AFEE
X3 gaiklell JF fil=hs 2lo= A7t Han et al.[2013];
Jang et al.[2012]; Lee et al.[2012]). V] &&-9-5=(NASA: National
Aeronautics and Space Administration)©] *+-#3F= CYGNSS

(Cyclone Global Navigation Satellite System)$]’d-S &3}o] %13y
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H ArellM= FAshelA mlEE nAlEE g o] o5 3t
HEEe) it Agtow edS sl el tigt glojrh WAk
& F31] AAE vF QIth(Evans and Ruf [2021]). WA 2 A
T AN e @ A5 AT A5 EAEE B8] dl
¥ GE(SSS: Sea surface salinity)?] A]57+ H3kel FMD2] 4
2 ¥g 2 AN getstar ol & F2sH] 93k Weks EAlsh
Stk ol & flate] AE|Aow FRAQ Wt W ofrAt skt §
Al olom, Az Fil=E ek 2xa7)9) vt @ Aol dist
A2 o] =2 (Moon [2021]) AFLE ek} Q1 dl9S <l
T oz A3

al
=

2. (7KtE I Y

2.1 K=

ATl E8E FF #5 A5 F FMDE SR
= (MEIS: Marine Environment Information System)2] 3
& Al (https://www.meis.go.kr)oll 5 ¥ AFE 371 st A2
FMD =% 1.5 283131 =t (Table 1), 2010~201492 A5,
2015~20204> Al 9} e = s o] 91k 1,3,5,7,9,1180
=¥ FMDE &8-53IthFig. 1a).

Table 1. Data used in the research

Y IR R E 5 A IS 3l 3EH D (SSS )
] A8 (NIFS: National Institute of Fisheries Science)]
Skl WA} 2 A E] (KODC: Korea oceanographic data center)l| 4]
AL G54 57971(CTD: Conductivity-Temperature:

Depth) 7]8F2] AA sk 8Z=21E (Table 1)5 223131 th(https:/
www.nifs.go.kr). SSS= FMIE A o] £¥5k= KODCH7] &
1gstar el AWt do] &

= A ESA A Zxel @l
G A ARES D8slo] aid 52 SSS,. 0l ek S3F
3t 4] (Averaged SSS,)E AFESIATHFIg. 1b). YAHAF SSS+=
NASA2] SMAP(Soil Moisture Active Passive)$}’do] =513k 71
X NASA PODAAC (Physical Oceanography Distributed Active
Archive Center)A}Fo] E (https:/podaac.jpl.nasa.gov)s &5t &
5%l 36 km 57t dPIES] D AR (SSS o) HEITH(Fig.
2b). SMAP 9173 2015 19 AL o]F Fd 485 H B2
T3 SSSE B3l I=dI(JPL. [2020]), L-band =35} of
19 Bl W Y] REE FAlste] 759 P v e
ME SSSE FHBR= 54 (Fore er al.[2016])°] ATHFig. 2a). ©]
o|% 8% B= 289 SMAP(version 4.3)SSSS] H]aw ATt wh
20, 5% 29 A3 (RFI: Radio frequency interference)s-2]
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Fig. 1. a) Three marine debris observation stations (Source: MEIS) in the Jeju Island, b) CTD insitu observation stations (NIFS), red dashed
lined box represents the group of observation stations (315~317) which is utilized in this research.
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<{SMAP (Soil Moisture Active Passive)> a)

Operator : NASA

st \WORLDVIEW
Sures Pies &

Repeat cycle : 2~3 days
= Measurements : Sea surface salinity, Soil moisture
Collecting source : L—Band(1.41GHz) brightness temperature

= L aunch date : January 2015
= Spatial resolution : 36 km

Fig. 2. a) SMAP Satellite and specifications, b) SSS presented by NASA World view website(https://worldview.earthdata.nasa.gov/).
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H1o] §SS AME UdE]E HEolE E-4% AP 91O P 2 (Kim ef
al. [2021]), AF5.2] F4ol| & oS §le Ao w ddagict &=
Bk 2 Aol AFS-E SSS, s RFI 8419} HE|H L) 7l
Mo 272 AFAS =91 SMAP version52] SSS AFEE(Peng
et al. [2020]; Fore et al[2020)ZA] A7 A5 2 Bg3817]o) A4
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seadas.gsfc.nasa. gov)& &-8-3to] e o, o] & nfgow
SSSetimatotogy X THEE BT O1 (A SSS=SSS,05—SSSctimatotosy & &
sto] g3l
MEISeIIA A58k EA B AT

Jof] rh=

. 2010~2017

45.6%
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® Plastic drink bottle
(Spring water, yogurt, Chinese beer, etc.)
® Plastic bottle cap
® Plastic buoy(orange color type)
® Plastic buoy(elongated blue color type)
Vial, Syringe, medicine packaging
1,344EA ® Plastic buoy(round black color type)
® Cigarette lighter
® Plastic package for food
(ice cream, snack, etc.)
® Glass drink bottle (alcohol, etc.)
@ Plastic detergent, shampoo, etc.
® Plastic buoy(round blue color type)
® Others

Gimnyeong-ri(2015~2017)

Fig. 3. Pie chart of FMD component in Jeju Island (Chagui-do,
Sagye-ri, Gimnyeong-ri) in 2010~2017 (source: MEIS).
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Fig. 5. Time series (year: 2010-2020) plot of FMD in Jeju Island (Chagui-do: line with black triangle in 2010~2014, Sagye-ri: line with
red filled circle in 2015~2020), and Averaged SSS,. of line 315~317 (line with blue circle).
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7} 73k= Al71el FMD frid®e] 543] S7ktalvhs 42 &
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Fig. 6. Horizontal distribution of SSS,, 4 on a) January, b) March, ¢) May, d) July, e) September, f) November in 2016, the black contour
lines indicates the YDW (<30 psu), red rectangled area is Y-JBox, FMD of Sagye-ri and Gimnyeong-ri is indicated as a number.
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Fig. 7. Horizontal distribution of ASSS on a) January, b) March, c) May, d) July, e) September, f) November in 2016, black contour lines
indicate the YDW, red rectangled area is Y-J Box, FMD of Sagye-ri and Gimnyeong-ri is indicated as a number.
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Fig. 8. Time series (year: 2015-2020) plot of FMD in Jeju Island (Sagye-ri: line with red filled circle, Gimnyeong-ri: line with green dia-
mond) and Averaged ASSS for Y-J Box (line with blue circle).

Table 2. Indication for YDW’s impact to the Jeju Island

Case 2015 2016 2017 2018 2019 2020
waltlﬁ: f;;?ggm closed to the coast September  July, August, September July, August - August -
When did SSS contour of the YDWinclude the ) July ) ) ) )
Y-JBox?

T o, Ak Sy Ul FEAe el o3 G T oiekst  dl] arEe] Aadol g Eth, F7H 0% 2147INE SS9} of
SHow uvlstoiof stk F, AT USAHCE FMD 9% T SEE 7Rk iR Al &3 B AAIE E3to] FMD7F
71e] Q1S Adsk Y Swre] FUH 285 AR vt gjjtow we] A o]EAE Al ol E Zlolthk(Fig. 9).
AUtk olE 59, 2Eso] sl 2287] A Q10 2A AAE NASACIA 88h= 2l A7 85914 Z2E] Worldview<]
v} 91 © 2 2 (Jambeck et al.[2015]; Ryan ef al.[2019]), Hol5ol A% A& BHep$AES 7HEo R t)oksl £ 9] A9 v ¥
gk SRS Fato] ok 2§ RSl alieF 2al7] wAake]  ghell 3 AAsks 71we] Qlol f8sHAl 2olar Qitt
AW F7H R ATel & 7 vk NASAS vlelfrl7]= SlelA= 2020 28 HE] A= Mt 2BEE
(NOAA, National Oceanic and Atmospheric Administration), 7] -3} FHAIAE 7IREC R 81F0f| 1030l A A FiTE
ST P50 2 $-835h= Suomi-NPP $1499] 74-9- v A 1 ¢k3t tlst Al E-S Akl Qlth(https://www.khoa.go kr). ©]
Al 301 ol A|g-de] oY EHle HYehs 710l 9lom, o] AH S AT a5 Foto] AAtE = SSSE Worldviewh
o Eolo] oRlell ks Adute] s vjed 5 %E‘r(Elvidge B2 EPES 7O R SMAP 91799] SSS9} g5, s et
et al.[2015]). ¥k el 9]2te] & e} el Ao® YDWE ¥EePHA Suomi-NPP 9149 okF 9] g-s

FMD from fishing activity

(Density of fishing light)

- X Potential FMD
monitoring area

“based’on curreni

FMD from the river
(YDW indicated by SSS)

o

Predicted ocean current

Fig. 9. A conceptual diagram for monitoring FMD by using multiple sources (NASA Suomi NPP for fisheries activity, SMAP satellite for
SSS, numerical model), the right-hand side figure (Fishing light and YDW) is obtained from NASA Worldview platform.
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