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Summary

I. Title

“A study on the detection and likelihood assessment of HAB outbreaks using big

satellite databases”

II. Objective of the study and its importance

Red tide events within enclosed and semi-enclosed bays of the south coast of
Korea have occurred frequently since early 1990s. Since 1995, red tides have been
dominated by Cochlokinium polykrikoides blooms. The duration and areal extent of
red tide have been increasing in both inshore and offshore areas of Korean
waters, particularly in the south sea of Korea and on the east and west coasts of
Korea. C polykrikoides red tide events have caused enormous economical loss and
negative impacts to ecosystems. Most red tide detection activity have carried out
in-situ monitoring. It is difficult to detect and monitor the red tides in
complicated oceanic environments. Satellite remote sensing has been successfully
employed to monitor the increasing spatial and temporal scales of red tide under
various sea conditions, as part of monitoring and detecting harmful algal blooms.
Especially, the combined study of remote sensing and large data processing can
develop new techniques of detection and likelihood assessment of red tides
and provide useful scientific data set to systematically detect and monitor the red

tides.

III. Content and scope of the study

O Collection and analysis of red tide big data base
O Comparison and accuracy assessment of proposed red tide detection algorithms

O Establishment of big-data platform for red tide analysis
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IV. Result of research

O Spatial and temporal variations of red tide events based on red tide occurrence
from 2002 to 2013
- Red tide occurrence data collection and database generation
- Spatial and temporal variation of red tide occurrence - transport - spreading -
disappearance
O Environmental characteristics in red tide areas based on in-sifu measurement,
satellite data, hydrographic data
- Collection and analysis of ocean, atmosphere, and hydrography data and
database generation in red tide occurrence areas
- C polykrikoides red-tide species optical characteristics
O Comparison of accuracy of red tide detection algorithms based on satellite data
- Analysis and accuracy assessment of proposed red tide detection algorithms

O Establishment of big-data platform for red tide analysis

V. Application schemes

O New technology and control system development based on red tide and GIS
systems

O Application to disaster studies using big data analysis system

O Application of coastal environment monitoring study for high resolution

analysis of spatial and temporal variation
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il 1 i O o L 1 susen ABelos Aason, 001de 27 sEHosA 2l A B
B [B5E| |k~ 2 |EE E (B o fqstel FRaAGA G4 8 Aoz wandth ol 20019 FE 19%, 1997
2| [elzlElEl] & BE 2 |= W3 HEgel H4z7h vad 9 @ 2 uelel Ba dAdnA diF SasHe

= |= - = A%, U S FTHEY ST, 2002,

= [ FYF4re(2004) 9] Aol wEw, 20029 FHHELAY EAL TE o =)
=5 [BlEE R E R 2% A% we wAHn 57U 1 A%d 3% AHe BUth<IY 214, 215,
o2 @) | e :Z;Z i om (2] = | 2-1-6>). £ 89 & Y JFI R A3 Uiwk FHols Tl ﬁiﬁET, 9=
il ol O R s Selole a4 H2sh wass £z $4e HolslE aaau} 749 A 95 9F
slemEsEEE = 5| B 82 Aol GaHe BAF AFRE YAl kL FA% £eo 4Pl ek W

St9l, 2004). 2003»3 A Az
A Fa e W megR
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ZAMA Azrb dAstdoH, tubdiel FAek 89 Fal R
2 95 ZeA Azx7t GAE A B3 200399 75 19951 ©]
Hz7b 2t 2001 ml F AT 31,000 cellsS B ARTD 4 F7ME ml B
At 48,000 cellso] Fl = FHaA oA B ATE Adsie npA 2 Az &Y
o] 62¥E 7|23 A5 HYHS B, olE NES BHsE HFol ¢lo 4
s FA ] W dASEHAY] WEoE Byt o]
7 A&EAL, 99 F¢ HF vV B3 F YA F
F&o] A wgt Az Ar|sst A3 =

e

o weh od 274K LR Hx
a7 AUAT, 98 27A
Aoz RAYThFAFA7ee,

Y FAE89(2005)9] Ao wrEw, 20043 AE T 27 g Ao
2 A ATeA Eaas f3l4d A2ME C polykikoides A A2 GF o]
% AA HA 28 Aoz BuFHJH<IY 214, 2-1-5, 2-1-6>). 2L} A3k 7}

3 e @, Fe HEH 2e 7)gwse bE sjEa wsiel Acke] ndR &
7 Fol aYelgers e AN Fe] MAY F 9w B 24E o AWHT,
AR oz el AFL FANY C polykrikoides’t T o’F Agdez AL
FAsA Zot adE Ao ® FAYT BT dwHo R quzrdA AZEHe dd
S g2A A AA A¢ B A AFA Qe A T C polykikoides’t BT
AL EAA @402 Hugrk=Yaaa3hed, 2005).
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%%T&ﬂri}%(zooml Aol 2, 200602 FFEY 7(]5—7‘34' FEAL A7
o8 & BE 9 3% W5 AR C polykrikoidese] 733 Mol YA Ao B
AYH<IF 2-14, 215, 2-1-6>, P54+, 2007).

THFATHEA008) 0] Aol w2, 20070 H2YE B WF Fo| w2

I FeEietol A nE s Azl 4" AoE BRuFch 89 Wshe 27 449 2 R
of YFgoz Hzrt FIUGoR 2&EA olF - FaH AL, HF A HE dFH A

& A9 A% NEEFAE F HolZ s Az ado] o] Fojn Ao FHI

Th<I® 2-14, 2-1-5, 2-1-6>, = 4ka+8H, 2008)
FP 54289 (2009)9) Aol Wz, 20083 79Y et shgol A A E 7] Al

o3

!
Loy ERE 43 deuUe 2 e Aegos Ad 99
_]

A %
9 T REOE FET AL oA R HOE FAAL Az I wY Y4

b
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e BEE st AAdHeH FeiE 9 AF F24359 d¥oR JIYY IF
o] qAH 1EE Hxr PAsA X AR AP ofd weh IR AN =
2B HE Bol7lk skt 998 = tirhdRrt ALHor FeA AYAA FAHU
3 AR BEF ALHAeH AESFIAE AFHAeI Holge] W EL

MTHEERTL o4 TeEoE Fdste $7 WEel 2 9L v oz B
99 & AT AN 2 RHIZ AT AT FhE Az Aol nuHg

2
3, Addo] FRF WA AEFFIE FUAA R 5L PR HJzE 2¥E A
o2 FAYH<IP 2-14, 2-15, 2-1-6>, TP 543484, 2009).

FY R4 (2013) 9] Adbell wEwE, 2009 ~ 2011A7HAE FEHAE Hx AEY

wigo] AEA ekskth 201092 199549 ol % HYUIZE 3¥U3 C polykrikoides7t A
&3t 283k, 20119 GA 19959 ol F DAY C polykikoidese] EA o] GLATH
(<" 214, 2-1-5, 2-1-6>, T P54, 2013). 20129 K308 C polykrikoides 2 2%
Aol AL 78, B9, adEstoltt. 20128 C polykikoidess 79 279 HE 10¥
249 R F 7593 ALHAUL Gk Aol 2 Fogstd HAE HAow ml 7
At 23,000 cellsE Holx TUES 7} BATH<IH 214, 215, 2-1-6>). F = A%
oz gF Beha dble] AY ¥ C polykikoidess MIE &7 4ED ALHUGD
(FHEFEAY, 2013). £ T8 BF ke Ao A 2FE A M H=zE A
ou 1% - 59 % Aze ﬂi 22 2y 23970 ALHAGT 2ugo

1

79 SEte A AT e ArFo g A FHo] ALHAT, tubdRY A
2 ddnt 35S ey, 29 $3AE vl A& JE5d AzYE]
Ak AA 7h&sts Bejdol o2 wdt =3 dAddde] ve #2F F 4E
SRR MAZLR A3 FAAA glo] F Molrh o]FolA 12, 1Y, ZxEAA
& Aeks C polykikoides?) 370) 34 87 oty z7] 24€ o FAHAL Ad
SO MR ZUAENA DA Yo gFERE TG C polykikoides= ml T Tl
34,8000 cellsE& Hole IUEE RPTH(<IF 214, 215 216> ITHFAHAS Y,

2014).
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| 2(8-2)

<3¥ 215, 2-1-7>e4 A 1990 th Fuk B ko] Az WAL o Fo A%
A g AEHAAT, HT Hx BYL 295 B 71E7A ALHE Ao
2 gotE et o]d Ao RE Ak ] Ry tsimut ofel 7| FWS ] o dFo
2 3¥Fo Atk 223 199598 E 20139714 S5 Az 9ade 1,344.99 0]
3, APUEE 1198908 ALds B E5dsed Az S wE AAZ d:)7t
A TAAG. ETFEEE 109 ol Fsir BAg st 73 28ta, Aeds
332 EFdRd 37t 2A TAsE AoR YETh

20029 5H 2013707 AAE wA Az 24 We
2 delE B o Azt LAy, 8YL
o, 9ol alEet AA Aol s B HI sjelA HAFHYPTH<IH
2-18>). ALzl Az FA NEFTL L F9e I ool = Abe] 39
o7 Yguy, EFdRdE dF, giE 9 ¢
TH<2E 2-19>). 2002358 2013744 AA 2

=

g

I
.

GAE oA $EG TF Aol aejel A AFse 27 52
AL %, GAE A Aol A% BASE Ao ETH<d 219)
0 7 N . -G = I 0 O = B

= 1996(29)-0:21
©1998(@4)-0.01
-‘200!!(29)-0.03’
2002(57)-0.:49°
2004(30)-0.01 "
—2006(35)-0_@7 . ~ 2006

2008(62)-0"
. “FovurTE)y
= 2040m0
2012(75)-0.44 2012

Year(duration)-the amount of damage(unit:million)

<39 217> Az B4 A7) 2 s
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Longitude (°)
<I¥ 221> (a) 20149 59 ZAAHA, (b) 20143 8Y ZAHA(RI~5: A =LA )
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<E 2:2-1> A BS5 AR

(a) 2014 5¢ #F AR
Station Longitude | Latitude Observation time Depth Sample
(@) €) (7yyy-mm-dd hh:mm) (m) (m)

D3 127.85 34.58 2014-05-19 11:30 21 5,10, 15
D4 127.92 3442 2014-05-19 12:53 45 5, 20, 40
Gl 127.75 34.40 2014-05-19 14:35 46 5,15, 40
G3 127.55 34.40 2014-05-19 16:40 18 5 13
B7 128.30 34.60 2014-05-20 8:50 45 5, 15, 40
B8 128.30 3442 2014-05-20 10:58 59 5, 15, 30, 55
A5 128.68 3442 2014-05-20 14:05 86 5, 20, 30, 50, 81
A4 128.68 34.60 2014-05-20 16:30 67 5, 15, 30, 60
Al 128.70 34.79 2014-05-21 8:40 19 5 15
A3 128.59 34.67 2014-05-22 14:43 72 5,20, 41, 70
B2 128.45 34.78 2014-05-22 16:15 15 2,5 10
B4 128.30 34.73 2014-05-23 10:50 30 5 14, 25
1 128.08 34.92 2014-05-23 14:55 18 5 13
D2 127.98 34.70 2014-05-24 12:18 25 2, 6,20
F1 127.77 34.79 2014-05-24 15:00 13 5 10
El 127.85 34.93 2014-05-25 8:50 14 5, 10

(b) 2014\ 8Y &= AR

Station Longitude | Latitude | Observation time | Depth Sample

€) €) (7yyy-mm-dd hh:mm) () (m)

F2 127.77 34.75 2014-08-25  10:20 15 2, 12
D3 127.85 34.58 2014-08-25  12:55 20 2,17
G3 127.55 34.40 2014-08-26 7:40 20 2,17
Gl 127.75 34.40 2014-08-26 9:42 45 2, 20, 42
D4 127.92 34.42 2014-08-26  11:25 46 2, 20, 40
B8 128.30 34.42 2014-08-26  14:18 57 2, 20, 40
B7 128.30 34.60 2014-08-26  16:50 45 2, 20, 35
R1 128.57 34.77 2014-08-27  11:50 41 0
B2 128.45 34.78 2014-08-27  13:55 14 2, 10
A3 128.59 34.67 2014-08-27  16:50 75 2, 20, 40
Al 128.70 34.79 2012-08-28 7:00 19 2, 14
R2 128.44 34.72 2012-08-28  11:00 36 2, 10, 20, 30
R3 128.39 34.74 2012-08-28  13:40 56 0
B4 128.30 34.73 2012-08-28  15:40 29 2, 10, 20
R4 128.32 34.73 2012-08-28  17:00 29 -
A5 128.68 34.42 2012-08-28  21:50 78 2, 25, 35, 55
A4 128.68 34.60 2014-08-29  23:40 70 2, 25, 50
R5 128.10 34.74 2014-08-30  13:00 24 0, 2,5 10, 15
D1 127.93 34.74 2014-08-30  16:20 16 2,13
El 127.85 34.93 2014-08-30  19:10 14 2, 10

,27,

<E 222> FA TS &

A F-E-of A F-Z A&
NP, T, 48, UE, FYHFEAZPAR), FFY, &
e i} _
e, RHEA, 82 1718 §% 94N EE 3%
AE4 g size fraction, YAAYLHFHA-F= vzl
ANEEFIE _
), AEEFIAE §4, C poykikoides 5%

2. 3% 43 A5 B4UH
7h AN E
1 =gAE

CTD(Conductivity-Temperature-Depth) & ©| &% dF#AZL2 &
oA AF Y FHM sk ZA A Q9L nwaly
ol o3 3 (water column)®] T2 EAL ot FFHBZ sensore A EZ
B Al T FFL a TR 4 BEXE ZAst=Hl o] &AL, CTDO F#249
PAR sensor25-E| FAlo] wE Fako] A3A
1= SBE 9 plus CTD, SBE 37
& a4 Z2RYE AT

2 9842 a%®=E

A 52)s Al (8Y)oll A et Az LA A AFEANAY AF4L a
Fe g3 2ol o]FoiHth. CTDl %3 H Niskin bottle o] &3t 77 m3,
SCM(Subsurface Chlorophyll Maximum)%, #1398 d+E Bl =2HA &EF ¢4
o gob Attt A s 1EA F EE A2 F AAXYY 30 ~ 40 kPa
ol Al Whatman 47 mm GF/F #A 9 5 pm pore size 47 mm polycarbonate
membrane AF}AE o] 83t ARt AZAY AGolME B 500 mis o H3A
ot o3t Bd AFAAE 2 mi cryogenic vialoll S-S & T FA HA ko] BB
o pigment degradation®ll T3] HAsEHIL AA DL BAG AEE /e W

AN

,28,



BAE AT AAE FE57] A A ALNA AAAE AW 20 mi vialol] ¥
90% OFAIE 10 miE H7FSl 4°CollA 2443t Wk BelelA AE54 28 FE2IT 72

3 A ZE A7 Whatman 25 mme GF/F d#}AE o] &) ZHAAS A AT
AL BF Y24 aSigma Co)Z BAZ FFJZA(TD-700, Turner Design)S ©]&
3] 27 ¥ (Parsons et al, 1984) 2.2 AHEFAQA FE4 k& F3ATh

o

() FRA-BE AR5 A

FRRFOIA L2 &3 AAFE ofg9] 4& o] &3} (Kolber and Falkowski, 1993;
Suggett et al, 2001) &% HFa T FEAFH(Phpe, mgCmgChla™ 'n™")& A4sS
oh.

o

Pl = E><J’PSH><qp X, Xupgyy X f XS [mgCmgChla™ *h™ "]

A71H EE BFAFEF(umolm s holw o Me AP oA 2AH 75 F
S'5"‘9_'“"‘17—“,(10720m2photon71)0113]'. q,= Bty adAFoH ¢ FATANA 1 mol

Eay
12471 AAsHE da EAE JedE AAAD FAFE(mol O, (molelectrons)” ') 2
J

™

€ AL3A% npg s FHA D27 (mol RCII (mol Chla)™')olw o] Aol A
022 44 5} 94 Th(Falkowski and Kolber 1995). f& ¥3-& oA e FA T uk&
A Aol SE Y FakdAtolt

AR Pl A FFA-FERA(PI curve)oll H§slste dziws @9 JE4

of

0.2
0.0

g Al FIRHPY, mgCmgChla 'h™ )3 343 olstoll A FPAH-BE mdo] 27

71€71(a, mgCmgChla™"h™ ! [pmolm™ %~ 1] " )& F3kAth.
@) ¥F FHEATSS, Total suspended solids)

GF/F 93}2)9] 7% FFFE 1/37]1%F oM 28 furnacedl 450°CE 443t 33}
¢ & FEES &3] AA] S5t dAIACIH A 24412 Yo T} Polycarbonate
membrane A #A 8 A9 50°C LB 6AZF AZAIZ ¥, 24T FF A AE F
o B#g T FAES SASAC. A4 BSAHAA B 500 mio dFE EHIEH 30
~ 40 kPa 9 dtollA FAE A A ARtk A3 T A8 AAs] HE FF
F 100 mi& EHFo] FEo] AAHEE AL, BA A7A YERB 3T

_29_

AGA A AHRAES 50°C LB Y1 6N AXAZ T, TA HAACIE A 24
At RS o FAE SASAT. 9 19 AFfA FAS vlmste 1 WHsEE
As) F BREAFS AL

(65) YAF &4 F3(AP, particulate absorption) &%

A EAY FREAP)E Z4387] A8 oA Whatman 25 mm GF/F& A3
I, A R o P 8L a A3 T Ttk AFAE AFsF] 15 ~
2083 E7HFATE ARSI AFAE ¢ 25 ~ 50 miS A2l 2709] blank samples
AR, " FAdAA AP sFE 300 ~ 500 ml FEE AHt] WES 5
3, B A7A] AR Ao RBsSh

E3AF 2HEQS Z437] 98 UV VIS SpectrophotometersS AM8-3om(<1d
2:22>), HAEE EH2E3L7] 93] air-air baselines Z43}3 Noise7} 0.005 H]§Ho]
HEE ot AEE ZAS7 O 4 reference AFHA 27HE )83t 34 350 ~ 900

B9 A baseline corrections HH3ATH FAHL NaEs 4 TR A4 &
HE fA331 SAHste =50 AFA7 Lo =25HA REE FIE Vedt &

Aol B ANEE A tissue capsuled] ol Ws E# &9t

< 9% Uv VIS

N

<1¥ 222> Optical density (O.D)

Spectrophotometer

_30_
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23 B4 §3%(0.D,,,, optical density of total particulate absorption) &

go] ¥ 9}A|(blank sample Z3HE F-FEHD hd FFE(0.D,,, optical density
of TSS)E ZA3t7] A3l Tissue capsule®] HAFAAE 35 mm petri-dishel &4 FiL
100% ®IH-& 4 miol ¢ 2 ~ 4N F7FFT AEged @7hE A §4E o8
sto] A S AASIT v o R 60 mie HSFR FF AHE AT
o7k U 0D, SAMI Y& TP E 0D, F AT
Spectrometeroll /| FH® AN wE HE4EFIAEY FFE(0D,, optical
O.D, <& wm=d 7 = 3l
%} 0D, Fe AAY golng, AEEFIAES F37A T (absorption coefficient)

l‘Hﬂ

density of phytoplankton)= 3ol W& 0.D,,, 1A

ph

42 a,, (absorption coefficient of phytoplankton)2 W3- 4 T-&3 2t

0.D,,(\) %2303

a,,(A\)= %100 [m ']

— ) X2

714 e 23037 el Fred ODE Adds U FRATF(0)E W
F7] 9 Aol ”LS/(Cm)”E o3 s Fo] KV, m)E THO ANE oARHH (Y
Aol o)3te] ZAE WH; S em’) o2 UrolE gFholth A “27E S- ffect(Klefer and
SooHo, 1982; optical pathlength FZJ2A, FJA4E 24T o 2§ A 4
A AT G} AAAE FAHA FHF Fe WeliL(Ahn, 1990), &5 “100"S FF
A FHE em oM mT IR B8] 93 ol v F37 (specific absorption
coefficient, a* )& B9 ¥= & A FFAFEA, o¥, (m'mg HE T B52 a

“oln] et e Ao o3

\)
_ _ph 1
a*,, (\) = i [m*mg ']
6) & (coloured dissolved organic matter, CDOM)9| &%
£E F71E 542 £33 =7 (Spectrophotometer) & ©] 83t && {7159 §%

NS
2
o

=
g 245t FYASE 4EAG Y IS ARE BE 15 m

,31,

(Qorpak™) 7 %74 23 255 AF 3, 10% HClOl 2447 ol 27H59a, 2%
SHadd AA, dFS wEso §f7] CHEAE SHEA AAS AT F4L 60°C &
Boll 4 ~ 67T 735/\1 7132 Be &Ry TYE A F 450°C furnaced] 6413t 33t
sttt Bt g 2 S HxE @ F4e SRTE
A FAE 2op o FE ol R

0.2 pm pore size 47 mm polycarbonate membrane(E
petri-dishell ¥l o= 158 H= 10% HCll @7} & ¥
Ao AFE AAAA B & T H A7, YA dFe o
B 100 miB =S AF st o F2 ZAHA 4°CollM BREAS AT

24 A W ZAHAY ANEe e Fo FHIES HAE
4& UV VIS Spectrophotometer& A8tk ZA o AHEE 10 em quartz cuvette
10% HCIZ FA) W, dg-&z FAl W F28 AHsidnt. 34 Ao IH=E b
E3}7] 93l air-air, cuvette air-air L8] cuvette FF-air baselineg ZA3IH T}
ol noiset= +0.0005 ®|Rte] HEE FHTh BAZJA AL 93] 02 wm pore size
47 mm polycarbonate membrane A2 A#AG FFHF MES F /MY cuvettedl] 7]
Z7b ANNA ¥EE # Agith. optical windowsel T JHe] cuvette®
spectro-photometer®l 20} baselines ZA3%ATh Baselineo] HAHHOZ UowW
reference cuvetteE A2 THE F %9 cuvetted] £ Y&

AT AE 510 miZ cuvetted] MEE & AL F FAE AUk FHD 0Dy
CDOM] &7 4 (absorption coefficient of CDOM, a,,,,(\)) #o2 3Hatatga o] )
AHEE A g 2o

=
7 1
A
1_

2303 0.0, (\)
Qedom A)= #{i [mil]

714 &4 “0.17L cuvette®] Zo)(10 em)E YERATEH
0 22

Whatman 47 mm GF/F q#A & 313 A#38|FE 15 ml conical tubed] Fol W
T Buste dY¥E B48oE A& S99 AEE BY A dEstd AAE
(6i02), ¥EUYod HANH4AN), obd4Ad A4 (NO2-N)¢H A4 A4 (NO3-N), 14t
A (PO4-P)& Parsons et al.(1984)¢] EAo| wekA auto analyzer(QuAAtro, Seal
Analytical Inc)2 #4135t}
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$EFS B 2AMA o8] RM BE FUE A5 FO2 WY BSHE W
W Rol AzEle] Ry FEPstgulel o) BZaHe Wil Utk ol ATAA
£ RE 24, FY3Y A7 130 95 Y B2 Hon) £33 B2 Bl
EQe ZF AudE olgo] AEstHTh

ZAO A B E ol Gt £EFT 2L T A 2AMEe] 2PAd 9@
PFE WE F YomE oF A & Y& ANAA FYE AYSAT =F 3|
A Bz @ oxte HAFEI] S5kl 7179 AF AGE TG o 52108 5
o 9 FAAN AEE GSHL YT $E2 AAF AolRS U P A48F
AL 5 AEE s

(1) AC-9 plus(Absorption and attenuation meter)

AC9 plus(WET Labs, Inc)E 71€9 ACY o|5A=2 &, Zl=4 7)o WetLabAl2l
ECO-VSF M4 X+ CTD Systems ¥ AZF§0] 7H53l=E 7150 F718 FuEH
A AFAelE SBE37 CTD7F A5 o] Stk ACY plusell 93 24" ALE, 2,
FA 2 F ADF 5o ABE RS22FAE T AEHH AN E AZE
?l WETView Softwareo] dZ=o] A&7 &4 Ao HEdTh wghr] 2

T, dw
woll o3 sirolAe] F 54& Aol Bad ArEL FA FHYT
(2) FRRF(Fast repetition rate fluorometry)

FRRF(Chelsea Instruments Ltd.)& 150 ~ 400 us&<t 20,000 pmolm *s~ ' o|+e] 7
g HE wEHoR FASIY FF& ZAIT FRRFE dark chamber®} light chamber
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Az g2 9 71 dags 37k 2 AEe del FHE 4 AHAZE SeaWiFs
MODIS Aqua®t Terra®] Thhttp:/ /oceancolor.gsfc.nasa.gov/). SeaWiFS | A A A5+
2002 5B 2004744 Az7F 2R 71 AEE EIF YUY AERE FFIX
MODIS 494 Age 2002d 78 20139704 2z 24 7IkF AFE = d
AEE FHYTH SeaWiFS |4 A AEE Level 12 T, MODIS s 94 2=
€ Level 1a® 33t 9AE ALHAA L T8t AE2ES ALY

<# 241> AAAH £F L 98 4w
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2008.7.1. ~ 9.30. 90

2009.7.1. ~ 11.30. 190

2010.7.1. ~ 9.30. 124

2011.7.1. ~ 9.30. 189

129

2012.7.1. ~ 10.30. 187

MODIS Terra Level 1a 2013.6.1. ~ 9.30. 194

311

188

191

254

251

Total 4,959

,68,



2. 8A= A WY

NASAdlA AFste H4AE Age H4HE As ALeE A& zZ2ad
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B4 v Eel §E4A g ARE AP, MODIS A&+ 34T 250 m x 250
mst 1 km x 1 km 7HAE 348 AR, G54 o8 2352 ARE 7MEstd A
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¥l RGB 972 Rayleigh 155 AAsA AZ= U, A Mo sgs o] 4317 A4
HA7l Wil 4T AU ARE LI TH(Hu et al., 2005).
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TR FzALY  2HQE 9 A vg e BAALEE o] &3h
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WASA Aok sEvees AF5E AE A B &Y W7 WY vidE fEHER
ol ostd 24AGI A delo dFE 45 e AT <a¥ 256>
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<3 251> HAE HF ol 7|3t

HEHs 2R Y~ 2EE-2-2 A)

2000-04 KAI-TAK 2000-07-03 12. ~ 2000-07-12 00.
2000-06 BOLAVEN 2000-07-24 00. ~ 2000-08-02 00.
2000-08 JELAWAT 2000-07-31 18. ~ 2000-08-12 12.
2000-10 BILIS 2000-08-18 12. ~ 2000-08-27 06.
2000-12 PRAPIROON 2000-08-24 18. ~ 2000-09-04 06.
2000-14 SAOMAI 2000-08-31 18. ~ 2000-09-19 00.
2000-20 XANGSANE 2000-10-24 18. ~ 2000-11-02 06.
2001-11 PABUK 2001-08-14 21. ~ 2001-08-23 09.
2002-05 RAMMASUN 2002-06-29 15. ~ 2002-07-06 21.
2002-08 NAKRI 2002-07-09 03. ~ 2002-07-13 21.
2002-09 FENGSHEN 2002-07-15 06. ~ 2002-07-27 21.
2002-15 RUSA 2002-08-23 09. ~ 2002-09-01 15.
2003-06 SOUDELOR 2003-06-13 18. ~ 2003-06-20 03.
2003-14 MAEMI 2003-09-06 15. ~ 2003-09-14 06.
2004-07 MINDULLE 2004-06-23 15. ~ 2004-07-04 09.
2004-10 NAMTHEUN 2004-07-25 21. ~ 2004-08-01 21.
2004-15 MEGI 2004-08-16 15. ~ 2004-08-20 18.
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2004-16 CHABA 2004-08-19 21. ~ 2004-08-31 21.
2004-18 SONGDA 2004-08-28 09. ~ 2004-09-08 15.
2005-14 NABI 2005-08-29 21. ~ 2005-09-08 15.
2006-03 EWINIAR 2006-07-01 03. ~ 2006-07-10 22.
2006-10 WUKONG 2006-08-13 15. ~ 2006-08-19 16.
2006-13 SHANSHAN 2006-09-10 21. ~ 2006-09-19 15.
2007-04 MAN-YI 2007-07-09 03. ~ 2007-07-17 09.
2007-05 USAGI 2007-07-29 15. ~ 2007-08-04 09.
2007-11 NARI 2007-09-13 15. ~ 2007-09-17 00.
2008-07 KALMAEGI 2008-07-15 15. ~ 2008-07-20 18.
2010-04 DIANMU 2010-08-08 21. ~ 2010-08-12 15.
2010-07 KOMPASU 2010-08-29 21. ~ 2010-09-03 03.
2010-09 MALOU 2010-09-03 15. ~ 2010-09-08 09.
2011-05 MEARI 2011-06-22 15. ~ 2011-06-27 15.
2011-09 MUIFA 2011-07-28 15. ~ 2011-08-09 09.
2011-12 TALAS 2011-08-25 09. ~ 2011-09-05 03.
2012-07 KHANUN 2012-07-16 15. ~ 2012-07-19 12.
2012-10 DAMREY 2012-07-28 21. ~ 2012-08-03 15.
2012-14 TEMBIN 2012-08-19 09. ~ 2012-08-31 00.
2012-15 BOLAVEN 2012-08-20 15. ~ 2012-08-29 06.
2012-16 SANBA 2012-09-11 09. ~ 2012-09-18 09.
2013-04 LEEPI 2013-06-18 09. ~ 2013-06-21 09.
2013-15 KONG-REY 2013-08-26 15. ~ 2013-08-31 03.
2013-24 DANAS 2013-10-04 15. ~ 2013-10-09 09.
2014-19 VONGFONG 2014-10-03 21. ~ 2014-10-14 09.
2014-12 NAKRI 2014-07-30 03. ~ 2014-08-03 15.
2014-11 HALONG 2014-07-29 12. ~ 2014-08-11 09.
2014-08 NEOGURI 2014-07-04 09. ~ 2014-07-11 09.
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olg} Hzualo] WHE FHAAAE 7HA L gloglet daHTh web Az
Qkel skE7 Wl 3o /AE AWR fetd AFAF E§EULY ANARE
KODCAIA AlgrEgtth. dAbel o3} s wists 24zt Amur] 3 &4 A5
vR7EA R ksl el A (205-01, 206-01, 400-16)F 9&iH o] 3 (205-03, 206-03,
400-14) 2.2 FEEAT. 20009 FEH 20139744 £4 0 me FYEF fE2A20

time-seriest= Th23 2T
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Time (Bimonthly)
(b)

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
©) Time (Bimonthly)
c

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Time (Bimonthly)

<I¥ 2-5-8> 2000~2013d 7|t FF AFAHH (AL Y 205-01, 206-01, 400-162 HF
W3 G- (B L 20503, 206-03, 400-149] BEFH) FZoIA 9 (a) A (NO,), ()
4HE(PO)), 283 (c) TAE(Si0,) time-series (34 A: 2+ AHE #)
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B 49 kAR 20009 ol F HA 1 ghol
< B oy Addd 2 20083 HEo] o2
slo} g2 WS e =S5 2¥Ed old tisl F71H< B4o] "asit ik
Afole T I9dd td2A T AdAES BolA dska HE A Wisd s

Ao g 20108 ALgol At HAA g BF e £ FEE R
e o2 s FHY AW HIE YoHEA doz A¥E Fay) o

EZNA Y §ENLFE <Y 259>9 Fo] AU o] iRt AA UFon

AL gaiee] A= FEAS ARG YA AMA F 025 mgl ' HER Ve
W @ubd oz ol d HEEFIAE hFHA ] Lol A sl o] §2LaF
2 Z7EHA "ok ek B §E4LT] AR ZHow 5 1 BiA YEy
o AZIH o2 Atal g el BF 20049 ALHo M A e b B
e AN 2008 1000, AN 2012'd 10€ ] YEPET Fo2 AF
Aol §ERLFH FA FeHe FRBAE BAst Az TR oW AV Y
A A9 E Ao
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Time (Bimonthly)
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A1d Hz gA @7

Az DAL e dz AE9 @4/484 54 dde] Ha, Ad 4 d A
FE A AA A AY@His 9 dds 2AM I HAL EEE &4 9
& A FFE oF1E

9o s FEAIE AxE FASL RUEY ste BoF FoAM AdAGHAE
283 A7t e JY Folth HA48E ol &F Ax FA+ 1985 Carder and
Stewardol]l oA A AEEHUAT 1 o]F o] WHE] AYHNL, JEHY WY
o2 HAAPANAM FAE AEL a FEY FFL a o)FES ol&std Hzr BT
s FAH3t= WHol o] &H ATHStumpf et al, 2003; Hu et al., 2004, 2005 Suh et
al, 2004; Tomlinson et al, 2004; Ahn and Shanmugam 2006; Ahn et al, 2006;
Ishizaka et al., 2006). Stump et al. (2003)¥ Tomlinson et al. (2004) 7= 4lA
FAE 982 29 T F BIRANA BFL a oS AEi Az B A9 opd
AYE TR, A NOAAdAE Az A AFQ YPOR AEHT
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Hol W@ Az 4N BHE & 9e A=Y OFF G54 2 54S HolnE
P4 A2AGNA G52 2 527 B Uehibs e ohth EW 85 Bt 24
B4, $2 #71% 191 aalaom e F5YYA 5 AN 9P FE ole 4
250 mPso] glo] Az} ofd el Hxsl Lo] Mol AT Ao} AH& a
FERORE £5% H2E PESIE oleigel Utk WA BREY A9

o M
) —U

a % & el Fd& F NTH(OReilly et al, 2000)
S 471B/HAEAR 53} 2ol Ao B Fo B YFol oJa AFA
G E 1Ry e FAY B FA/ AL AFER Ak FA7 o Prh(Hu
et al,, 2003; Ahn and Shanmugam, 2006; Son et al., 2011).

Aol 2R HAzE &F f71= 2 FH=d Tz st A 12
= 443 nm)dll Al &3Fol(absorption) F7F3IHA NN FAHE HEA 2 TEE F
F438HA FthSon et al, 2011). o8 FAHES FH37] 9184 Hu et al. (2005)=
MODIS &4 $]4 9] FLH(fluorescence line height) Z4 ol 712% W& o] &3t 7]

s;

i

OFF
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H AL a2 FEE Aty vF AZWO| Karenia brevis %S BASE ATE F
PPt o] PP &F {7180 o FdFe] F FF AAS AHEEy] W] At

weol A=, 713t 4EEFAES A B JEsHE @
By ddstel BAE opl¥Th Jelx o) WHE R4

et al,, 1996; Ahn and Shanmugam, 2006).

Az FAE A% A2 Ad7c 7Y 954 a w59 HAE SH37 H&A @l
9] F A EAE o3t Az FES AEYrH(Dierssen et al, 2006; Cannizzaro
et al., 2008; Sasaki et al, 2008). Dierssen et al. (2006)7 Sasaki et al. (2008) 2= %
A A TEARAY FREY AR 2 RRWEGZ0 ~ 590 nm) olFHo YEhdE
‘%Z—lﬂﬂ-. 183 Cannizzaro et al. (2008) K. brevis A2F2 A=/} YL o &

e 982 2 FES BolAW %e JAURS vehinky BuYch ol B Wy
EME HEEYAE T UL APRF S5 FEAO 12T @A 7%l

E
LT R 7128 dugEe HARFORREH HzxFo] AEsH o} )
I, dudes RIS T

et al., 2006).

@ daietel i H2E dodle T2 dUREFA &dte Codilodinium
polykrikoles &2 2 Puerto Rico A%oNA A5 B (Margalef 1961) 5L, o] F Hwl
A g dAte] FARXF Barnegatitd W= A E o} AkeA Hz oz C
kerotolobatum(Silva 1967)3% 2 FOZ IFHo g o] T2 dBS HIRd T
"9 Guatemala®] B} A, Za2 Reuniun Island, 59| A
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19821 5748kl A 4—7:: AZE dozl ol dA7A A}t B9 ofle} A
g} AL AR HZRE 2 7%%@(7:, 5, 1999). 1990 = it 2 o)A
= FZ diatomo] 93+ 75,_% o] BIHFARE, 19959 o]F HZ+ dinoflagellate?]

C polykrikoides®] 23 Al B H A THKang et al, 2002; Lee et al, 2002; Suh et al,
2004; Lee 2006). C polykikoides B Z+ B 9% YRES} P = AlololA LAY st
o et Ao e, ARE Ao]E HoARE Aset B T A AL A
H ZeE RHiuHQrh(Lee et al, 2002; Suh et al, 2004 Son et al, 2011;
http:/ /www.nfrdire kr/redtidelnfo). ‘Fallet a8 Az B 712E At s
a9 a7t ShbE AHoA frontal mixingell oEA B HYA YRR T
T Rl A BAEte A dAFA A Azt FAHE 2R RuFHt
(Kim et al, 1999; Lee 2008). ZLE]\} Falet Fall4d Az 83 54 Fd stude A
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#2353 , Ly A R AYeA A Az

PAE Aste] £eg Erh
At oA WA HzE 9ddlA TAtE Hzoke 2 H¢ ol $2 #7]
E/RHEA 59 2e BFY A4 A8F AAL JlolH Hz A5 TR 35T
1 & 987 34, Suh et al. (2004)=

=z
2 gAste “o”ﬂd% A skt Ahn et a
(2006)2 ActellA &E=F7IE/FFEEA IF FFe MR dr] BF wHe
83to] Red-tide index Chlorophyﬂ Algorithm (RCA) W& /HEstdth Kim et al
(2009)= dl+d EFF2H FAEdY S 12T two-stage filtering WHOE &
g HAZRE HASFHUTE Son et al. 011 £ T (2012 FuHE H=EYA C
polykiikoides& BA3171 91814 MODIS® GOCI s|M94 225 o] 435+ spectral
classification P& Az TYAGE AAHCR FIdoh. g A8 22 H=x
24 &5 AS5E fdte 7129 oA wHER vu EAst AYd S3td &
YEE /ME3A T Spectral classification WHL FE4 2 59 AUS AHEHA
I HzFo] /HAE 2HERY EASL TR WHOE U] E 9 F9 dF
Sofl RIZFeRA] ghobr At Hol WEF HxE GAst=T &olstth

=

2

o8 K
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Al 2d Az gA d12F Bt
1. A5 £ 94

B AT g falg Az A-FRH JRE FYFAHGY A

b et

PN

R
HAA
2 3

il

£ o] &3} thhttp:/ /www.nfrdi.re.kr/redtidelnfo). 2002\d ~ 2013 = WA
B 2% 1800AM A4te ARE ol &3tk s AR 27 42K A
A ARE o83

71Ee Az =22 WY o)A bbp-Morel# S5 ¥ v
Z BAE 98 AR, TSF, FRTD, SC ¥ dids
polykrikoides 225 BAS7] 8 ATHARH<E 3-2-1>). 71E2 Az A “J‘ﬂ—"/] %
= grie Hzrh 2T dAe] AdAERS RS AR WAL
3-2-2>01A4 YEebd W o R AASIATE Kim et al. (2009), Son et al. (2011), € %
(2012)¢] ATelME A8 kA FEA M A= BrkE AR & ATFedMe
otg) 9] accuracy®t detectability3-5ol thafjA A4S ATH(<E 3-2-1>).

==

=

Aceuracy (%) = [TP/(TP+ FP)] <100
Detectability (%) = [TP/(TP+ FN)] x 100

71E dugE Hrl AgE AZE AAAAE) Az dAFBS ABE o) &3}
o] 20029 %E 20139744 71E ¢ugdE vu @ HUtE @A]é}%li, xzel Axs
=25t

<3 3-2-1> 71EY Az g4 Uy

Method Description
bbp-morel bbp(555)=-0.00182+2.058 xRrs(555)
(Morel 1988; Carder | bbp(555)_Morel=0.3x(chl)0.62 x
et al., 1999; {0.002+0.02x[0.5-0.25x1og10(chl)]}

Canizzaro et al., bbp(555)/bbp(555)_Morel is used to indicate K. brevis
2008; Tomlinson et | bloom, when the value is 2 or less.
al., 2009) (where chl is MODIS standard chlorophyll in this study).

Spectral ~ Shape at | S5(490)=nLw(488)-nLw(443)-(nLw(531)-nLw/(443))x(488-443) /(53
490 nm (SS) 1-443)
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(Wynne et al., 2008; | A negative S5(490) was indicative of a K. brevis  bloom. <E 322> AT B Az T ARE ol §F Az FA WY FFEE B}
Tomlinson et al., (Original wavebands for SeaWiFS (443, 490, 510 nm) are Satellite data
2009) modified by MODIS wavelengths (443, 488, 531 nm)). Detection C Detection
Step. 1: MODIS sea surface temperature ranged from S polykrikoides pixels non-red-tide Pi.XEIS
22.0-26.0 °C is used for potential red-tide area and remove m-‘smlz C True Positive (TP) False  Negative
. Reference |  polykrikoides pixels (EN)
other  pixels. ! P
data In-situ non-red-tide . .
Step. 2: MRI=(nLw (555)-nLw(488))/ (nLw(555) rnLw(488)). pixels False Positive (FP) | True Negative (TN)
Two-stage filtering | Positive MRI is potential red-tide pixel and negative MRI is
(TSF) clear and/or turbidity water pixel (remove negative MRI 2. Ax
(Kim et al., 2009) | pixel). '
Step. 3: Remove turbidity water using the  threshold of
above 15 of nLw(667). TYFAAd o Fal4d HZ FoH(red-tide attention) ¥ 74} (red-tide alert) ¥
Step. 4: Determine the C polykrikoides bloom area  using & C polykrikoides®] DE7} 300 cellml™* 017 o] AW 1,000 cell mi™ ' o124 4 v} A4
local Moran’s I spatial statistical method. dth 20029 Falokd] e G Az FoRE 8¢ 29 A¥, UaE FE § oA
vl =] Q) Q) o o o X
Feasibili ] Suspended solid considering particles of  red-tide bloom = 2Rl 98 7A7A 57wk FASAUG. H2 B e A= AN FAx
CASIOIILY  OF 11 1 Ln((nLw(488)/nLw(555)) + 1438 27 AAAA 1DES] Az B F 4999 A& YYAAK<IH 2-15, 2-16,
red-tide detection _
(FRTD) (In this study, original wavebands for SeaWiFS (490 nm) are 2-1-7>). 2002\d 8¥ 199 Az A A3 L% ~ AARE B2 9 Hx AR 3
(Suh et al, 2004) modified by MODIS wavelengths (488 nm). The threshold go g, 8% ~ 27T AAE T4 B Y Ax FoR Yoz uHy
used above 15 as C polykrikordes bloom.) Qow, C polykikoides A FEE 10 ~ 15000 cell ml 10| tHFA4-4F3+849], 2004). Lee

(2006) ATl AFsNGQ Fafete FHE B2 Adte] Ko =RE B2 Fo I
o2 Azyl 2ty Rudch <19 3-2-1>9 RGB 44oA H=zrst i
W54 a ¥EE > 2 mgm *& JeRdT Az 2

o9 E& s Yy, XS ARIAE 23~26°C
Az Ay Z}E@r MODIS 4948 ARE &

Step 1: If the highest value of the radiance data is Rrs(555)
with a fluorescence peak at 678 nm (Rrs(678) > Rrs(667))
Step 2: If the ratio of Rrs(412) to Rrs(555) is greater than 243k 3
that of (Rrs(555) - Rrs(488)) to Rrs(555), then the area has a A Z=d g
low contribution of detritus/CDOM to chlorophyll (continue =
to step 3); otherwise, the area has a high contribution of
detritus/CDOM to chlorophyll (continue to step 4)

Step 3: If the ratio of Rrs(443) to Rrs(531) is greater than
that of Rrs(488) to Rrs(555), then the area is a red-tide;

Spectral Classification
(SC) (Son et al.,
2011; & 5 2012)

otherwise, the area consists of non-red-tide water FRTDS$} TSF W2 HEE ~ 74 oz Ax dYos 4IP3, SC WYL o
Step 4: If the ratio of Rrs(531) to (Rrs(488) + Rrs(443)) is F~5F Hde Az WANger FHATE bbp-Morel9t SS WHE ASletr A
greater than that of Rrs(488) to (Rrs(555) - Rrs(488)), then the Az B2 dHe dn.dFAAE-REA A Az wgoz A, a1y
area is a red-tide; otherwise, the area consists of bbp-Morel 9} 55 W o o detectabﬂity% RoFAuk 30% o]3le] accuracy% e

non-red-tide water 31, SC L ¥ accuracys B FA T, & detectabilitys YEFATHIE 3-2-1>.
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B 4k 20024 88 199

126 12P°E 126E 120E 130

(e) bbp-Morel

3 g
6°E  12°E 126 129°E 130°%E

(h) TSF

oy W S e |
126°E 127 126°E 128%E 130°E

(g) FRTD

PE 12PE 190 1266 12°E 1€ 10E 130

P}
VFE 12°E IFE 19E  1a0E

e 127E
(i) sC [6)]
; v W bbp-Morel
80 ss
[ ]
g FRTD
g
z o » ® TSF
H sc
3 40
a *
2
e 12PE 1E IWE  10E £ W 50 E] 0
Accurscy (34)

<39 321> 20029 8¢ 199 (a) RGB ¥, (b) A= A ad, () 5L a &5,
(d) EFF2, (e) 71E Az &g F

g A3 () Az dnes ARE A5

_89_

2003 frafd Aze 89 139 HxE 9 9 FHE A A= 108 13
a7 7hA F 629 B EAAT Az 1A e A e ad=
2 wgEoAEA F 21599 FHE TYAATH<LE 2-1-5, 2-1-6, 2-1-7>). 2003 8
4 2d Az Y FE2 GEATES 2YEAAAE YL Az B, ATE-Ld
T Az FR §Aol, C polykikoides A FEE 25 ~ 8200 cellmi o] THFHH S
4+78he, 2004). <19 3-2-2>9] RGB @74elA Az A e FHEG A 42
Yetl, 454 a ¥ F7HE0 Uedth Az 24 39 9L 27°C o4 &
& 2 Yz, d4#Z ABAME 25°C o4 #HZo] HAthFIHaTety,
2004). 2= @A 259 MODIS A4 AES 01%8}01 7189 Az dugEe 3
&3 A, bbp-Morel Hglﬁ% QEE e Az YAy oZ F43 3, SS9 FRTD WH
24 2 57 AUFoE £ d9e Az B ger F

Fom, TSF HJ S B B 9 e Az dger AP, SC WHLS YRE-F
9oz FAGch TSF ¥He AxE aAHoR @xsn

o, UMz HHEE 30% ©l3te] accuracyE WEFATH<IE 3-2-2>).
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B°E  12°E  120°E  12°E  180°E

(e) bbp-Morel

e 12°E 16E 129 13FE

12PE 12°E 126°E  130E

(h) TSF
=5

1€ 12°E 120°E 129E 130

<19 322> 20039 8¢ 22%9 (a) RGB ¥4, (b) &
(d) EFFL, (ed) 71E A2 ¢1HF 2& 239 () A= dneds A= 24

Detectabilty (%)

Az Y 4ge AE-95, 15, AA 52714 slde Hz F9
B 9453 —}5%, LYUEAATE L A2 AR o2 BHFHUNT, C poykikoides A 5
Ze Audez ¥e 10 ~ 7,000 cellmli ‘& UEIRTHE A5atabeted, 2004). <1d
3-23>9 RGB ¥dolA Az T4 f9e 1T 54 ke Z24e g goH, &8
= oo At Az HA7 AN Az B GFL 2 TERE FHHCE B
& > 5 mgm P& VeI AW, £ Auder du(< 23°C), dR#AZ AR
AE 21 ~ 23°CE Be F2o] AZHJT(FTHFAAET, 2004). A= FA 259t
MODIS 3|49 ARE ol &3t 71E9] Az dug5S A8 23, bbp-Morel ¥
W EE f9e Az 2o ® FAYT, FRIDFH TSF L AT A%FH
A FEL AUALR e HAs Ax B gor FAHPoH, S5
WS e B2 aA9e Ax TR FAHAY, SC WHL 2YEAA 72
e Az BHsgoz FHIYT bbp-Morel, FRTD, TSF FHe udoz &
detectability & P_C‘f] 1, SS9} SC W& e detectabilitys UEIWAT, ZE Az &
A FHEL 20% ©l3te] accuracyE WEMATH<IE 3-2-3>).

i)

=S
hal
L=

-

s
)
=

e
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(e) bbp-Morel (f) 35 (g) FRTD
e —— — ; 3N T

1FE rE 18 19E

1308 12FE 12FE 1HE  126E  10E

L 2 _ 5
e T2PE e 19 1a0E 15 12PE e 19E  1a0E FE 2P 1 19 130E

(h) TSF 0]
W bbp-Morel
L
g 1 x :ﬁTD
g Loy
g 40|
- #
‘ ] v.
Ve e e 1 it S I EY
<23 323> 20039 10€ 29 (a) RGB ¥4, (b) A= A Y, () =4 a 55,
(d) BEZF2, (e) 71E Az &ndgF 48 439 () A= s 4= 2%

_93_

2004 34 Axe 89 5¢ JUEZA A= 9¢€ 49 2HHY|HA 30¥ F
Qb ¢t= B2 Fdol A AA sG7A wEEEA F 1299 HIHE TAYANAT(<IP
2-1-5, 2-1-6, 2-1-7>). 2004 8€ 6 Az LA FF2 1FF AAl F2 fFGelA 24
P, AA MEFS Az FARE AA §F5 A2 AR/ EFEAY. C polykrikoides
A BEE FUHOE ¥ 20 ~ 3,100 cellml & JEFATHZ Y2348, 2005). <
F 324>004 Az AL AHH R PAaste RGB YA FsA RHolA ¥
wrk ol 454 2 ¥5 I FHA F7HE A9 dEiA etk 235
oA 27°C 01%91 EL 22 YA, dd9e gsing Aoz u
26°C °]3tE YeEhZ, FA4AZ AFAALE 21 ~ 26°CE @& F&o] AZHJYH(FHY

Fabmbsbel, 2005). Az B4 259 MODIS Sl AA ARE o3ty 71E9 2z &

rlo

)

1 ES HE% A7, bbp-Morel B2 UFEE dYs HAx #Aoz FAHIYI,
FRTD# TSF WL AF8Y AZHYIES dx dAHgez FAPon, SS9 sC
He Bk BRI §9E Az dyor AP ZE Hx ©@x PHEL 0% o5

accuracy 9t 40% ©]3F9] detectabilityS WFEFRTH<1H 3-2-4>).
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D - 2 e 2
T e arE | e 1E FE 2PE . 1FE  LPE  (30E e e Pt uwe  IE

(e) bbp Morel [GES] (9) FRTD
o -

2FE 1PE 1WE  IFE  1aE 12FE 12PE 1WE  12FE  1aFE 1€ 127 1FE 12 1aE
(h) TSF (i) sC [6)]
g E W bbp-Morel
80/ ss
FRTD
60 : *x TSF
* sc

Detectabilty (%)

1FE 12°E 12FE 12PE 1aFE 1€ 12PE 1WE 9B 190E ) a0 &0 0
Accuracy (%)

<39 3-2-4> 2004\ 8€¥ 69 (a) RGB ¥4, (b) A= LA &M, () §54 a §F,
ESTE, (ed) 71F Az duYE & AF () d=x d1gE %= A3

_95_

00

(d)

2007 #3l4 AzE 74 319 JuURECA BdEo 99 16Y i%i]ﬂﬂ}x] 489
| 1% A e EEA dgdes w2 Fis TAAAT

(& 1159, <9 215, 2-1-6, 2-1-7>). 20073 82 15¢Y FH= WA AL = igm
2 AR §5 B2 A9e Az FAAR, 2YUEAAE B2 HH2 Az ARJ EHE
AR, C polykrikoides 2 F5E FNHOR L 20 ~ 15000 cell ml '& YEPATH(F
A547het e, 2008). <1Y 325> RGB F4lA Az w4 e 1T 54 w=
Ao Wi gon, 454 2 ¥EE I3l vis) FUHOE ¥ > 5 mgm *&
i

)
JERTh S22 Aol salol HalA AuHoR YAW Hzr} BAE e

fHez £ 23 ~ 27°CE BZHJH(FHFAATY, 2008). Hz= LA A=
MODIS #l A9 2 ag ol &sted 7|E9 Az dndEE A8 27, bbp-Morel ¥
We diE g8 slde Az Y2 FAHYL, UmA g2 PHES oA AA

d9e Az B4 sfges FAY FRIDF} TSF ¥R dizoz w2
accuracy 9} detectability® R 3L, SC W Aodoz ¥ FIg=s YEYTh<1d
3-2-5>).
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(a) RGB ¥4 20074 88 159

=1 =
= /
v, fr/
35Nl f},
& p
Kk s
34N - - .
5
3 28
126° 121°E 128°E 1298 130°E

(e) bbp-Morel

) E22¥

(f) 88

1266 121

3N

N

(g) FRTD

126 12°E 12

2E

EERED

-

3|

12E 128

9E 130

<9 325> 2007 8¢¥

(d) 3%

= 2~
FTE,

(ei) 71& A

,97,

= e
=
1 12°E I1FE 1€ 130
[0))
L W bbp-Morel
& ® ¥ ss
g © FRTD
= 60 * TSF
] u * * sc
g w
8 v
2
* i
0 60 0 100
Accuracy (%)
B Y, () BELE a TE,
= -
z dug s A= A7

o hl AR
e AUA B3 Ao Ad 53 Aol HUACE £ > 5 mgm P& Uy
o see AUACE ¥ 25°C ol4e Urhln, @48E AAA ol FA8

=
25 ~ 29°C7} BZHAH(FHFAAEY, 2008). ohFd Az ©@x Wy HE Ay,
bbp-Morel -2 iz

SS9+ FRTD WH2 =-F4F A<t ¢ 4
ok 72 dg9E FH A bbp-Morel L £ detectabilitys YERIAT, W
10% 2 %2 accuracy 5 40% Rtk @2 accuracys YEHA
(<29 3-2-6>).
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e 12°E 1E

P

1268 12PE 18

(e) bbp-Morel

EEED

R 1B°E 12PE IPE 19E (a0

(h) TSF

aenf e .

(i) sC

7

.

1296 12PE 126E

<13 326>
(d) 352,

D.' o

Wi |
P8 19PE 1€ 12 1FE 129 10

20073 8¥ 21¢Y (a) RGB ¥4, (b) A= LA 4, (o)

Detectabilty (%)

1268 120E

TFE 129°E  130E

0

L
v

*#

W bbp-Morel
ss

FRTD
x TSF
* sc

]

)

a0 &0
Accuracy (%)

B0 00

AEL 2 BE,

i) 71E A2 FuYF Ae A%t () A2 uE AHE A%

_99_

20129 #3148 C polykrikoides B2 78 279 JUEEA TAFH 9¢€ 19U 4H
HATF 109 29 OA A 2SS 109 229 AEHZHA 759 B B e
QHETE ofyel AaizkA] wAstEA F 49 FAE TAAFATH(<IH 215, 2-1-6,
2-1-7>). 2012 10¥ 159 Az ¥4 43 YRZ AAE F2 e Az FoRrvt
WA, C polykrikoides A FEE 60 ~ 9,600 cellml”'& YEPATHI P FAT8H,
2013). <% 3-2-7>2] RGB GAelA Az T e A3 S84 =&
dom, 8L 2 TEE AFAAE BT HYe] AHHLE S FEE UEWG
<& ALl el HsjA oz vropA 20°C W9l F22 YEha, 4
5 A8AME o9} FAEA BFHATH20 ~ 21°C). A= &4 LuYE HlmA,
bbp-Morel & i sjde Az TR FHYT, FRID ¥HE 454 a
b ddA R w2 A4S Az B HYos APy, TSF WS i Y
Hz7b fle AR FAPon, ssof sC WS oA¢-54k B2 Fde Az 44 9
Hoz Aot bbp-Morel? FRTDE %2 detectabilitys WERAA T 10% =] wHe]
accuracye EoliL, UmA WHER o9 FASHA W accuracyE UEHATH<LH
3-2-7>).

w4
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2FE 127 18

25E | 12rE I26E

(h) TSF

1€ 127

(f) $8

125

(g) FRTD
N e

BE  127°E

(i) sC

R

EX

7*:"@(“

| %‘WJ
W g

1266 12PE 126E

<% 327>
(d) 352,

&)

B

125E | 12FE  18E

()
A d

12PE 12E (e

12PE  1a0°E

Detectabilty (%)

1266 127°E

20129 10¥ 159 (a) RGB 9%, (b) &

(ed) 71¥ A= ¢1dF

M bbp-Morel
ss

FRTD
* TSF
* sc

20139 frdl4 C polykrikoides A 2= 64 269 UEEo|A BAE ) 99 26Y £HH
7HA 93Y ok @l FaohRt ofuet FalzkA wASHA F 1569 FE LAAA
TH<1 ¥ 2-1-5, 2-1-6, 2-1-7>). 20139 8¢ 6¥ #z LA FF2 Y2=-AA, 7|4-2F B
A9 Az AR, AA-71E R 99 B2 A9 Ax FARI FHEHUL, C polykrikoides

A FEE 4~ 35000 cellml'& JERACHhttp://www.nfrdirekr/redtidelnfo). <71

328> RGB G444 2z B4 o2 A3 54 =x F248 fi gon, 45
& a FEE AF-HAL 2 o] JUHoR e FEE UEHL F22 Aol
gafol s FoiHom wotm, B4t B2 e Yo FER 20°C Woje] R
FE& YEhia, @483 Ass o o §2 Aol YEWH(17 ~ 28°C). A=
g4 ¢3elE HadlA, bbp-Morel B B S

Az TPoR FAYY,
o B2 a9e Az 24 s9o® FAHYT. 1= 9 F99 3
7b s QlojA giREe Az &@A WM 40% Wl accuracys YEFA
2 30% mIHHe] detectability s YEFHTH<IH 3-2-8>).
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126 12°E 16 12°E 130

(e) bbp-Morel (f) 88

12FE 12°E  120E 120

(h) TSF (i) sC

1a0°E

sl .
8.7 ]

L)
P 127E 2FE  19E  1E 1€ 12rE gE 129

1a0°E

Detectabilty (%)

126

17PE 12°E 129E 130E

(g) FRTD

()

12FE 12FE 12E 126E  1a0E

M bbp-Morel

L ] s
v i
* sc

*

20 a0 B0 B0
Accuracy (%)

<19 3-2-8> 20131 8¥ 69 (a) RGB ¥, (b) A= LA M, () §F54L a §5,
RZTE, (ed) 71€E Az &12F A8 439 () Az ¢19F A= 24F
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0o

()

d Az B4 AFS UEZEAA, 714230 F2 9L Ax AH, A%
g 23 5F B2 9 Ax FoAR/} TRHHNL, C polykiikoides A FEE 150 ~
17,000 cell mi™'& YEFH THhttp://www.nfrdire.kr/redtidelnfo). <@ 3-2-9>2] RGB
FAoA Az B H9L AT A £ H2AE g3 9on, 484 a4 FEE 9
& 229 Qg B2 Yol Addoz =A Jephdth £ Ak 9d £
of FRHIL 53] AA 9 B4 FZolA Wk wEs] dem(20°C W), dFES
ARANE 17 ~ 28°CY oFd WHAE vt Az 34 dudgs HladdA,
bbp-Morel & & 39S Az dAYo 2 FHAI, S5, FRTDS TSF B2 &
st A 2A Az B 9oz FHIP, SC WL oAF T4 B2 HF
Az B4 dgez AT 1= 2 F9e Hzrh TAFHAT hFEe Az FA

WA 30% PIEHe] accuracyE WEFATH<IE 3-2-9>).
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126E  12FE 12PE  128°E  130E

(e) bbp-Morel
TEN [ pm——————

LEEL]

. / "
J.r. 20
O il L) s -
126° 129°E 130° 126°E 12°E 126°E

(g) FRTD

3|

i } i
1% 127 1FE  19E  10E FE 12FE 1 19E 190

(i) SC [0))

(h) TSF

B
¥ id
8% 2°E | FE  129E  Ia0E

W bbp-Morel
A 80 x ss
Seetcs 2 FRTD
= 0] ® * TSF
f H v * sc
g
. f *
N 20|
B *
i
126 127°E 126 129°E 130°E 0 20 40 60 80 100

Accuracy (%)

<39 329> 2013 8¥ 14¥ R(a) RGB ¥4, (b) A= A A%, () 954 a TF,

(d) EFFE, (e) 71E

Hz GTE A% AAsh () A2 YnAE A= A
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A3AHz gA g1y s A

3% 28l A 7|E Az gx gugE vn A ORie Hzx 24 daudge
0 60% BE=E /M A= YA, FEE] A5 40% "] AFEE<aY 321
~ 329> 7|£9] ¥uYFES HE3to AL o] &3 Az FA e AV oS &
T UATH B Ao AE gavT Gt fa4 AxE BAANINE C polykikoides
HzFd gafiA HHstg g2 PHES ALs] HA AzFol 3 EAES ot

g},
1. C. polykrikoides B%% »~¥EZ EA

<dd 331> 20139 849 Hx A sjd ARAZAA Lofjrl Y WAE 29

54< vt gloh AA 24 BH FAAM F 54 BHAA Az2E FAGA
a, A AAedAe degA gstth Az T s 2HER B4 AN 9
(400 ~ 450 nm) FGAA Aoz F& e YeERRAT 533550 ~ 600 nm)ol
A FEZS 935 Holx HAM 34670 ~ 680 nm, fluorescence peak)oll A& Atld =
< @& Uehith Az A 8hA ¥ 9 ~HERS FA 37400~450 nm)ol
A ANESR Ee Aughe HolAw, A 34670 ~ 680 nm, fluorescence peak)l]
Ae iAoz e S vepdn. Hzrh SR ¥ A9 454 a w57 A

2 A A9 Hwdte] Ao wol £ I 2HEY 4] YA ¥e F
Atk g 71E9] A AR A (Son et al, 2011; & T 2012) ARG HEA a B E
g e Az Ao Azt oid A9 2HEY 54 424, F &Y BF =
Mopdst AN w38 HolA, 9] Aet FAHA Hz7E obd B9 2
HEFLS B JZE00 ~ 450 nm)ol A FhiH ez & dig-d dehlz dAH<d
2HEY 4o T FHE Bk W AzxE FHHE 2¥EY AL g2 3%
(400 ~ 450 nm)ell A oo g e Fe RolHA AAAI ~HEY S| HA5
B F2oA 934 FHE et ojd 2HEY E42 diHoE dg T ¢
A7F F7eA HW S F2oA dart s HAW Hx2E FF de
&E 712 B AA FFo) SUkeHEA A gl M WARTE ZastA HEA Az

7 ohd sleje] 2AEY Aol UelE Aoz detHt
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2. C. polykrikoides AZ% ¥4 £4

ok

A7 A FANE C polykrikoides BZF0] o JFEY ofuzl T2 Fo 9
FFoz MAE 9 ~HEY EHo] dFS F 5 W] W, APANA wgR
Ao Hg3te] A2F 179 ~29EY 54
< Al 27 A A AAEA dF3HAT
b C polykeikoides A 2% 9 RS Az
S HAEY F AR BFA sxo ueh Aot
o] Aol 2}?1'1}, 4407 680 nm F-ZolA #AE debla lvk 28y A7} gle
slddo] A5} nlws] B w S0 A C polykrikoides 2 ZF-& 4703} 590 nm F-Toll A
Bz FRUE YBth<2E 2:3-2>). 1A C poykikoides 2Z2F& A7 & 4
FAME et FARE H A7t AZEJTE = giIRT Gk AxE WA A=
SHRzFAM FLA LAIJATH<IE 2-3-2>). 4B EFIE] 7 F §%
el el Rz F3d A4S o]&std doz Az g¥x A F&34 &8 =2
Aoz g
C polykrikoides %% WAE ~2H9EY EAS stotaly] 8A MGE C polykikoides
HzFY FRARE WAE Bl A&ste Ae AASHT <2¥ 3-3-2>E 100CG
A AFshe AEHoA AR (FE7) §le 4%, http://www.ioccg.org/)S A EH oA AE
of MY C polykrikoides A 2ZE9] FFA8E A&3te] WA ~HEY E4L B
Zt. w50 we Auge 2T Hx7t obd A$ =S4 gAdAM HAE 7HAA
w, A A 53670 ~ 680 nm, fluorescence peak)ollA & dtiz w& g yehdt. 3
Z2FE AL BAE Bl A8 Aol ojet FASHA =4 3 93E HolA
o, A 37670 ~ 680 nm, fluorescence peak)ellAl&= dUld &2 & UEbAL F
HAE ~HER S A BolAw, Ax7t fle A

_?_
AR Serd AAE Hol: wh, W

0

o

tlo

o =

oz
=)
12
é
_1_4
i
_‘F_
o
M
o
ot
A
o, ol

Ao A =4 425 g o83 WAEE A
A R AE SR AR ANAD B4 B B 348 AAE /A
E EAQ HolT o)7e BRBS dojd MAE 2HEYN 44 4L AL 9
=
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N Chlor: 0.24 mg/m'— B8
@) Non-red tide Chlor: 0.63 mg/m+— G1
Chlor: 0.8% mg/mi— D4
0.0 s ey
Chlor: 1.51 mg/mi— B7
£ B4
< oot
&
0.005W¢§ <
400 4‘."70 500 550 600 650 700 750 800
B Chlor:153.3 mg/m?
. or53.3 mg/m* | Ri
(b) Red tide Chlor.18.6 mg/m* — Ry
Chlor:99.9 mg/m* i —R3
0i015) FRY
Chlor:i3. mg/m’— g5
g
% 0.01
N /\
0008 /—\
L AN
%0 450 500 550 600 650 700 750 800

Wavelength(nm)

<7 331> 2013 8Y dA#

E9 B4 () H27} 9t A
AE 29EY 54

A @) Az7h g A9 wAE 29
[e]
2o

a) Non-red ti —ci 1 mgm’
——C: 30 mgm®
0.015 C: 7.0 mgim®
——C:20.0 mgim’
——:30.0 mg/m®

e N—— .
i é—:
400 450 500 550 600 6 700 750 800
Wavelength(nm)
)
(b) Red tide I C:tpmnt
C: 32mgim
0015 C: 71 mg/m®
——c:20.5 mg/m’
. ——c:44.3mgm’
E:, 0.01
: Py A
0.005 / d §
= S .
—
90 450 500 550 600 650 700 750 800

‘Wavelength(nm)
<% 332> (a) IOCCG Al E#olA
289 WIALE AHEH EAI) (b) ujj
¥H C polykikoides FHAEE o] &
st AstE WAE ~HEY B4
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Sea using GOCl satellite data and Lagrangian transport simulations
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ARTICLE INFO ABSTRACT
Article hgtory: In an image from the Geostationary Ocean Color Imager (GO0 takom on 13 June201 1.4 recurront loating gieen
Recetved | [y 2013 algae bloom was detected amund Qinglan. To detect the bloom an index based on multi-spectral hand ratios

usingthree wavelengths (555, G660, 745 nm) wasutibard One month Later, the COCT imagecdatected widespread

Kecervod I revisesd form 22 August 2014
' floating green algae patches ( cast=west elongated) across the Yellow Sea and East China Sea (Y5, ECS) The pres-

Axepted 19 Septentber 201

ramni i s ence of the patches was confirmed from varioms. mamnh\rwabmmlmL
T i Lagrangian particle taddrg i wene d d the pathway of the Noating green dgac
coa patches and intempret the phya&dlnmm lxlmlhl ama mahrlmmwwmdn foating green
1GAG aljgae, The rumerical s mul. southety ing Juneand July 2011 were
Floating green aigae related to offshore movemnent of the laating green algae, especially their eastwand extension in the YSECS An
Lagranghan particke B sjectony infrequent arel sl event occured in June 2011 3 typhoon MEARL catsied the grecn algar to detach from
Uit prolifer the coastand initted movement to the cast. After the typhoan Pemperamn
:‘;‘“" g enough to grow the Noating green algae, and wind and local cumrent controlled the mavement of the massive
Chirm S flaating algae patches | coastal accumulation or offshore advection in the YS/ECS), Analysis of the floating
igae piuels’ during of Typhoon MAON in July 2011 revealed that the floming green
algac patches were significantly controlled by both ocasn cuments and enhanced winds, These findings sugsest
tha the flaating grren algae bloom off Qingdso nd in the middie of the ¥S and ECS in the summer of 201 | oc-
curmed due recent of wmwead ‘strong winds and the wind
partems in blooming regions, Cur combined approoch, using sarelfite dara and mmenical si providesa
robust sstimate for tracing and monitoring changss in g reen algae bloams on a regonal scale.
© 2014 Elsevier Inc. All nghts reserved.
1. Introduction shellfish, detecting these blooms and predicting their fates © provide

The geen macroalga Ulve prolifera (previowsly known as
Enteromorpha profifera) is genenally constrained o codstal areas
(Hayden et al, 2003 ). Every year between April and |y from 2000 m
2009 the green algae were found in coastal and offshore waters of the
Yellow Sea (YS) and the East China Sea (ECS) (Hu et al, 2010). The
green algae blooms themselves are not harmful bur their excessive
growth deterforates marine wurism, marine-culture, transportation
and marine ecosystem health. Massive algae blooms can cause negative
impacrs and raise great concems because of their high productivity, el-
evated organic marter concentrations, and resuling anoxic conditions
In the euphatic zone (Liv, Kessing Xing & Shi, 2009: Sun et al, 2008].
Cansidering the negative impacts of green 2igal bloams on wurism
and the quality of wild and cultured marnine produds such as fish and

* Correspuding suthor. Tel: < 82 71 400 5131 ; foe: + K2 7108 5523
E-moil addres ypark@dostac (¥.G. Park)

it /chushol org /161 101 & e 201 409524
D25 7/0 2014 Huevier Ine Al ighss resesved.
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early waming o stakeholders is not anly scientifically but also socioecm-
nomically important.

The world's first Geostationary Ocean Color mager [ GOCT) provides
up to eight images of waters around Korea including the YS and the ECS
every day, and culd be a useful tool for detecting such blooms (Ryu &
Ishizaka, 2012; Son, Kang, & Ryu, 2012 Son, Min, & Ryu. 2012). The
GOClimages showed that during the summer of 2011, massive floating
green algae blooms occured in the YS and the ECS (Son, Min, & Ryu,
2012), Poating green algae blooms have recured notonly in castal
areas but also in offshore areas, 3 unique phenomenon that has net
been repormed previously, During in-sim hydrographic cruises between
July and August 2011, patches of Noating green algae were also ob-
served around Jeiu lsland and on the west coast of Korea (Fig. 1b, Son,
Min, & Ryw, 2012}

To trace the pathway of the floating green algae and 1 under stand
how the control processes are determined by physical forcing factors,
Lagrangian particle-tracking experiments have been uwsed (eg, Lee,



