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Abstract : Colored Dissolved Organic Matter (CDOM) is one of the important components of
optical properties of seawater to determine ecosystem dynamics in a given marine area. The optical
characteristics of CDOM may depend on the various ecosystem and environmental variables in the sea
and those variables may vary region to region. Therefore, the retrieval algorithm for determining light
absorption coefficient of CDOM (acpom) using satellite remote sensing reflectance (R,s) developed
from other region may not be directly applicable to the other region, and it must be validated using an
in-situ ground-truth observation. We have tested 6 known CDOM algorithms (three Semi-analytical
and three Empirical CDOM algorithms) developed from other regions of the world ocean with
laboratory determined in-situ values for the East Sea using field data collected during seven
oceanographic cruises in the period of 2009~2011. Our field measurements extended from the coastal
waters to the open oceanic type CASE-1 Waters. Our study showed that Quasi-Analytical Algorithm
(QAA_vS5) derived acpom(412) appears to match in-situ acpom(412) values statistically. Semi-analytical
algorithms appeared to underestimate and empirical ones overestimated acpom in the East Sea.
acpom(412) value was found to be relatively high in the relatively high satellite derived-chlorophyll-a
area. acpom(412) value appears to be influenced by the amount of chlorophyll-a in seawater. The
outcome of this work may be referenced to develop acpom algorithm for the new Korean Geostationary
Ocean Color Imager (GOCI).

Key Words : Colored Dissolved Organic Matter (CDOM), CDOM Algorithm, the East Sea, MODIS,
GOCI
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Fig. 1. Map of data sampling stations.
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Table 1. The observation schedule during 2009~2011

Number Time Period Sampling Platform | Number of Stations Latitude Longitude
1 2009.82~18 Haeyang 2000 45 34.90~37.88 129.12~131.13
2 2010.621~23 Tamyang 21 36.15~36.67 129.45~129.89
3 2010.7.12~13 Tamyang 21 36.15~36.67 129.45~129.89
4 2010.8.17~18 Tamyang 21 3642~36.67 129.45~129.85
5 2011223~35 Onnuri 28 36.42~37.68 129.27~131.44
6 2011.5.17~22 Tamyang 28 36.42~37.68 129.27~131.44
7 2011.7.25~26 Tamyang 27 34.90~36.67 129.28~130.72
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Table 2. The comparisons of CDOM algorithms (Semi-Algorithms: Carder-Semi, GSM, QAA_v5, Empirical-Algorithms: Carder-

Empirical, Tassan, GOCI)

Algorithms Equations Reference
Carder-semi aqq D)= agg (400) [exp — Syq (A—-400)] Carder et al. (1999, 2004)
' by () +BBPUly/A) "
GSM Ri(M)= Lz S g ~ bw () + W* ) Garver and Siegel. (1997)
Hay =t | Dow(A)+ BBPUWA) "+ v, (A) + ChIX apy(4) + CDMexpl-S(A-40)] | | Maritorena et al. (2002)
411) - Ca(443)) - (@, (411) - Cay, (443
QAA VS 14, (443) = (a1 D) ~Gatdi3) - (@ (411 - ay (443) Lee et al. (2002, 2005)

¢—¢

Carder-empirical

aag (443) = 10(0.016*0.185 X p25—=1.081 X p35—1.234 X p65)

Carder et al. (1999,2004)

Tassan

g0 = 10 (€1 + ¢, Log1(R) + ¢5 Logo(R))

Tang et al. (2004)

GOCI

Adom (412) +R0.2047 —1.3351

Moon et al. (2010)

Table 3. Equations showing frequency Error Estimates (Bias,
RPD, APD, RMSE) (Siswanto et al., (2011)). Where
Pret, Pis and N are algorithm-retrieved bio-optical
products, in-situ bio-optical products, and number of
data, respectively

Error .
Estimates Equations
. 1 N
Bias N 1; (Pyet— Pi5)
N [ Pror—P;
RPD 1 > ret 13)100
i=1 P;s
1 N P, ret_P is |
APD - 100
N ; P, is
1 N
RMSE N Z(Pret_Pis) ]
i=1

4 A231%th, Semi—analytic Algorithms o=
Carder—semi (Carder et al., 1999, 2004), GSM
(Garver and Siegel, 1997; Maritorena et al., 2002)
I QAA 5 (Lee et al., 2002; Lee et al., 2005)7} 31
t}, Empirical-Algorithms®l&= Carder—empirical
(Carder et al., 1999; Carder et al, 2004), Tassan
(Tang et al., 20047 GOCI (31 2], 20107} L
t}, Table 2+= Semi—analytic Algorithms¥} Empirical
—Algorithms®]] Tzt 418 7FeFelA| e Sict,
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7ol dare|gol| tigt @S F4kstalat Siswanto et

al. (2011)©] A|A3t Bias, mean Relative Percentage

Difference (RPD, %), mean Absolute Percentage
Difference (APD, %), Root Mean Square Error
(RMSE)E ol-&5}%om 2120 2415 Table 3
Ehglet. Biaset RPD& 84 449] A ket w54
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= 9 ESAAS AAlskH, RMSE= 747k @74t
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Algorithms (Carder—semi, GSM, QAA v5)¥} Empirical
—Algorithms (Carder—empirical, Tassan, GOCD) 2.2
o] AR 919 YaejEES = SeaWiks,
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£ 34517 9Iet ASolth Fig. 2= % acou(12)
& 67119 garefEell 53 acpon(12)9] ARHAIE
248 Jefzo|n, Table 49 22HBias, RPD, APD,
RMSE)E Atsto] Aejskich.

(1) Carder Semi—Analytic Algorithm

Carder—semi ¥¢1g]E2 % agpou(412)9}
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Fig. 2. The relationships between in-situ acpom(412) and CDOM algorithms. (a) Carder-Semi, (b) GSM, (c) QAA_v5, (d) Carder-

Empirical, (e) Tassan, (f) GOCI.

Table 4. Summary of fitted equations and error statistics for the CDOM algorithms in the East Sea

Algorithms Bias RPD (%) APD (%) RMSE R’ N
Carder-semi -0.009 -832 34.19 0.023 0.067 48
GSM -0.016 -29.69 29.69 0019 0.557 48
QAA_V5 -0.004 <122 10.83 0.007 0.795 48
Carder-emp -0.018 -33.25 3325 0.021 0.120 48
Tassan 0.009 26.34 274.89 0.028 0.004 48
GOCI 0.023 51.03 56.58 0.029 0.132 48
ATEAE HERATHR=0.067). RMSEE 0.0232.2 ARk o7 CDOM e oFgol 2af Fual= &l

2 Semi-analytic Algorithms 229} v] 1 S uj
71 2 2215 HAtHFig, 2a, Table 4), $9t &2 2
= Carder—semi aig]&o] A oA FE3
acpom(412)9} & Zol& Kol Aogte] A 7E Atk
o 4= 9lek acpow(412)7F 0.05 m™ wlgte] 4
TS ATIAE BHou 0.05 m™ o] FhollA
o7 Wpag7h E A

I0CCG (2006)9] 1+ Aol 23t Carder—
MODIS ¥arefEollx F4HE ag (443)1} AolA] &
538 agg(443)2 £ ARIAIE EATHR=0.771,
RMSE=0.279, N=656). Carder-semi ¥1&|& 7}
el7] 9%t @ ARES T2 Ao} ofd sl
A 5o &3 AR EO|THCarder et al., 2004).

fe o e
o
£‘= rlo rulo

ox.

=
= ez dHA QlthHessen et al., 1994; Morris
and Hargreaves, 1997; Nelson et al., 1998). 121}

2 o] ALgE W4 Hojelt o2 B vk ohe
23, AL dolet Eauo] glet. tetd o

e 3} Ak} BloRe] 5717} Carder-semi &
Tej5o] QREE UL, olefst EAo] & AT dolo]
2 038 wel Aow Fyur,

(2) Garver—Siegel-Maritorena Semi—Analytical
Algorithm

GSM €18 &2 ¥ AHHAE YE Aot
(R?=0.557). RMSEx 0.0192 t}2 dua|Z3} v|m
P ) F gz 2 925 HIKFig. 2b, Table 4).
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o|¢} 7o A= GSM LarE|Eo] FRolA BTt
acpon(412)2 F2 AIHAE Hol= AXY Holzuh
AW 0 2 A%} agno(412) ol $71 42 GSM &
elEo A 2AE agon(412) gro] TAaH 7} Eofx=
7Aoke Helth(Fig. 2D).

I0CCG (2006)2] A+ At 2t GSM ¥l
Zol A S age(443)1 Rl A BESH ag5(443)S
=& AHIAES HAThR?=0.798, RMSE=0.246,
N=656). GSM 1852 A A A 23]
o & Case—1 Waterol| AgstH i A+AE9] o]
402 MODIS Level 1914 Level 2& A} 2 uff 914
2wl 2= o] AL ek, 2 o] YarEEE
oll2t o] Case—1 Waterol 2|23t dire]Eo|=
el 2 Al s 54 9 Bt el A

A gl digh 5ol F5sH 3 E o] gtk GSM
darElgol o’k CDOM F8=5 7] flsid= A
At A o] uhE AR TRk Aol PR A
FejofoF & Ao, TR HASE T AT el
She darelEo 2 BAsfor & Aot

(3) Quasi—Analytical Algorithm (QAA v5)

7]& CDOM S35 A& 41E|E F QAA v ¥
258 =2 o ATWAE YERYUTHR=0.795).
RMSEE 0.0072 2417} 2 tHFig. 2c, Table 4).
Fig. 2002 o] @435 3t daelsold 3449
F2 11 RIS 7120 ' okst HelolA 22 WA E
Holxal qirt, 919 AMA Y QAA v5 YarejEe] &
oA E53t apon(412)9} A BTA T o B8 713
AR 4ok A o2 st

Lee et al. (2009)9] g+ Ax}o] oJ5tH QAA vbH &
T Eo| A FAE aq.(443)3 AFA FEF
adg(443)2 ¥ 23S BYHR=0.820, RMS
=0.296, N=751). QAA v5 L1g&2] 79 thoFst
A9 oA B acpou(412)2] Y7 0.01~ m 'S
o]-g-3to] 200949 QAA vHE ZAAEYTE QAA v5
u2|Eo] A&HQ1 A N Fa sfeolA 7F
F2 A3 S vER o, & Ao Aget &
glgolel AT

Rloo a2

(4) Carder—empirical Algorithm

Carder—empirical 8|52 oFo] AT

it
i

EPFThR?=0.120). RMSE= 0.021%8tHFig. 2d, Table
4), Carder—empirical BHo| 1:1 2RloA 22 T4
£ Ho] F= 708 Ho|xW Carder—semi WO =
AArE AT Y 0.05 m ™ oA = W ol A= Al
o8 2 AAE Vel A s A
H2ltkFig, 2d).

(5) Tassan' s TSM Algorithm

Siswanto et al. (2011)¢] A Ai}of 2Js}H
Tassan ¥218]Z(Tang et al., 200414 =4H ag,,,
o} AolA 5Tt ag, = T AHE HAR’=
0.82, RMSE=0.186, N=247). Z1&u} & dFo|A=
CDOM 3% 4k& ¥4ilelE 5 Tassan YalE]S
7P njojg AREAE BYom(R*=0.004), RMSE
L 0.028%tHFig. 2e, Table 4). CDOM &34 Ak
<= 913 Tassan YarejE ARoIA 53 acpou
(412)2} PA7} A em, La7F A31 Z42F] acpow(412)
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Fig. 3. acpom(412) concentrations retrieved from MODIS images using CDOM algorithms (Semi-Algorithms and Empirical-Algorithms).
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