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Abstract. The paper describes inherent optical properties (IOP) of grauBcoastal waters derived
from in situ measurements and Medium Resolution Imaging Spectrometer I@)ERtellite data.
Field measurements of optical water, total suspended m@i&), and chlorophyll-a (Chl-a)
concentrations were carried out during the dry season of 2007. Duringdtiode, only four MERIS
data were coincided witin situ measurements on 31 August 2007. The MERIS top-of-atmosphere
radiances were atmospherically corrected using the MODTRAlMtrze transfer model. Thie situ
optical measurement have been processed into apparent opticaltiprpop&0OP) and sub surface
irradiance. The remote sensing reflectancaaitu measurement as well as MERIS data were inverted
into the IOP using quasi-analytical algorithm (QAA). The resulticaigéd that coefficient of
determination (B of backscattering coefficients of suspended partitigp (ncreased with increasing
wavelength, however the?Rf absorption spectra of phytoplanktoa,f decreased with increasing
wavelength.
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1 INTRODUCTION by providing the synoptic view of landscape.
The Berau estuary, East Kalimantan, is &uch view is practically impossible to be
high biodiversity site in Indonesia that hasbtained by conventional in  Situ
been declared as a Marine Protected Areaeasurements. Ocean color remote sensing
(MPA) by the Indonesian governmentapplications utilize the spectral
Mapping of suspended sedimentharacteristics and variations of radiometric
concentration and water transparency awata to derive information about some of the
essential for monitoring the health of theonstituents of the water. Techniques for
ecosystem and especially of coral reefs. Water constituent retrieval have evolved from
this study area, the coral reef ecosystem @& empirical to the semi-analytical approach.
located at 40 to 100 km from the mouth offhe empirical algorithms (Gordon & Morel,
the Berau river. Water quality monitoring in1983) only capable retrieving a single
this environment becomes increasinglgonstituent concentration. The  semi-
important because there are enhancehalytical method is capable in retrieving
anthropogenic activities in the Berauhree water constituents simultaneously.
catchment such as coal mining and The color of the ocean, as detected from
deforestation whichhave increased the loambove, depends strongly on the inherent
of suspended sediment, chemicals, araptical properties (IOPs) of the upper water
nutrients into the estuary. Mapping of totatolumn. Inherent optical properties (IOPs)
suspended matter distribution as well as Chire the optical properties of water that are
a concentration using an accuratendependent of the ambient light field
methodology will help the coastal manager t@Preisendorfer, 1976). Scattering and
arrange the plan of environmental protectioabsorption coefficients are some example of
in order to sustain the MPA program. IOPs paramaters affected by water
Remotely sensed imageries play anonstituent such as suspended and dissolved
important role in coastal area managemerdrganic materials. Variations in I0OPs are
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clear indications of changes in watescheme. Firstly, the values of total absorption
characteristics. The apparent opticahnd backscattering coefficients  were
properties (AOPs), are those opticahnalytically calculated from values of
properties that are influenced by the angulaemote-sensing reflectance. Then,
distribution of the light field, as well as byphytoplankton and CDOM coefficients were
the nature and quantity of substances presatgcomposed from the total absorption
in the medium. The AOPs parameters amefficients. The goal of this research was to
diffuse attenuation coefficientKg), as well retrieve IOPs from MERIS data using QAA
as subsurface irradiance reflectanBéD’), and Case-2 Regional Algorithm.
remote sensing reflectanceRd). Various
models have been developed to relate IORs MATERIALSAND METHODS
and AOPs (IOCCG, 2006). Salama al. 2.1 Thestudy area
(2009) developed an algorithm, modified The study area is Berau Estuary waters,
from the GSM semi-analytical model, forsituated in east Kalimantan and the northern
deriving bio-optical properties such as IOPMakassar straits affected by the Indonesian
in inland waters. Ambarwulaet al. (2011) Through-Flow (ITF) (Figure 1). The ITF
studied the specific inherent opticalaffects the predominant along-shore current
properties of Berau water using Bio-Opticain East Kalimantan coastal waters in
Model Inversion. southward direction through the Makassar
The total absorption coefficieat ) and straits. The area is also influenced by tidal
total backscattering coefficiedtt,( ) are the (semi-diurnal), seasonal (monsoon), and
basic IOPs in ocean color remote sensin@ytra-annual effects. The Berau coral reef and
which are the key to connect AOPs from thatolls system are distributed north from the
remote sensor and the concentration of watBerau delta. From the land side, the Berau
component.  Multi-band  quasi-analyticakriver accounts for a substantial amount of
algorithm (QAA) developed by Leet al. annual fresh water and sediment input into
(2002) to retrieve absorption andhe coastal zone. Thus, studying the coastal
backscattering coefficients, as well aslynamics in the Berau estuary is very
absorption coefficient of phytoplanktoninteresting due to its relative small area, but it
pigments and CDOM have been used in this composed of a complex ecosystem and
study. The main idea of QAA was toprocesses.
calculate optical properties in a level-by-level

Figure 1. The Berau Estuary, East Kalimantan, Indonesia
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2.2 In situ observations Spectrometer (MERIS). The MERIS Level
The in situ observations involved water 1b (L1b) and Level 2 (L2) were provided by
sampling, in-water radiometer measurementie European Space Agency (ESA). The
(using Ocean Optic Spectrometer - USB4000MERIS recorded on August 31, 2007 was
and Secchi disk depth measurement farsed in this study. The above surface remote
transparency of light. Bio-geophysicalsensing reflectanc®<(0") of MERIS data
parameters were also measured using waas derived with different atmospheric
Horiba U10 water quality multi-sensor probecorrection methods. A radiative transfer
forconductivity, temperature, pH, turbidity,models MODerate spectral resolution
dissolved oxygen, and salinity. The observatior@mospheric TRANsmittance (MODTRAN)
were carried out during August - Septembdor atmospheric simulation and correction
2007. From each station, water sample wagas applied in this study (Best al., 2000).
collected. Under and above water radiometrithe Case-2 Regional algorithm processor
measurements were carried out using tH{€2R) (Doerffer and Schiller, 2007) and the
Ocean Optic Spectrometer USB4000. Spectfaee University of Berlin algorithm processor
of subsurface irradiance were measured @UB) (Schroeder and Schaale, 2005) were
three depths of 10, 30 and 50 cm. Th€ase-2 plug-in algorithms in BEAM Visat,
subsurface irradiance reflectance R(0-), wasd they were based on an artificial neural
then calculated from the measured subsurfanetwork trained on the basis of radiative
irradiance spectra at 10, 30, and 50 cm deptinansfer model calculations. The main task of
The water sampling and radiometethese algorithms was to retrieve the top-of-
observations were always conducted from theater (TOW) reflectance from the top-of-
area where the was no shadow of the boat. atmosphere (TOA) reflectance derived from
the radiance measured by the satellite sensor.
2.3 The AOP generated through water
sample analysis 2.5 Deriving inherent optical properties
The above surface remote sensing from model inversion
reflectance R was an input on the The IOPs of Berau estuary waters were
estimation IOP using QAA. Thiesof insitu derived using QAA. TheRs in situ
optical measurement obtained from theneasurement anBs MERIS were input in
subsurface irradiance reflectan®¢ ,0-) at the QAA. The subsurface remote sensing
each wavelength ( ) was calculated. The R(0-) reflectance 1) in this study was calculated
was one of AOP parameters as the ratio bfsed on a function of ) = Rs( )/(0.52 +
upward E,) and downward Hy) irradiance 1.7Rs()) (Lee at al., 2002). A full
( Wem-2nm-1) just beneath the waterdescription of the QAA was presented by Lee
surface (Mobley, 1994). The subsurfacgt &. (2002) and IOCCG (2006) and Lee
remote sensing reflectance was calculated @k (2010). Briefly, the QAA employs a series
ratio between the subsurface irradianc@l analytical, semi-analytical and empirical
reflectance and Q (geometric anisotrop§gorithms to convents( ) to a( ), andby( ).
factor of the underwater light field). It wasThe absorption coefficient (a( )) was
usually taken as Q = 5 sr (Gege, 2005)1_ec0mposed into seawater absorptiaq, ),
From the subsurface remote sensinghytoplankton absorptiongon( ) and the
reflectance, the above surface remote sensifigMmbined absorption of coloured detrital and
reflectance was calculated by multiplg(8-) dissolved material (CDMJaqy( ) (considered
with 0.544 (Bhattiet al., 2009). together as a single term because of their
similar spectral shapes (Nelsehal., 1998;
24 The AOP retrieved from MERIS Nelson and Siegel, 2002). The backscattering
imagery coefficient (by( )) was partitioned into terms
The remotely sensed imagery used idue to seawaterby ), and suspended
this study was Medium Resolution Imagingarticulatespbyy( ). The retrieved IOPs using
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QAA includea( ), bup( ), apn( ), andagg( ) of The backscattering coefficients  of

wavelengths ¢ values at 410, 440, 490, 510gyspended particled,, of Rs of in situ

555, and 670 nm. measurement an&s MERIS data showed

3 RESULTSAND DISCUSSION j[hat the highest value of tlmg, was obtgined
3.1 Retrieving |OPsusing QAA in the short wavelength and continually
The QAA algorithms steps to retrievedecreases with increasing wavelength (Table
IOPs fromR.s were applied to thin situ data 1). Theby, derived fromRs MERIS data was
sets and MERIS data set. The IOPs retrievéfigher compared to thie,, derived fromR
using QAA fromR;s in situ measurement and jn situ measurement. The difference between
Rs MERIS data was displayed in Table 1. 9, gt measurement and MERIS data could

?::eerﬂ(’)gﬁgvs d V?el\ljiiigﬁgt\ﬁ gterp\a:rr]%;r:\:/rlljclea also be due to the within-pixel heterogeneity.
g yp Y- q‘he in Situ measurements were obtained at

et al. (2011) found the backscattering of .
suspended sedimentbyf) of the Berau point locations that represent a very small

estuary water using Bio-optical modeflomogenous water footprint, while the

inversion ranged at the value from clear tY/ERIS sensor records the signal over a
turbid water bp,=0,019 - 0,604 ). much larger 1.44 kfnwater surface area (1.2
km resolution RR data).

Table 1. The IOPs of the Berau Estuary waters retrieval frogtu and MERIS data using
QAA.

IOP (m¥)

440
MERIS

0,0139
0,6427
0,1013
0,0354

490
MERIS

0,0112
0,5659
0,0880
0,0466

510 560
In Situ :\gER In Situ
0,0049 0,0103 0,0040
0,1999 0,5398 0,1911
0,0441 0,0836 0,0403
0,0479 0,0507 0,0656
0,5338 0,1828 0,3152
0,1604 0,0914 0,1239
-0,0177 0,0068 -0,0084
0,1189 0,0380 0,0562
0,0136 0,0177 0,0064
0,0126 0,0114 0,0024
0,5190 0,1132 0,2617
0,1115 0,0411 0,0543

410
MERIS T

Stu
0,0161 0,0067
0,6986 0,2145
0,1111

0,0511
0,0422 10,0314
0,2253 0,7945 0,1857
0,1053 10,1696 0,0857
0,0304 -0,0506 0,0194
0,1705 10,3399 0,1087
0,0794 10,0388 0,0506
0,0070 0,0170 0,0097
0,0545 10,4594 0,0734
0,0211

0,1245 0,0287

In
Stu
0,0053
0,2037
0,0459
0,0338
0,6458 0,2051
0,1767 0,0970
-0,0239 0,0092
0,1605 0,0513
0,0183 0,0239
0,0149 0,0225
0,6547 0,1401
0,1397 0,0581

In Stu

0,0078
0,2219
0,0549
0,0264
0,8739
0,1582
-0,0794
0,5330
0,0608
0,0123
0,3424
0,0927

MERIS

0,0085
0,4834
0,0740
0,0692
0,1486
0,0936
0,0032
0,0180
0,0084
0,0041
0,0692
0,0234

min
max
mean
min
max
a mean
min
max
mean
min
max
mean

bbp

adg

aph

620 660 680 710

IOP(m3)

In Stu

MERIS

In Stu

MERIS

In Stu

MERIS

In Stu

MERIS

min
max
mean
min
max
a mean
min
max
mean
min
max
mean

bbp

adg

aph

0,0032
0,1821
0,0366
0,0673
0,2762
0,1497
-0,0034
0,0228
0,0026
-0,2082
-0,0219
-0,1298

0,0069
0,4286
0,0649
0,0851
0,1502
0,1180
0,0013
0,0073
0,0034
-0,1923
-0,1297
-0,1609

0,0028
0,1767
0,0345
0,0439
0,2617
0,1305
-0,0019
0,0125
0,0014
-0,3661
-0,1607
-0,2831

0,0060
0,3981
0,0599
0,0783
0,1651
0,1181
0,0007
0,0040
0,0019
-0,3327
-0,2474
-0,2937

0,0027
0,1742
0,0336
0,0374
0,2657
0,1217
-0,0014
0,0093
0,0011
-0,4276
-0,2086
-0,3466

0,0057
0,3843
0,0576
0,0790
0,1731
0,1220
0,0005
0,0030
0,0014
-0,3867
-0,2937
-0,3443

0,0024
0,1706
0,0323
0,0250
0,2740
0,1040
-0,0009
0,0059
0,0007
-0,8020
-0,5590
-0,7257

0,0052
0,3652
0,0545
0,0598
0,1892
0,1118
0,0003
0,0019
0,0009
-0,7676
-0,6390
-0,7161
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The total absorption coefficien\) of increasing wavelength. The magnitude of
the Berau estuary waters from previous studySME of a was decreased with increasing
(Ambarwulan et al., 2011) found the the wavelength. In this study theg, on all
absorptiom of chlorophyll-a (Chl-a) waswavelengths were similar  {R0,35),
between 0,037 to 0,108 (h Thean was however the RMSE  decreased with
higher in short wavelength decreased witthcreasing the wavelength. The absorptionof
increasing wavelength. In other hand, thPhytopIanktonz{ph) has similar trend withy,
absorption coefficient of the combineq,\,hich is decreased with increasing
absorption of colored detritus and dissolvegiavelength. This result can be explained due
material, agy derived from Rs in Stu to the absorption is more sensitive in the

measurement was lower compared toRhe short wavelength (blue and green band).
MERIS derived data. Theg, decrease with

increasing wavelength and started &2 Retrieving |OPsusing C2R
wavelength 620 nm were negative value. The Case 2 Regional algorithm

. . .2
sets, the coefficient of determination’fRNd geam Visat derived some parameters of the

root mean square error (RMSE) Werg .ior pody such as IOPsasf, TSM

calculated and were displayed in Table 2. Thc?oncentration, Chlorophyll_a concentration

RMSE was used to express the differences o
between IOPs ofR. measured andR. and AOP reflectance). The distribution of

derived from MERIS data. The’Rf byp WS IOPs of the Berau estuary derived from

the highest compare to the total absorptio!MlEl_?IS data' using C2R processor algorithm
(a) as well asag and ag, The R of the e is displayed in Figure 2. It clearly shows that

increased with increasing wavelengths. Th&€ study area, which is located in a tropical
RMSE of theby, was also the lowest oneregion, was usually covered by clouds. It was
compare to the others and decrease th#ficult to find MERIS data with low cloud

RMSE with increasing the wavelength.Thizover, as shown clearly in Figures 2. High
can be explained due to the backscattering ghps were found at the location close to the

particle  more sensitive ir21 the  highyiyer mouth and they decrease when going
wavelength. However the “Rof total jntothe outer shelve.

absorption coefficient a decrease with

Table 2. Inter-comparison between IOPs @f derived fromin situ measurement angs of
MERIS after MODTRAN Atmospheric correction.

Wavelength R? RMSE
(nm) Bop a dg 8ph bop a 8dg ph
410 0,73 058 03 066 00675 0,0/65 0,0814 0,0719
440 0,74 067 035 0,66 0,0615 0,0926 0,0519 0,0963
490 0,76 081 035 0,79 0,0534 0,0948 0,0245 0,0905
510 0,76 082 035 0,81 0,06506 0,0774 0,0182 0,0752
560 0,78 08 03 0,83 0,0446 0,0365 0,0086 0,0349
620 0,79 032 03 0,27 0,0389 0,0434 0,0035 0,0414
660 0,80 003 03 0,02 0,0357 0,065629 0,0019 0,0499
680 0,80 004 035 0,03 0,0342 0,0544 0,0014 0,0517
710 0,81 0,003 0,35 0,001 0,0322 0,0575 0,0009 0,0571
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The inter-comparison between IOP&nd QAA, indicating by a relatively low
derived using QAA and using C2R ofcorrelation (R=0.57) and the relatively high
MERIS data August 31, 2007 displays irRMSE (RMSE=0.891). The insufficient
Figure 3. The results showed a largatmospheric correction achieved in the C2R
discrepancy between the backsactteringrocessor algorithms and MODTRAN at the
coeffcient of particles bp) at wavelength blue wavelength domain may be responsible
440 nm derived from MERIS data using C2Ror this.

b_tsm [m-1] A_galbstott fma-1] a_pig Im*1]

001 003 008 01 02 038 074 143 277 637 104 00 001 002 003 A0 011 021 041 0T 145 285 00 0O 001 082 003 005 04 0.8 034 063 113

Figure 2. 10Ps of the Berau Estuary waters derived from MERI$ARBust 31, 2007) using
C2R algorithm.
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Figure 3. The inter-comparison between IOPs derived from MERIFARIust 31, 2007)
data using QAA and using C2R.
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