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ABSTRACT

The bio-optical approaches in remote sensing applied are modelled by the relationship of remote sensing
reflectance — Rrs(A) and the inherent optical properties, including backscattering - b(2) and absorption - a(A)
coefficient of components in water bodies. Based on the in-situ data of bio-optics and TSM (Total Suspended
Matter) concentration from surveys of Nha Trang Bay in the period of 2013-2014, the paper presents the potential
application of marine bio-optics for TSM estimation from hyperspectral images in the waters. The diffuse
attenuation coefficients — Kd(4) — and irradiance reflectance — Rys(1) were derived from downward and upward
irradiance measurement; a(4) was observed by UV spectrophotometer in 380 — 800nm wavelength; whereas b(1)
was calculated from total suspended matter. The in-situ data were acquired an estimation of TSM by the ratio
among R(A4). The best relationship of model for in-situ Rys(4) and TSM concentration would be chosen to apply for
hyperspectral images. In the case of LANDSAT 8, the band ratios (bands 1 — 4) were simulated from the collected
reflectance spectra and potential estimation errors were assessed. The best relationship would be applied for TSM
estimation of LANDSAT 8 images. The findings indicated that the band ratio model could be applied for LANDSAT
8 (bands 1-4) or other similar hyperspectral images (like VNREDSat 1). Hyperspectral images database would be
used to monitor the TSM in similar condition coastal waters similar with Nha Trang Bay.

1. INTRODUCTION

Optical reflectance of TSM (total suspended matter) in coastal water were contributed by
phytoplankton, non-algal TSM and dissolved color organic matter (CDOM) (Wallace, et al.,
2014). The reflectance value of water components is very importance for estimation of TSM
spatial distribution from remote sensing data. Several algorithms was researched to derive the
concentration of TSM (Kuenzer & Tuan, 2013; Neckel & Labs, 1984; Zhang, et al., 2009a;
Zhang, et al., 2009b). Some of them targeted using the inherent optical properties to estimate
of TSM.

In Vietnam, marine optics integrated in remote sensing field of TSS concentration was
presented in several publication (Phan Minh Thu, et al., 2008; Tomasi, et al., 1996; Yahya, et
al., 2014). Phan Minh Thu et al. (2008) mentioned that marine optical properties could be
applied for estimation of TSM from LANDSAT ETM+ in Nha Trang Bay, but it had not
calibrated.

This paper shows the initial results of estimating TSM concentration in Nha Trang Bay
by combining bio-optic approaches within light properties for hyper-spectral images.

2. MATERIALS AND METHODS
2.1. Bio-optic modeling

Irradiance reflectance — R(z,\) — is defined as (Morel & Prieur, 1977):
R(z,A) = Eu(z,\)! Ea(z,1)
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where, Eu(z,A) and Eq(z,A) are upwelling and downward irradiance at depth (z) in the water
column. On another hand, irradiance reflectance (R) is the function of total absorption
coefficients — a(A) — and total backscattering coefficients — b(A):
by (1)
ROD =T B+ b

where, f is depended on the radiance distribution within the subsurface light field and on the
volume scattering of particles in seawater. Kirk (2014) modeled f as function of the cosine of
the solar zenith angle (po) of refracted photon as f(uo) = -0.629 o + 0.975

The R(1,0) is closely related to the spectral remote sensing reflectance — Rrs(A) as (Kirk,
1994):
RTS (l, O) = LW (l, O)/Ed (Z" O)
where, Lw(A,0) is the water leaving radiance and E4(),0) is downward irradiance above the air-
water interface. According to Gordon and Morel (1983), Lw(A,0) =0.54 Ly(A,0) and  Lu(2,0)
= Eu(?\,,O)/Q

Another hand, according to Ahn et al (2006), with the sensor viewing angle (10-20° from
nadir), Rrs(A) can be written as follows:

R,s(A) = 0.044

Where: bb (2&) = bb W(ﬂ“) + bb TSM(X“)

a() = ay, (D) + aprsyy (AINTSM + agpy, (D) Chla + appoy (A)CDOM
where, aw, antsm, achia, dcpom, are absorption of pure seawater, non-algal TSM and Chl-a
respectively; by w, bp Tsm are backscattering of pure seawater, TSM, respectively.

) 550\”
by rom (A) = by 15w (550) (=) TSM
where, b}, 751,(550) = 0.0086 m?g~?! (Kiefer & Reynolds, 1992).

by (4)
a(4) + by(4)

2.2. Collecting samples and field measurement
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Fig. 1: Stations in Nha Trang Bay
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Water samples for TSM and Chlorophyll-a (Chl-a) was collected at the 11 stations in Nha
Trang Bay in the period of 2013-2014 (Fig. 1). At the same time, the light properties (Ed(A,z)
and Lu(A,z)) of water column at all stations also was measured by PRR2600 at light wavelength
of 380, 412, 443, 490, 555, 625 and 665 nm.

2.3. Sampling measurement and estimating optics

Water samples were filtered by GF/F membranes. TSM was measured by weight method
after drying at 105°C within 24 hours (APHA, 2005), whereas Chl-a was extracted by acetone
90% within 24 hours and measured by spectrophotometers (Jeffrey, et al., 1997).

The attenuation coefficient for dowelling irradiance — Kq(A) — is computed (from 0" to a
certain depth x) as:
Ka(A) = (1/2) In(Eq(1,07)/ Ed(X,2))
The band characteristics of Landsat 8 and wavelength of light intensive were given in
Table 1.

Table 1: Bandwidth of LANDSAT 8 and wavelength of light for calculation

Wavelength Using PRR2600
Sensor Bands .
(micrometers) wavelength (nm)

Band 1 - Coastal aerosol 0,433 - 0,453 443

Band 2 — Blue 0,450 - 0,515 490

Band 3 — Green 0,525 - 0,600 555

Band 4 — Red 0,630 - 0,680 665
LDCM — | Band 5 - Near Infrared (NIR) 0,845 - 0,885
Landsat 8 Band 6 - SWIR 1 1,560 - 1,660

Band 7 - SWIR 2 2,100 - 2,300

Band 8 - Panchromatic 0,500 - 0,680

Band 9 - Cirrus 1,360 - 1,390

Band 10 - Thermal Infrared (TIR) 1 10,3-11,3

Band 11 - Thermal Infrared (TIR) 2 115-125

According to Loisel et al. (2014), Band blue, green and Red could be fined to estimate
TSM concentration, whereas Neil et al. (2013) indicated that Band Red was more related with
non-algal TSM.
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3. RESULTS AND DISCUSSIONS
3.1. Diffuse attenuation for downward irradiance

Table 2: Relationship between
TSM with total of Kq

- : TSM  TOM  TIM
The Kq(A) coefficients in Nha Trang Bay were
O TSM 1
strongly variation for the full spectrum (380 — 70nm)
(Fig. 2). The Kqprar was significantly changed between TOM 08231 1
dry season to rainy season (p<0.05). They were meansof ~ T'M ~ 0.9885 0.7280 1
0.181 + 0.071 m™ and 0.229 + 0.166 m™, respectively. ~ Kd380 0.8109 0.5605 0.8301
The Kg value would present the status of transparent ~ Kd412 0.8056 0.5478 0.8271
water as well as the concentration of TSM. Less Kg Kd443 0.7946 0.5259 0.8195
would give more transparent water. The Kqpar for clear Kd490 0.7638 0.5065 0.7876
water was determined at 0.034 m™ (Vincent, et al., 1998) Kd555 0.6936 0.4569 0.7159
and .Kd(420) of pure water .WaS 0.00758 m' (_Mo_rel & Kd625 0.6479 0.4154 0.6718
Maritorena, 20_01). The Kg in Nha Trang _Bz_zly indicated Kd665 0.6164 0.3819 0.6426
that water bodies was case 2 water or turbidity water. In
addition, Table 2 show that Kg4(1) could be estimated from TSM.
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Fig. 2: Variation of Kd(A) avereage in Nha Trang Bay
3.2. TSM modeling for remote sensing estimation
Table 3: Matrix of correlation between TSM with Rrs(A)
TSM TOM TIM  Rrs380 Rrs412 Rrs443 Rrs490 Rrs555 Rrs625
Rrs380  0.0505 -0.2696 -0.1863 1
Rrs412  0.1661 -0.1522 -0.0827 0.9375 1
Rrs443  0.3084 -0.0951 0.0487 0.8886 0.9465 1
Rrs490  0.3564 -0.0423 0.1398 0.7854 0.8940 0.9773 1
Rrs555  0.5738 0.1682 0.4406 0.5653 0.7246 0.8602 0.9287 1
Rrs625  0.8033 0.2788 0.5937 0.3750 0.5188 0.6743 0.7352 0.8950 1
Rrs665  0.8026 0.2672 0.5697 0.3783 0.5221 0.6743 0.7320 0.8882 0.9983

Initial TSM estimation with hyper-spectral images in coastal waters based on bio-optic approach



The related matrix between Rrs and TSS, TIM (Table 3 and Fig. 3) shows that reflectance
value at 625 and 665nm were suitable for retrieval of TSM in coastal water. This results would
be applied for red band (Band 4) of Landsat 8 or other remote sensor images with the same as
band width value. Our results would be demonstrated for studies of Loisel et al. (2014) and
Neil et al. (2013) for the TSM algorithms based on optic-approaches.
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Fig. 3: TSM vs. Rrs(665)
4. CONCLUSION

By the data analysis from light intensive at 380, 412, 443, 490, 555, 625 and 665 nm; in-
situ data of TSM and optical modelling, the diffuse attenuation for downward irradiance (Kd(1)
and Kpar) and reflectance (Rrs) were obtained in the relationship with TSM. Based on Kpar,
the water bodies of Nha Trang Bay was defined as case 2 water. In addition, R at 625 and 665
nm were suitable for estimating TSM. These wavelengths were integrated in the Band 4 of
Landsat 8. These results also could be applied for other remote sensing images with the similar
band width at red band.
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