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RESUMO

O Material Particulado em Suspensdo (MPS) é o principal componente em sistemas
aquaticos. Elevadas concentracfes de MPS implicam na atenuacdo da luz, e ocasionam
alteracdes das taxas fotossintéticas. Além disso, a presenca de MPS no sistema aquatico pode
aumentar os niveis de turbidez, absorver poluentes e podem ser considerados como um
indicativo de descargas de escoamento superficial. Portanto, monitorar as concentragdes de
MPS é essencial para a gerar informacdes técnicas que subsidiem o correto manejo dos
recursos aquaticos, prevenindo colapsos hidrologicos. O sensoriamento remoto se mostra
como uma eficiente ferramenta para monitorar e mapear MPS quando comparada as técnicas
tradicionais de monitoramento, como as medidas in situ. Entretanto, diante de uma grande e
complexa variabilidade de componentes 6ticos, desenvolver modelos de MPS por meio do
sinal registrado em sensores remotos ¢ um desafio. Diversos modelos foram desenvolvidos
para reservatorios, lagos e lagoas especificos. Atualmente, ndo ha um tnico modelo capaz de
estimar MPS em reservatorios brasileiros em cascata. Com o0 objetivo de estimar as
concentracdes de MPS de forma acurada, o objetivo desta tese foi desenvolver um modelo
semi-analitico capaz de estimar valores de coeficiente de atenuacdo, Kg, por meio do uso dos
coeficientes de absor¢éo e espalhamento e, consequentemente, utilizar os valores de Kq para
estimar as concentracdes de MPS. A adoc¢do desta estratégica se baseou na atenuacéo da luz
ao longo da coluna da &gua, causada pela presenca de MPS. Inicialmente, as caracteristicas
Oticas dos reservatorios foram investigadas. Foi observado que cada reservatério apresenta
um componente oticamente ativo (COA) dominante, como em Barra Bonita, o primeiro
reservatorio da cascata, dominado pela fracdo organica do MPS, enquanto que Nova
Avanhandava, o ultimo reservatério da cascata, a fracdo inorganica de MPS é dominante.
Além disso, Bariri e Ibitinga, reservatérios localizados proximos a Barra Bonita,
apresentaram elevadas contribui¢cbes de material organico dissolvido colorido (CDOM).
Todas estas caracteristicas implicam em diferentes propriedades bio-Opticas.
Sequencialmente, a qualidade da reflectancia de sensoriamento remoto (Rsr) foi avaliada por
meio da comparacdo de quatro métodos, publicados na literatura, para remocgéao do efeito
especular. Para validacéo dos resultados, o resultado das simulac6es obtidas via Hydrolight®
foi utilizado como dado de referéncia. Os resultados demonstraram que o uso de um fator
hiperespectral que compense a componente especular foi a melhor abordagem para calcular
os dados de Rs, reduzindo aproximadamente 30% dos erros quando comparados as outras
abordagens, as quais consideraram apenas a velocidade do vento como causa do efeito
especular. Por fim, modelos empiricos e semi-analiticos foram desenvolvidos, sendo que 0s
modelos semi-analiticos apresentaram um resultado mais satisfatorio para as estimativas das
concentracdes de MPS do que os modelos empiricos. O modelo desenvolvido na presente
tese, QAATRcs, resultou em erros médios menores que 30%, enquanto que 0s modelos
empiricos retornaram erros de até 80%. Em vista do grande intervalo de concentragdes de
COA s e da variabilidade 6tica observada no reservatorios em cascata, 0 QAATrcs foi capaz
de estimar de forma acurada as concentracOes de MPS.

Palavras-chave: bio-0tica; aguas interiores; qualidade da agua; OLI/Landsat-8;
sensoriamento remoto.



ABSCTRACT

Suspended particulate matter (SPM) is the main component presented within aquatic system.
High levels of SPM concentration attenuate the light affecting the photosynthesis rates.
Besides, can increase turbidity levels, absorb pollutions and is an indicative of runoff
discharges. Therefore, monitoring SPM concentrations is essential to provide reliable
information for a correct water management to prevent hydrological collapse. Remote
sensing emerges as an efficient tool to map and monitor SPM when compared to traditional
techniques, such as in situ measurements. Nevertheless, considering a widely range of optical
components, modeling the remote sensing signal in terms of SPM is a challenge. Several
models were developed for specific reservoirs, lakes or ponds. Up to our knowledge, there is
not a single model capable to retrieve SPM in Brazilian linked reservoirs in a cascade system.
In order to accurately estimate SPM, the aim of the thesis was developed a semianalytical
model capable to estimate Kq via absorption and backscattering coefficients, and then, use Kg
to derive SPM. This approach was adopted because SPM directly contributes to the light
attenuation within the water column. Firstly, optical features were investigated. It was found
that each reservoir presented a specific optical active component (OAC) dominance, such as
Barra Bonita, the first reservoir in cascade is dominated by organic SPM, while Nova
Avanhandava, the last reservoir in cascade is dominated by inorganic SPM. Besides, Bariri
and Ibitinga reservoirs located nearest Barra Bonita, demonstrated high levels of CDOM
contribution. All these characteristics imply in changes of bio-optical properties. In
sequence, the quality of remote sensing reflectance (Rrs) was calculated by comparing four
methods published in literature, and using as reference for validation, the simulated dataset
via Hydrolight®. The results demonstrated that use a hyperspectral factor to compensate the
specular component is the best approach to compute suitable Rys, reducing 30% of errors
when compared to approaches that use wind speed as the only factor of glint effect. Then,
empirical and semianalytical models were developed, and the semianalytical model provided
more satisfactory results of SPM estimations than empirical model. Our developed
semianalytical model, called QAATrcs, retrieved errors for SPM estimates lower than 30%
on average, while the empirical model reaches errors near 80%. Considering the widely range
OAC:s concentration and the optical properties variability, QAATrcs Was capable to provide
reliable SPM estimates.

Keywords: bio-optics; inland water; water quality; OLI/Landsat-8; proximal remote sensing.
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CHAPTER 1: INTRODUCTION

1.1 RESEARCH CONTEXT

Earth’s system observation has been used along last decades for aquatic system
monitoring in a sustainable manner, providing a synoptic view of Earth’s dynamics (Kirk
2011, Muow et al., 2015). The mark of using remote sensing signal starts at 1978, with the
launch of first satellite for water applications — Coastal Zone Color Scanner (CZCS, see Table
1.1 and 1.2 for descriptions of symbols and acronyms, respectively) for ocean systems. In
inland waters, the investigations initialize later, in the last decade of 1980s (Giardino et al
2018). Currently, the technical improvements in remote sensors have been produced better
datasets with upgraded of spatial, temporal, spectral, and radiometric resolutions, aiming to
provide reliable information for monitoring different sizes of aquatic systems (Lobo et al.,
2015; Giardino et al., 2018).

The accessibility of restrict areas, a broader coverage of study areas, and higher frequency
rates of dataset production, are the main strengths when compared to the traditional
monitoring techniques, as in situ sampling (Muow et al., 2015, Palmer et al., 2015). Besides,
remotely sensed monitoring is mostly safe-cost, considering the quantity of remote sensing
datasets that are freely available for download, or even better, can be processed in cloud such
as the Google Earth Engine platform (Hansen et al., 2018). More robust and easier access of
datasets, improvements of processing capacities, evolution of assessments techniques, along
with the expansion of knowledge in hydrological optics theory resulting in a bunch of
features to efficiently monitor, predict and technically support the water management
decisions for sustainable water uses.

Water quality monitoring using remotely sensed datasets that are capable to register and
reproduce, by graphs or images, the interaction of electromagnetic energy and the optical
active components (OACs) within the aquatic systems. The main OACs are summarizing by
water, phytoplankton (characterized as chlorophyll-a, Chl-a), colored dissolved organic
matter (CDOM) and suspended particulate matter (SPM). All of them interact with the
incident energy by absorbing or scattering the light (Morel and Prieur, 1977).

The absorption and scattering processes can be defined as the coefficients that characterize

the inherent optical properties (IOPs) of the water column. Because of these interactions, the
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IOPs can be considered as proportional to the concentration and types of OACs within the
water column (Kirk, 2011). The aquatic systems also can be described accordingly to the
apparent optical properties (AOPs), such as the remote sensing reflectance (Rrs) and vertical
coefficient of light attenuation (Kq). The AOPs are influenced by the presence of OACs, but
also are directly affected to the variation of the incident light field (Preisendorfer 1961, Kirk,
2011).

Among the OACs, the major component of inland water sytems is the SPM, which plays
an important role in hydrophysical functioning and internal cycles (Lymburner et al., 2016).
Due to its capability to absorb and scatter the light, the SPM is responsible to increase the
levels of turbidity, attenuate and reduce the underwater light field, absorb the pollution
components, and affect the photosynthesis process that compromises the benthonic life
(Billota and Brazier, 2008). Therefore, understanding the SPM dynamics that are responsible
to affect the availability of energy inside the aquatic system is essential to guarantee better
conditions for the underwater life, besides providing the sustainability of the water resources
for now and future uses.

In inland waters, in contrast of ocean systems, presented a higher complexity of OACs
due to the widely variation composition and concentrations ranges. Because of the runoff
from catchments and anthropogenic activities, inland waters are commonly characterized as
highly turbid environments (Zhang et al., 2009). Consequently, a widely OACs variability
implies in more complex optical system (Lee et al., 2002) and great efforts are required to
establish a bio-optical models capable to produce accurately SPM estimates (Muow et al.,
2018; Palmer et al., 2015; Giardino et al., 2018).

Besides the optical complexity challenge, the radiometric signal resulted from aquatic and
light interactions cross the atmosphere to reach the sensors. Throughout the atmospheric
optical path, the atmospheric components directly attenuate the signal, and almost 90% of
registered information is derived from atmospheric influence (Bernardo et al., 2016), also
affecting the accuracy of SPM estimates. Beyond aforementioned challenges, other
drawbacks that might be considered are the viewing geometry set and the environmental
conditions during the field measurements, such as the cloud coverage, time acquisition, wind
speed and platform stability, in this case, the boat stability. Viewing geometry is an important

factor into the field site measurements due to the glint effects (Mobley 1999), while the field
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conditions can introduce errors to compute Ry, the most relevant variable to establish an
accurate bio-optical modeling (Lee et al., 2010). Therefore, the present thesis aims to deal
with these challenges that decrease the performance of SPM retrieval model, and presenting
the key solutions found to provide the most accurately SPM estimates over a widely range of

OACs within aquatic systems.

Table 1.1 List of acronyms.

Acronym Description

AOPs Apparent Optical Properties

IOPs Inherent Optical Properties

BB Barra Bonita Hydroelectric Reservoir

BAR Bariri Hydroelectric Reservoir

IBI Ibitinga Hydroelectric Reservoir

NAV Nova Avanhandava Hydroelectric Reservoir
CDOM Colored dissolved organic matter

CZCSs Coastal Zone Color Scanner

Chl-a Chlorophyll-a
QAA Quasi analytical algorithm

NAP Non-algae particles

OAC Optical active components

PIM Suspended Particulate Inorganic Matter
POM Suspended Particulate Organic Matter
SPM Suspended Particulate Matter

TRCS Tieté River Cascade System

Table 1.2 List of symbols

Symbol Parameter Unit
r Geometrical light factor -
Rrs Remote sensing reflectance above water surface srt
I'rs Remote sensing reflectance below water surface srt
Y Spectral power of particle backscattering coefficient -
S Spectral slope for non-algae particles (Snap) or CDOM
(Scdom) nm?t
SPM SPM =PIM + POM mg.L?
Ea(}) Spectral downwelling irradiance below the water surface W.m?2, nm?
Es(A) Spectral downwelling irradiance incident onto the water
surface W.m?2, nm?
L«(A) Spectral total radiance above water surface W.m2.srtnm?
Lsky(L) Spectral incident sky radiance W.m 2sr tnm?
Ka(A) Downwelling diffuse attenuation coefficient m?
a(L), a())  Spectral total absorption coefficient (a(h) = acdom(A)+ ap(M)+ m?
aw(A))

Acdom(A) Spectral absorption coefficient of CDOM m*



ap(h)

ag(L)
anap(A)
aw())
amw(A),atw
b(r)

bb(2.)

bbp(2)
bbw(X)
u)
Z

Zsp

Q

T

Y

Ao

Spectral absorption coefficient of particulate matter

(@p(1) = ap(W)+ anap(1)

Spectral absorption coefficient of phytoplankton pigments
Spectral absorption coefficient of non-algae particles
Spectral absorption coefficient of water

Spectral non-water total absorption coefficient

Spectral scattering coefficient

Spectral total backscattering coefficient (bo(A)=bop(A)+
bow(2))

Spectral total backscattering coefficient of particulate matter
Spectral total backscattering coefficient of water

Ratio of backscattering coefficient to the sum of absorption
and backscattering coefficient (bo(L)/ bo(A)+ a(lr))

Depth within the water column

Depth for time - i

Secchi Disk Depth

Ratio between

radiance transmittance

water to air internal reflection coefficient

Reference wavelength

3I

333333

333"

20
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7.2 FUTURE RECOMMENDATIONS

Our findings demonstrated improvements related to the expansion of optical
knowledge in linked systems as cascade of reservoirs, quality of Ry calculations, the
empirical model and its strengths and limitations, besides to provide a new SA model
capable to estimate SPM over a widely range of OACs concentrations. However, some
recommendations are also highlighted for future works.

The first recommendation is to test new sensors with similar spatial resolution and
high spectral resolution, such as Sentinel-2 that has spectral bands centered at 705 nm,
740 nm and 783 nm with 20 meters at spatial resolution. It might be possible that the red-
edge band used as the reference wavelength can improve the SPM estimations in
more eutrophic reservoirs, as shown in Watanabe et al. (2016) that developed
QAAgeHrR USiNg a dataset obtained in Barra Bonita reservoir. Moreover, additional
dataset considering the other two reservoirs, Promissao and Trés Irmaos, will offer a more
robust dataset and can be used to revalidate our model, QAATRcs.

Another relevant issue is related to the atmospheric correction methods.
Besides OLlI/Landsat-8 reflectance product presents a good accuracy (Pahlevan et al.,
2019), it was noticed that coastal band introduced errors in SPM estimations when we
applied the model 11 (561/(482-443)) to the image. Maybe tests related to new atmospheric
correction methods, such as the presented in ACOLITE (Vanhellemont, 2019) can derive
more accurately Kgq values, and retrieved lowest errors of SPM.



129

Further studies about profile measurements of absorption and backscattering can be
conducted to better understand the dynamic inside the aquatic systems. Additional challenge
might be faced regarding to backscattering coefficient, that was not measured just-below the
surface. The first measurement was conducted at least in 0.50 depth and some of
measurements were affected by the boat instability. Hydrolight simulations can be an
alternative to provide reliable optical information in the case of in situ measurement
limitations.

Once the QAATrcs Was validated using OLI/Landsa-8 images, it is possible to apply
the model to a pre-processed time-series and identify the occurrence of SPM standards along
the TRCS. In this case, it will be also possible to identify possible causes or drivers related
to high levels of SPM (rainfall, temperature, flow rates, retention time, and so on).



130

REFERENCES

Alcéantara, E.H., Curtarelli, M., Stech, J. 2016a. Estimating total suspended mater using the
particle backscattering coefficient: results from Itumbiara hydroelectric reservoir (Goiés State,
Brazil). Remote Sens. Let., v.7, n.4, p. 397-406.
https://doi.org/10.1080/2150704X.2015.1137646

Alcéantara, E., Watanabe, F., Bernardo, N., Rodrigues, T.; 2016b. The variability of particle
backscattering coefficient in an oligo-to-hypertrophic cascading reservoir system: implications
to TSM bio-optical model development. Model. Earth Syst. Environ 2(84), p.1-7.
https://doi.org/10.1007/s40808-016-0146-2

Alcéantara, E.;Watanabe, F.; Rodrigues, T.; Bernardo, N.; Rotta, L.; Carmo, A.; Curtarelli, M.;
Imai, N. 2016. Field measurements of the backscattering coefficient in a cascading reservoir
system: First results from Nova Avanhandava and Barra Bonita Reservoirs (S&o Paulo, Brazil).
Remote Sens. Lett. 7, 417-426. http://dx.doi.org/10.1080/2150704X.2016.1145361

Alcéntara, E.; Bernardo, N.;Watanabe, F.; Rodrigues, T.; Rotta, L.; Carmo, A.; Shimabukuro,
M.; Gongalves, S.; Imai, N. 2016c¢. Estimating the CDOM absorption coefficient in tropical
inland waters using OLI/Landsat-8 images. Remote Sens. Lett. 7, 661-670.
https://doi.org/10.1080/2150704X.2016.1177242

Alcéntara, E.; Bernardo, N.; Rodrigues, T.; Watanabe, F. 2017. Modeling the spatio-temporal
dissolved organic carbon concentration in Barra Bonita reservoir using OLI/Landsat-8 images.
Model. Earth Syst. Environ. 2017, 3(11), 1-11. https://doi.org/10.1007/s40808-017-0275-2

APHA (American Public Health Association), AWWA (American Water Works Association),
WEF (Water Environmental Federation). Standard methods for the examination of water and
wastewater. 20th Edition. Washington, DC, USA: APHA, AWWA, WEF, 1998.

Babin, M.; Stramski, D.; Ferrari, G.M.; Claustre, H.; Bricaud, A.; Obolensky, G.; Hoepffner, N.
2003. Variations in the light absorption coefficients of phytoplankton, nonalgal particles, and
dissolved organic matter in coastal waters around Europe. JGR: Oceans 108.(C7), 3211.
https://doi.org/10.1029/2001JC000882

Barbosa, F.A.R.; Padisak, J.; Espindola, E.L.G.; Borics, G.; Rocha, O. 1999. The cascading
reservoir continuum concept (CRCC) and its application to the river Tieté-basin, Sdo Paulo
State, Brazil. Theor. Reserv. Ecol. Appl. 1, 425-437.

Barrella, W.; Petrere, M., Jr. 2003. Fish community alterations due to pollution and damming in
Tieté and Paranapanema rivers (Brazil). River Res. Appl. 19, 59-76.
https://doi.org/10.1002/rra.697

Barsi, J.; Lee, K.; Kvaran, G.; Markham, B.; Pedelty, J. 2014. The spectral response of the
Landsat-8 operational land imager. Remote Sens. 6, 10232-10251.
https://doi.org/10.3390/rs61010232



131

Bernardo, N., Alcéantara, E., Rodrigues, T.,Watanabe, F., Carmo, A., Gomes, A.C.C., Andrade,
C.2018. Light Absorption Budget in a Reservoir Cascade System with Widely Differing
Optical Properties. Water 11(2), 229-252. http://dx.doi.org/10.3390/w11020229.

Bernardo, N.; Watanabe, F.; Pequeno, T.; Alcantara, E. 2017. Atmospheric correction issues for
retrieving total suspended matter concentrations in inland waters using OLI/Landsat-8 image.
Adv. Space Res. 59,2335-2348. http://dx.doi.org/10.1016/j.asr.2017.02.017.

Bernardo, N.; Alcantara, E. 2017. Comparing proximal remote sensing and orbital images to
estimate the total suspended matter in inland water. Model. Earth Syst. Environ. 3, 1-8.
https://doi.org/10.1007/s40808-017-0285-0

Bernardo, N.;Watanabe, F.; Rodrigues, T.; Alcantara, E. Evaluation of the suitability of
MODIS, OLCI and OLI for mapping the distribution of total suspended matter in the Barra
Bonita Reservoir (Tieté River, Brazil). Remote Sens. Appl. Soc. Environ. 2016, 4, 68-82.
https://doi.org/10.1016/j.rsase.2016.06.002

Bernardo, N., Alcantara E., Watanabe, F., Rodrigues, T., Carmo, A., Gomes, A., Andrade, C.
2018. Glint Removal Assessment to Estimate the Remote Sensing Reflectance in Inland Waters
with Widely Differing Optical Properties. Remote Sen. 10, 1655 - 1677.
https://doi.org/10.3390/rs10101655.

Bilotta G. S; Brazier R.E. 2008. Understanding the influence of suspended solids on water
quality and aquatic biota. Water Resource, v. 42, p. 2849-2861.
https://doi.org/10.1016/j.watres.2008.03.018

Brezonik, P.L.; Olmanson, L.G.; Finlay, J.C.; Bauer, M.E. 2015. Factor affecting the
measurement of CDOM by remote sensing of optically complex inland waters. Remote
Sens. Environ. 157, 199-215. https://doi.org/10.1016/j.rse.2014.04.033

Bricaud, A.; Morel, A.; Louis, P. 1981. Absorption by dissolved organic matter of the sea
(yellow substance) in the UV and visible domains. Limnol. Oceanogr. 26, 43-53.
https://doi.org/10.4319/10.1981.26.1.0043

Bricaud, A.; Babin, M.; Morel, A.; Claustre, H. 1995. Variability in the chlorophyll-
specific absorption coefficients of natural phytoplankton: Analysis and parameterization.
JGR: Oceans 100, 13321-13332. https://doi.org/10.1029/95JC00463

Bricaud, A.; Morel, A.; Babin, M.; Allali, K.; Claustre, H. 1998. Variations of light
absorption by suspended particles with chlorophyll a concentration in oceanic (case 1)
waters: Analysis and implications for bio-optical models. JGR: Oceans 103, 31033
31044. https://doi.org/10.1029/95JC00463

Bukata, R.P.; Jerome, J.H.; Kondratyev, A.S.; Pozdnyakov, D.V. Optical Properties and
Remote Sensing of Inland and Coastal Waters; CRC Press: Boca Raton, FL, USA, 1995.



132

Bukata, R. P. 2013. “Retrospection and Introspection on Remote Sensing of Inland Water
Quality: Like Déja Vu All over Again.” Journal of Great Lakes Research 39 (Suppl.): 2—
5. https://doi.org/10.1016/j.jglr.2013.04.001.

Cairo, C.T.; Barbosa, C.C.F.; Novo, E.M.L.M.; Calijuri, M.C. 2017. Spatial and seasonal
variation in diffuse attenuation coefficients of downward irradiance at Ibitinga Reservoir,
Sdo Paulo, Brazil. Hydrobiologia 784, 265-282. https://doi.org/10.1007/s10750-016-2883-
7

Campbell, G.; Phinn, S.R.; Daniel, P. 2011. The specific inherent optical properties of three
subtropical and tropical water reservoirs in Queensland, Australia. Hydrobiologia 658,
233-252. https://doi.org/10.1007/s10750-010-0476-4

Carder, K.L.; Steward, R.G.; Harvey, G.R.; Ortner, P.B. 1989. Marine humic and fulvic
acids: Their effects on remote sensing of ocean chlorophyll. Limnol. Oceanogr. 34, 68-81.
https://doi.org/10.4319/10.1989.34.1.0068

Carlson, R.E. Estimating Trophic State, Lake Line 2007, 25-28 (Spring).

Carvalho, L.A.S., Barbosa, C.C.F., Novo, E.M.L.M., Rudorff, C.M. 2015, Implications of
scatter corrections for absorption measurements on optical closure of Amazon floodplain
lakes using the Spectral Absorption and Attenuation Meter (AC-S Wetlab). Remote Sens.
Environ. 157, 123-137. https://doi.org/10.1016/j.rse.2014.06.018.

Cetinic, 1. 2018. Phytoplankton: Optical Constituents of the Ocean. Available online:
http://www.oceanopticsbook.info/view/optical _constituents_of the_ocean/_phytoplankton
#searchResultl (accessed on 5 September 2018).

Chen, Z.M., Curran, P.J., and Hanson, J.D. 1992. Derivative reflectance spectroscopy to
estimate suspended sediment concentration. Remote Sens. Environ. 40, 67-77.
http://dx.doi.org/10.1016/0034- 4257(92)90127-6

Cole, J.J.; Prairie, Y.T.; Caraco, N.F.; McDowell, W.H.; Tranvik, L.J.; Striegl, R.G.;
Duarte, C.M.; Kortelainen, P.; Downing, J.A.; Middelburg, J.J.; Melack, J. 2007. Plumbing
the Global Carbon Cycle: Integrating inland waters into the terrestrial carbon budget.
Ecosystems, 10, 175-185. https://doi.org/10.1007/s10021-006-9013-8

Das, S.; Hazra, S.; Giri, S.; Das, I.; Chanda, A.; Akhand, A.; Maity, S. 2017. Light
absorption characteristics of chromophoric dissolved organic matter (CDOM) in the coastal
waters of northern Bay of Bengal during winter season. Indian J. Geo Mar. Sci.46, 884—
992.

Dellamano-oliveira, M.J.; Vieira, A.A.H.; Rocha, O.; Colombo, V.; Sant’Anna, C.L. 2008.
Phytoplankton taxonomic composition and temporal changes in a tropical reservoir. Fund
Appl. Limnol. 171, 27-38. https://doi.org/10.1127/1863-9135/2008/0171-0027



133

Dev, P.J.; Shanmugam, P. 2014. A new theory and its application to remove the effect of
surface-reflected light in above-surface radiance data from clear and turbid waters. J.
Quant. Spectrosc. Radiat. Transf. 142, 75-92. https://doi.org/10.1016/j.jgsrt.2014.03.021

Devlin, M.J., Barry, J., Mills, D.K., Gowen, R.J., Foden, J., Sivyer, D., Tett, P. 2008.
Relationships between suspended particulate material, light attenuation and Secchi depth
ini UK marine waters. Est. Coast. Shelf Sci. 79(3), 429-239.
https://doi.org/10.1016/j.ecss.2008.04.024.

Devlin, M.J., Barry, J., Mills, D.K., Gowen, R.J., Foden, J., Sivyer, D., Greenwood, N.,
Pearce, D., Tett, P. 2009. Estimating the diffuse attenuation coefficient from optically
active components in UK marine waters. Est. Coast Shelf. Sic. 82(1), 73-83. https://
doi:10.1016/j.ecss.2008.12.015

Doxaran, D.; Froidefone, J.; Castaing, P. 2002. A reflectance band ratio used to estimate
suspended matter concentrations in sediment-dominated coastal waters. Int. J. Remote
Sens. 23, 5079-5085. https://doi.org/10.1080/0143116021000009912

Doxaran, D., Froidefond, J.M., Lavender, S., and Castaing, P. 2002b. Spectral signature of
highly turbid waters Application with SPOT data to quantify suspended particulate matter
concentrations. Remote Sens. Environ. 81, 149-161. http://dx.doi.org/10.1016/S0034 -
4257(01)00341-8

Doxaran D, Froidefond J.M., Castaing P. 2003. Remote-sensing refectance of turbid
sediment dominated waters. Reduction of sediment type variations and changing
illumination conditions efects by use of refectance ratios. Appl Opt 42:2623-2634.
https://doi.org/10.1364/A0.42.002623

Edward, T. K., Glysson, G.D., Guy, H.P., Norman, V.W. 2019. Field Methods for
Measurement of Fluvial Sediment. Available online:
https://pubs.er.usgs.gov/publication/ofr86531 (accessed on 29 September 2018).

Estapa, M.L.; Boss, E.; Mayer, L.M.; Roesler, C.S. 2012. Role of iron and organic carbon
in mass-specific light absorption by particulate matter from Louisiana coastal waters.
Limnol. Oceanogr, 57, 97-112. https://doi.org/10.4319/10.2012.57.1.0097

Ferreira, A.; Ciotti, A.M.; Giannini, M.F.C. Variability in the light absorption coefficients
of phytoplankton, non-algae particles, and colored dissolved organic matter in a subtropical
bay (Brazil). Estuar. Coast. Shelf Sci. 2014, 139, 127-136.
https://doi.org/10.1016/j.ecss.2014.01.002

Frascareli, D.; Cardoso-Silva, S.; Mizael, J.D.; Rosa, A.H.; Pompeo, M.L.M.; Doval,
J.C.L.; Moschini, C.V. 2018. Spatial distribution, bioavailability, and toxicity of metals in
surface sediments of tropical reservoirs, Brazil. Environ. Monit. Assess 190, 199.
https://doi.org/ 10.1007/s10661-018-6515-8.



134

Fougnie, B.; Frouin, R.; Lecomte, P.; Deschamps, P.-Y. 1999. Reduction of skylight
reflection effects in the above water measurement of diffuse marine reflectance. Appl. Opt.
38, 3844-3856. https://doi.org/10.1364/A0.38.003844

Garaba, S.P.; VoB, D.; Wollschlager, J.; Zielinski, O. 2015. Modern approaches to
shipborne ocean color remote sensing. Appl. Opt. 54, 3602-3613.
https://doi.org/10.1364/A0.54.003602

Garaba, S.P.; Zielinski, O. 2013. Comparison of remote sensing reflectance from above-
water and in-water measurements west of Greenland, Labrador Sea, Denmark Strait and
west of Iceland. Appl. Opt. 21, 15938-15950. . https://doi.org/10.1364/0OE.21.015938.

Garaba, S.P.; Zielinski, O. Methods in reducing surface reflected glint for shipborne above-
water remote sensing. J. Eur. Opt. Soc. Rapid Publ. 2013, 8.
https://doi.org/10.2971/je0s.2013.13058.

Gernez, P., Barillé, L., Lerouxel, A., Mazeran, C., Lucas, A., Doxaran, D. 2014. Remote
sensing of suspended particulate matter in turbid oyster-farming ecosystem. JGR Oceans
119, 7277-7294. https://doi.org/10.1002/2014JC010055.

Gilerson, A.; Carrizo, C.; Foster, R.; Harmel, T. Variability of the reflectance coefficient of
skylight from the ocean surface and its implications to ocean color. Opt. Exp. 2018, 26,
9615-9633.

Golterman, H.L. Developments in water science 2. Physiological limnology: an approach to
the physiology of lake ecosystems. Amsterdam, Netherlands: Elsevier, 1975.

Gomes, A. C. C.; Bernardo, N. M. R.; Alcantara, E. 2017. Accessing vegetation health
in a drought and land use and land cover changing scenario. Natural Hazards. 89,1401-
1420.

Giardino, C., Brando, V.E., Gege, P., Pinnel, N., Hochberg, E., Knaeps, E., Reusen, 1.,
Doerffer, R., Bresciani, M., Braga, F., Foerster, S., Champollion, N., Dekker, A. 2018.
Imaging spectrometry of inland and coastal waters: state of the art, achievements and
perspectives. Surveys in Geophysics 1-29. doi: 10.1007/s10712-018-9476-0.

Giardino C, Bresciani M, Braga F, Cazzaniga I, De Keukelaere L, Knaeps E, Brando VE
2017. Biooptical modeling of total suspended solids. In: Mishra DR, Ogashawara | (eds)
Bio-optical modeling and remote sensing of inland waters. Elsevier, Amsterdam,129-156.

Gokul, E.A.; Palanisamy, S.; Sundarabalan, B.; Sahay, A.; Chauhan, P. 2014.¢c Modelling
the inherent optical properties and estimating the constituents’ concentrations in turbid and
eutrophic waters. Cont. Shelf Res. 84, 120-138.

https://doi.org/10.1016/j.csr.2014.05.013



135

Golterman, H.L. Developments in Water Science 2. Physiological Limnology: An
Approach to the Physiology of Lake Ecosystems; Elsevier: Amsterdam, The Netherlands,
1975.

Gordon, H.R.; Brown, O.B.; Jacobs, M.M. 1975. Computed relationships between the
inherent and apparent optical properties of a flat, homogenous ocean. Appl. Opt. 14, 417—
427. https://doi.org/10.1364/A0.14.000417

Gordon, H. R., Brown, O. B., Evans, R. H., Brown, J. W., Smith, R. C., Baker, K. S., Clark,
D. K. 1988. A semianalytic radiance model of ocean color. J. Geophys. Res. 93, 10909
10924. https://doi.org/10.1364/0148-0227/88/008 D-0129505.00

Han, L.H., Rundquist, D.C., Liu, L.L., Fraser, R.N., and Schalles, J.F. 1994. The spectral
responses of algal chlorophyll in water with varying levels of suspended sediment. Int. J.
Remote Sens., 15, 3707-3718. http://dx.doi.org/10.1080/01431169408954353.

Han, B., Loisel, H., Vantrepotte, V., Mériaxu, X., Bryere, P., Ouillon, S., Dessaily, D.,
Xing, Q., Zhu, J. 2016. Development of a Semi-Analytical Algorithm for the Retrieval of
Suspended Particulate Matter from Remote Sensing over Clear to Very Turbid Waters.
Remote Sens. 8, 211. http://dx.doi.org/10.3390/rs8030211.

Hansen, C.H. Google Earth Engine as a Platform for Making Remote Sensing of Water
Resources a Reality for Monitoring Inland Waters. Available online:
https://www.researchgate.net/profile/Carly _Hansen/

publication/277021226_Google Earth_Engine_as_a_Platform_for_Making_Remote_Sensi
ng_of Water
Resources_a_Reality_for_Monitoring_Inland_Waters/links/555f8c2a08ae9963a118b3e2.pd
f (accessed on 18 March 2019).

Harvey, E T., Walve, J., Andersson, A., Karlson, B., Kratzer, S. 2018. The Effect of Optical
Properties on Secchi Depth and Implications for Eutrophication Management. Front. Mar.
Sci. 5, 1-19. https://doi.org/10.3389/fmars.2018.00496.

Helms, J.R.; Stubbins, A.; Ritchie, J.D.; Minor, E.C.; Kieber, D.J.; Mopper, K. 2008.
Absorption spectral slopes and slope ratios as indicators of molecular weight, source, and
photobleaching of chromophoric dissolved organic matter. Limnol. Oceanogr, 53, 955—
969. https://doi.org/10.4319/10.2008.53.3.0955.

HOBILabs - HYDRO-OPTICS, BIOLOGY e INSTRUMENTATION LABORATORIES.
HydroScat-6P - Spectral backscattering sensor and fluorometer: user’s manual (revision j).
67 p., 2010. Available at: <
http://www.hobilabs.com/cmsitems/attachments/3/HS6ManualRevJ-2010-8a.pdf>. Access
in: Janeiro 2018.

Hooker, S.B.; Lazin, G.; Zibordi, G.; McLean, S. 2002. An evaluation of above- and in-
water methods for determining water leaving radiances. J. Atmos. Ocean. Technol. 19,



136

486-515. https://doi.org/10.4319/10.2008.53.3.0955. https://doi.org/10.1175/1520-
0426(2002)019<0486:AEOAAI>2.0.CO;2

Hajerslev, N.K. 2001. Analytic remote-sensing optical algorithms requiring simple and
practical field parameter inputs. Appl. Opt. 40, 4870-4874.
https://doi.org/10.1364/A0.40.004870.

Imai, N.N., Shimabukuro, M.H., Carmo, A.F.C., Alcéantara, E.H., Rodrigues, T.W.P.,
Watanabe, F. 2015 .Bio-optical data integration based on a 4D database system approach.
In: The International Archives of Photogrammetry, Remote Sensing and Spatial
Information Sciences, Volume XL-7/W3, 2015. 36th International Symposium on Remote
Sensing of Environment, 11-15 May 2015, Berlin, Germany.

IOCCG. Remote sensing of inherent optical properties: Fundamentals, tests of algortihms
and applications. Reports of the international ocean-colour coordinating group. Dartmouth,
Canada:10CCG, 2006.

IOCCG. Atmospheric Correction for Remotely-Sensed Ocean-Colour Products, Reports of
the International Ocean-Colour Coordinating Group; Report Number 10; IOCCG: Busan,
Korea, 2010.

Joshi,D. I. and D’sa, E. 2018. An estuarine-tuned quasi-analytical algorithm (QAA-V):
assessment and application to satellite estimates of SPM in Galveston Bay following
Hurricane Harvey. Biogeosciences 15, 4065-4086. https://doi.org/10.5194/bg-15-4065-
2018.

Kay, S.; Hedley, J.D.; Lavender, S. 2009Sun glint correction of high and low spatial
resolution images of aquatic scenes: A review of methods for visible and near-infrared
wavelengths. Remote Sens. 1, 697—730. https://doi.org/10.3390/rs1040697

Khan, M.F., Maulud, K.N.A., Latif, M.T., Chung, J.X., Amil, N., Alias, A., Nadzir,
M.S.M., Sahani, M., Mohammad, M., Jahaya, M.F., Hassan, H. 2018. Physicochemical
factors and their potential sources inferred from longterm rainfall measurements at an urban
and a remote rural site in tropical areas. Sci Total Environ 613:1401-1416.
https://doi.org/10.1016/j.scitotenv.2017.08.025

Kirk, J. Light and Photosysnthesis in Aquactic Ecosystems, 2nd ed.; Cambridge University
Press: Cambridge, UK, 1994,

Kirk, J.T.O. 2011. Light and photosynthesis in aquatic ecosystems, 3rd ed. Cambridge
University Press, New York.

Kong, J., Shan, Z., Chen, Y., Yang, J., Hu, Y., & Wang, L. 2018. Assessment of remote-
sensing retrieval models for suspended sediment concentration in the Gulf of Bohai. Inte. J.
Remote Sensing, 1-19.d0i:10.1080/01431161.2018.148202



137

Kruse, F.A.; Lefkoff, A.B.; Dietz, J.B. 1993. Expert System-Based Mineral Mapping in
Northern Death Valley,California/Nevada, Using the Airbone Visible/Infrared Imaging
Spectrometer (AVIRIS). Remote Sens. Environ. 44, 309-336.
https://doi.org/10.1016/0034-4257(93)90024-R

Kuhn, C., de Matos Valerio, A., Ward, N., Loken, L., Sawakuchi, H. O., Kampel, M.,
Butman, D. 2019. Performance of Landsat-8 and Sentinel-2 surface reflectance products for
river remote sensing retrievals of chlorophyll-a and turbidity. Remote Sens.Environ., 224,
104-118. doi:10.1016/j.rse.2019.01.023.

Kutser, T.; Pierson, D.C.; Kallio, K.Y.; Reinart, A.; Sobek, S. 2005. Mapping lake CDOM
by satellite remote sensing. Remote Sens. Environ. 94, 535-540.
https://doi.org/10.1016/j.rse.2004.11.009

Kutser, T.; Vahtmae, E.; Paavel, B.; Kauer, T. 2013. Removing glint effects from field
radiometry data measured in optically complex coastal and inland waters. Remote Sens.
Environ. 133, 85-89. https://doi.org/10.1016/j.rse.2013.02.011

Kutser, T.; Paavel, B.; Verpoorter, C.; Ligi, M.; Soomets, T.; Toming, K.; Casal, G. 2016.
Remote sensing of Black Lakes and using 810 nm reflectances peak for retrieving water
quality parameters of optically complex waters. Remote Sens., 8, 497.
https://doi.org/10.3390/rs8060497

Kutser, T.; Vahtmae, E.; Praks, J. 2009. A sun glint correction method for hyperspectral
imagery containing areas with non-negligible water leaving NIR signal. Remote Sens.
Environ. 113, 2267-2274. https://doi.org/10.1016/j.rse.2009.06.016

Lambert, T.; Teodoru, C.R.; Nyoni, F.C.; Bouillon, S.; Darchambeau, F.; Massicotte, P.;
Borges, A.V. 2016. Along-stream transport and transformation of dissolved organic matter
in a large tropical river. Biogeosciences 13(9) 2727-2741. https://doi.org/10.5194/bg-13-
2727-2016

Le, C.F., Li, Y.M,, Zha, Y., Sun, D., Yin, B. 2009. Validation of quasi-analytical algorithm
for highly turbid eutrophic water of Meiliang Bay in Taihu Lake, China. IEE Trans.
Geosc. Remote Sens. 47(8), 2492-2500. https://doi.org/10.1109/TGRS.2009.2015658

Lee Z-P., Carder K.L., Arnone R.A., 2002 Deriving inherent optical properties from water
color: a multiband quasi-analytical algorithm for optically deep waters. Appl Opt 41:5755—
5772. https://doi.org/10.1364/A0.41.005755

Lee, Z.;Weidemann, A.; Kindle, J.; Arnone, R.; Carder, K.L.; Davis, C. 2007. Euphotic
zone depth: Its derivation and implication to ocean-color remote sensing. JGR: Oceanas
112, C03009. https://doi.org/10.1029/2006JC003802.

Lee, Z.; Lubac, B.; Werdell, J.; Arnone, R. An Update of the Quasi-Analytical Algorithm
(QAA_V5) [WwWwW



138

Document]. 2009. Available online:
http://www.ioccg.org/groups/Software_ OCA/QAA _v5.pdf (accessed
on 12 August 2018).

Lee, Z.; Ahn, Y.; Mobley, C.; Arnone, R. 2010. Removal of surface-reflected light for the
measurements of remote-sensing reflectance from an above-surface platform. Opt. Exp.
18, 26313-26324. https://doi.org/10.1364/0OE.18.026313

Lee, Z.; Pahvelan, N.; Ahn, Y.; Greb, S.; O’Donnell, D. 2013. Robust approach to directly
measuring water-leaving radiance in the field. Appl. Opt. 52, 1693-1701.
https://doi.org/10.1364/A0.52.001693

Lee, Z., Hu, C., Shang, S., Du, K., Lewis, M., Arnone, R., Brewin, R.. 2013b. Penetration
of UVvisible solar radiation in the global oceans: insights from ocean color remote sensing.
JGR: Oceans 118:4241-4255. http://dx.doi.org/10.1002/jgrc.20308.

Lee, Z., Shang, S., Qi, L., Lin, G. 2016. A semi-analytical scheme to estimate Secchi-disk
depth from Landsat-8 measurements. Remote Sens. Environ. 177, 101-106.
https://doi.org/10.1016/j.rse.2016.02.033.

Lee Z., Shang, S., Stavn, R. 2018. AOPs are not additive: on the biogeo-optical modeling
of the difuse attenuation coefficient. Frontiers in Marine Science, 5(8),
https://doi.org/10.3389/fmars.2018.00008.

Lehmann, M.K.; Nguyen, U.; Allan, M.; van der Woerd, H. 2018. Colour classification of
1486 lakes across a wide range of optical water types. Remote Sen. 10, 1273.
https://doi.org/10.3390/rs10081273

Leymarie, E., Doxaran,D., Babin, M. 2010. Uncertainties associated to measurements of
inherent optical properties in natural waters. Appl, Opt., 49(28), 5415-5436.
https://doi.org/10.1364/A0.49.005415

Li, L., Li, L., Song, K. 2014. Remote sensing of freshwater cyanobacteria: an extended IOP
inversion model of inland waters (IIMIW) for partitioning absorption coefficient and
estimating phycocyanin. Remote Sens. Environ., v. 157, p. 9 — 23.
https://doi.org/10.1016/j.rse.2014.06.009

Li, L.; Li, L.; Song, K.; Li., Y.; Tedesco, L.P.; Shi, K.; Li, Z. 2013. An inversion model for
deriving optical properties validation and application. Remote Sens. Environ 135, 150
166. https://doi.org/10.1016/j.rse.2013.03.031

Liu, J., Liu, J., He, X,, Pan, D., Zhu, F., Chen, T., Wang, Y. 2018. Diurnal dynamics and
seasonal variations of total suspended particulate matter in highly turbid Hangzhou Bay
waters based on Geostationaty Ocean Color Imager. IEEE J. Sel. Top. Appl. Earth
Observ. Remote Sens., 11(7), 2170-2180. https://doi.org/10.1109/JSTARS.2018.2830335



139

Lobo F.L., Costa M.P., Novo E.M. 2015. Time-series analysis of Landsat-MSS/TM/OLI
images over Amazonian waters impacted by gold mining activities. Remote Sens.
Environ. 157:170-184. https://doi.org/10.1016/j.rse.2014.04.030

Lobo, F. L., Costa, M. P. F., Phillips, S., Young, E., & McCregor, C. 2014. Light
backscattering in turbid freshwater: A laboratory investigation. J. App. Rem. Sens. 8(1),
083611 — 083625. http://dx.doi.org/10.1117/1.JRS.8.083611.

Londe, L.R., Novo, E. M. L. M., Barbosa, C., Araujo, C. A. S. 2016. Water residence time
affecting phytoplankton blooms: study case in Ibitinga Reservoir (S&o Paulo, Brazil) using
Landsat/TM images. Braz. J Biol. 76(3), 664-672, http://dx.doi.org/10.1590/1519-
6984.23814.

Lobo, F. L., Costa, M., Phillis, S., Young, E., McGregor, C. 2014. Light backscattering in
turbid freshwater: a laboratory investigation. J. Appl. Remote Sens. 8(1), 083611-1 -
083611-14. https://doi.org/10.1117/1.JRS.8.083611.

Luo, Y., Doxaran, D., Ruddick, K., Shen, F., Gentili, B., Yan, L., Huang, H. 2018.
Saturation of water reflectance in extremely turbid media based on field measurements,
satellite data and bio-optical modelling. Opt. Exp. 26(8), 10435-10451.
https://doi.org/10.1364/0OE.26.010435.

Lymburner, L., Botha, E., Hestir, E., Anstee, J., Sagar, S., Dekker, A., Malthus, T. 2016.
Landsat 8: providing continuity and increased precision for measuring multi-decadal time
series of total suspended matter. Remote Sens. Environ. 185, 108-118.
https://doi.org/10.1016/j.rse.2016.04.011.

Maritorena, S.; Siegel, D. A.; Peterson, A. R. Optimization of a semianalytical ocean color
model for global-scale applications. Appl. Opt. 41(15), 2705-14, 2002,
https://doi.org/10.1364/A0.41.002705

Martins, S.; Chokmani, K.; Alcéantara, E.; Ogashawara, I.; EI-Alem, A. 2018. Mapping the
coloured dissolved organic matter absorption coefficient in a eutrophic reservoir using
remotely sensed images. Inland Waters 8, 488-504.
https://doi.org/10.1080/20442041.2018.1482153

Ma, J., Song., K., Wen, Z., Zhao, Y., Shang, Y., Fang, C., Du, J. 2016. Spatial distribution
of diffuse attenuation of photosynthetic active radiation and its main regulating factors in
inland waters of Northeast China. Remote Sens. 8, 964-981.
http://dx.doi.org/10.3390/rs8110964.

Martinez, J-M., Espinoza-Villar, R., Armijos, E., Moreira, L.S. 2015. The optical properties
of river and floodplain waters in the Amazon River Basin: Implications for satellite-based
measurements of suspended particulate matter. JGR: Earth Surface 120, 1274-1287.
http://dx.doi.org/10.1002/2014JF003404.



140

Massicote, P.; Asmala, E.; Stedmon, C.; Markager, S. 2017. Global distribution of
dissolved organic matter alongthe aquatic continuum: Across rivers, lakes and oceans. Sci.
Total Environ. 609, 180-191. http://dx.doi.org/10.1016/j.scitotenv.2017.07.076

Matthews, M. W. 2011. A current review of empirical procedures of remote sensing in
inland and near-coastal transitional waters. Int. J. Remote Sens., v. 32(21),6855-6899.
https://doi.org/10.1080/01431161.2010.512947

Matthews, M.W.; Bernard, S. 2013. Characterizing the absorption properties for remote
sensing of three small optically-diverse South African reservoirs. Remote Sens. 5, 4370—
4404. http://dx.doi.org/10.3390/rs5094370

Matsuoka, A.; Hooker, S.B.; Bricaud, A.; Babin, M. 2013. Estimating absorption
coefficients of colored dissolved organic matter (CDOM) using a semi-analytical algorithm
for southern Beaufort Sea Waters: Application to deriving concentrations of dissolved
organic carbon from space. Biogeosciences 10, 917-927. DOI: 10.5194/bg-10-917-2013

Meler, J.; Ostrowska, M.; Ston-Egiert, J.; Zablocka, M. 2017. Seasonal and spatial
variability of light absorption by suspended particles in the southern Baltic: A mathematical
description. J. Mar. Syst. 170, 68-87. https://doi.org/10.1016/j.jmarsys.2016.10.011

Mishra, S., Mishra, D.R., Lee, Z-P. 2014. Bio-optical inversion in highly turbid and
cyanobacteria-dominated waters. IEEE Trans. Geosc. Remote Sens. 52(1), 375 — 388.
10.1109/TGRS.2013.2240462

Mobley, C.D. Light and Water: Radiative Transfer in Natural Water; Academic Press: San
Diego, CA, USA, 1994.

Mobley, C. D. 1999. Estimation of the remote-sensing reflectance from above-surface
measurements. Appl. Opt., v. 38, n. 36, p. 7442-7455.
https://doi.org/10.1364/A0.38.007442

Mobley, C. 2001. “Radiative Transfer in the Ocean.” In Encyclopedia of Ocean Sciences,
edited by J. H. Steele, 2321-2330. London: Academic Press Elsevier.

Mobley, C.D.; Sundman, L.K. HydroLight 5.2—EcoLight 5.2 Users’ Guide; Sequoia
Scientific, Inc.: Bellevue, WA,USA, 2013.

Mobley, C. 2015. Polarized reflectance and transmittance properties of windblown sea
surfaces. Appl. Opt. 54, 4828-4849. https://doi.org/10.1364/A0.54.004828

Moore, T.; Dowell, M.D.; Bradt, S.; Verdu, A.R. 2014. An optical water type framework
for selecting and blending retrievals from bio-optical algorithms in lake and coastal waters.
Remote Sens. Environ. 143, 97-111. https://doi.org/10.1016/j.rse.2013.11.021

Morel, A.; Prieur, L. 1977. Analysis of variations in ocean color. Limnol, Oceanog 22(4),
709-722. https://doi.org/10.4319/10.1977.22.4.0709



141

Morel, A. 2001. “Bio-Optical Models.” In Encyclopedia of Ocean Sciences, edited by J. H.
Steele,317-326. London: Academic Press Elsevier.

Morel A, Maritorena S. 2001 Bio-optical properties of oceanic waters: a reappraisal. J
Geophys Res 106:7163-7180. https://doi.org/10.1029/2000JC000319

Muow, C.B.; Greb, S.; Aurin, D.; DiGiacomo, P.M.; Lee, Z.; Twardowski, M.T.; Binding,
C.; Hu, C.; Ma, R.; Moore, T.; et al. 2013. Aquatic color radiometry remote sensing of
coastal and inland waters: Challenges and recommendations for future satellite missions.
Remote Sens. Environ. 2013, 160, 15-30. https://doi.org/10.1016/j.rse.2015.02.001

Mueller, J.L.2000. In-water radiometric profile measurements and data analysis protocols.
In Ocean Optics Protocols for Satellite Ocean Color Sensor Validation; Fargion, G.S.,
Mueller, J.L., Eds.; NASA Tech. Memo, Goddard Space Flight Center: Greenbelt, MD,
USA, 2000; pp. 87-97.

Nechad, B., Ruddick, K.G., and Park, Y. 2010. Calibration and validation of a generic
multisensory algorithm for mapping of total suspended matter in turbid waters. Remote
Sens. Environ., 114, 854-866. http://dx.doi.org/10.1016/j.rse.2009.11.022

Novoa, S., Doxaran, D., Ody, A., Vanhellemont, Q., Lafon, V., Lubac, B., Gernez, P. 2017.
Atmospheric corrections and multi-conditional algorithm for multi-sensor remote sensing
of suspended particulate matter in low-to-high turbidity levels coastal waters. Remote
Sens. 9, 61 — 92. http://dx.doi.org/10.3390/rs9010061.

Odermatt, D.; Gitelson, A.; Brando, V.E.; Schaepman, M. 2012. Review of constituent
retrieval in optically deep and complex waters from satellite imagery. Remote Sens.
Environ., 118, 116-126. https://doi.org/10.1016/j.rse.2011.11.013

Ogashawara, 1., Mishra, D.R., Nascimento, R.F.F., Alcantara, E., Kampel, M., Stech, J.L.
2016. Re-parametrization of quasi-analytical algorithm for colored dissolved organic matter
dominant inland waters. International Journal of Applied Earth and Observation and
Geoinformation 53, 128-145. https://doi.org/10.1016/j.jag.2016.09.001

Palmer, S., Kutser, T., Hunter, P.D. 2015. Remote sensing of inland waters: Challenges,
progress and future directions. Remote Sens. Environ. 175, 1-8.
https://doi.org/10.1016/j.rse.2014.09.021

Pahlevan, N., Chittimalli, S.K., Balasubramanian, S.V., Vellucci, V. 2019. Sentinel-
2/Landsat-8 product consistency and implications for monitoring aquatic systems. Remote
Sens. Environ. 220, 19-29. https://doi.org/10.1016/j.rse.2018.10.027.

Pahlevan, N., Balasubramanian, S., Sarkar, S., Franz, B.A. 2018. Toward Long-Term
Aquatic Science Products from Heritage Landsat Mission. Remote Sens. 10, 1337-1360.
https://doi.org/ 10.3390/rs10091337.



142

Pahlevan, N.; Lee, Z.; Weli, J.; Schaaf, C.B.; Schott, J.R.; Berk, A. 2014. On-orbit
radiometric characterizations of OLI (Landast-8) for applications in aquatic remote sensing.
Remote Sens. Environ. 154, 272-284. https://doi.org/10.1016/j.rse.2014.08.001

Pahlevan, N.; Schott, J.R. Leveraging EO-1 to evaluate capability of new generation of
Landsat sensors for coastal/inland water studies. IEEE J. Sel. Top. Appl. Earth Observ.
Remote Sens. 2013, 6, 360-374. https://doi.org/10.1109/JSTARS.2012.2235174

Pahm, Q.V., Ha, N.T.T., Pahlevan, N., Oanh, L. T., Nguyen, T.B., Nguyen, N.T. 2018.
Using Landsat-8 images for quantifying suspended sediment concentration in Red River
(Northern Vietnam). Remote Sen. 10, 1841 — 1860. https://doi.org/10.3390/rs10111841.

Periotto, N.A.; Tundisi, J.G. 2018. A characterization of ecosystems services, drives and
values of two watersheds in Sdo Paulo State, Brazil. Braz. J. Biol. 78, 397-407.
http://dx.doi.org/10.1590/1519-6984.166333

Perkins, M.G.; Effler, S.W.; Strait, C.M. 2014. Phytoplankton absorption and the
chlorophyll a-specific absorption coefficient in dynamic Onondaga Lake. Inland Waters 4,
133-146. http://dx.doi.org/10.5268/1W-4.2.607

Pope, R. M.; Fry, E. S. 1997. Absorption spectrum (380—700 nm) of pure water. II.
Integrating cavity measurements. Appl. Opt., v. 36, n. 33, p. 8710-8723.

Prado, R.B.; Novo, E.M.L.M. 2015. Modeling pollution potential input from the drainage
basin into Barra Bonita reservoir, Sdo Paulo—Brazil. Braz. J. Biol. 2015, 75, 314-323.
https://doi.org/10.1364/A0.36.008710

Prieur, L.; Sathyendranath, S. 1981. An optical classification of coastal and oceanic waters
based on specific spectral absorption curves of phytoplankton pigments, dissolved organic
matter, and other particulate materials. Limnol. Oceanogr. 1981, 26, 671-689.
https://doi.org/10.4319/10.1981.26.4.0671

Richardson, L.L. 1996. Remote sensing of algal bloom dynamics: A new research fuses
remote sensing of aquatic ecosystems with algal accessory pigment analysis. Bioscience
46(7), 492-501. https://doi.org/10.2307/1312927

Riddick, C.A.L.; Hunter, P.D.; Tyler, A.N.; Vicente, V.M.; Horvath, H.; Kovacs, A.W.;
Voros, L.; Preston, T.; Présing, M. 2015. Spatial Variability of absorption coefficient over a
biogeochemical gradient in a large and optically complex shallow lake. J. Geophys. Res.,
120, 7040-7066.

Ritchie, J.C.; Schiebe, F.R.; Mchenry, J.R.1976. Remote sensing of suspended sediments in
surface waters. Photogramm. Eng. Remote Sens. 42, 1539-1545.
https://doi.org/10.1002/2015JC011202

Rodrigues, T.W.P.; Guimardes, U.S.; Rotta, L.H.; Watanabe, F.S.; Alcantara, E.; Imai,
N.N. 2016. Sampling design in reservoirs based on Landsat-8/OLI images: A case study in



143

Nova Avanhandava reservoir (Sao Paulo State, Brazil). Bol. Ciénc. Geod. 22, 304-323.
http://dx.doi.org/10.1590/S1982-21702016000200017

Rodrigues, T.; Alcantara, E.; Watanabe, F.; Bernardo, N.; Rotta, L.; Imai, N. 2016.Spatial
and temporal variations of the inherent optical properties in a tropical cascading reservoir
system. Model. Earth Syst. Environ. 2016, 2,86. https://doi.org/10.1007/s40808-016-
0144-4

Rodrigues, T, Alcantara, E., Watanabe, F., Imai, N. 2017. Retrieval of Secchi disk depth
from a reservoir using a semi-analytical scheme. Remote Sens. Environ. 198, p. 213-228,
https://doi.org/10.1016/j.rse.2017.06.018

Rodrigues, T., Mishra, D. R., Alcantara, E., Watanabe, F., Rotta, L., Imai, N. 2017b.
Retrieving Total Suspended Matter in Tropical Reservoirs Within a Cascade System With
Widely Differing Optical Properties. IEEE Journal of Selected Topics in Applied Earth
Observations and Remote Sensing, 10(12), 5495-5512.
https://doi.org/10.1109/JSTARS.2017.2745700

Roesler, C. S.; Perry, M. J. 1995. In situ phytoplankton absorption, fluorescence emission,
and particulate backscattering spectra determined from reflectance. JGR:Oceans 100, n.
C7, p. 13279, 1995. https://doi.org/10.1029/95JC00455

Ruddick, K.G.; de Cauwer, V.; Park, Y.; Moore, G. 2006. Seaborne measurements of near
infrared water-leaving reflectance: The similarity spectrum for turbid waters. Limnol.
Oceanogr. 51, 1167-1179. https://doi.org/10.4319/10.2006.51.2.1167

Sathyendranath, S.; Lazzara, L.; Prieur, L. 1987. Variations in the spectral values of
specific absorption of phytoplankton. Limnol. Oceanogr. 32, 403-415.
https://doi.org/10.4319/10.1987.32.2.0403

Shaju, S.S.; Minu, P.; Srokanth, A.S.; Ashraf, P.M.; Vijayan, A.K.; Meenakumari, B. 2017.
Decomposition study of in vivo phytoplankton absorption spectra to identify the pigments
and phytoplankton group in complex case 2 waters of coastal Arabian Sea. Oceanol.
Hydrobiol. Stud. 44(3), 282-293.

Shen, Q.; Li, J.; Zhang, F.; Li, J.; Li, W.; Zhang, B. 2015. Classification of several optically
complex waters in China using in situ remote sensing reflectance. Remote Sens. 7, 429—
440. https://doi.org/10.3390/rs71114731

Shi, L.; Mao, Z.; Wu, J.; Liu, M.; Zhang, Y.; Wang, Z. Variations in spectral absorption
properties of phytoplankton, non-algae particles and Chromophoric Dissolved Organic
Matter in Lake Qiandaohu.. Water 9(5), 352. https://doi.org/10.3390/w9050352

Shi, K., Zhang, Y., Liu, X., Wang, M., Qin, B., 2014. Remote sensing of diffuse attenuation
coefficient of photosynthetically active radiation in Lake Taihu using MERIS data. Remote
Sens. Environ. 140, 365-377. https://doi.org/10.1016/j.rse.2013.09.013



144

Smith, R.C.; Baker, K.S. 1981. Optical properties of the clearest natural waters (200—800
nm). Appl. Opt. 20(2), 177-184. https://doi.org/10.1364/A0.20.000177

Smith,W.S.; Espindola, E.L.G.; Rocha, O. 2014. Environmental gradients in reservoirs of
the medium and low Tieté River: Limnological differences trough the habitat sequence.
Acta Limnol. Bras., 16, 73-88. http://dx.doi.org/10.1590/S2179-975X2014000100009

Song, K.S,, Li, L., Wang, Z.M., Liu, D.W., Zhang, B., Xu, J.P., Du, J., Li, L.H., and Li, S.
2012. Retrieval of total suspended matter and chlorophyll-a using remote sensing data for
drinking water resources. Environ. Monit. Assess., 184(3), 1449-1470. http://dx.doi.org/
10.1007/s10661-011-2053-3

Song, K.S,, Li, L., Tedesco, L., Duan, H.T., Li, L.H., Du, J. 2014. Remote quantification of
total suspended matter trhough empirical approaches for inland waters. Journal of
Environemntal Informatics 23(1), 23-36. https://doi.org/10.3808/jei.201400254

Souza, A.D.G.; Tundisi, J.G. 2000. Hidrogeochemical comparative study of the Jad and
Jacaré-Guacu River watersheds, Sdo Paulo, Brazil. (English). Rev. Bras. Biol. 60, 563
570. http://dx.doi.org/10.1590/S0034-71082000000400004

Spyrakos, E.; O’Donnell, R.; Hunter, P.D.; Miller, C.; Scott, M.; Simis, S.G.; Neil, C.;
Barbosa, C.C.; Binding, C.E.; Bradt, S.; et al. 2018. Optical types of inland and coastal
waters. Limnol. Oceanogr. 2018, 63, 846-870. https://doi.org/10.1002/In0.10674

Straskraba, M. Retention time as a key variable of reservoir limnology. In Theoretical
Reservoir Ecology and Its Applications; Tundisi, J.G., StraSkraba, M., Eds.; International
Institute of Ecology, Brazilian Academy of Sciences and Backhuys Publishers: S&o Carlos,
Brazil, 1999; pp. 385-410.

Tassan, S.; Ferrari, G. M. 1995. An alternative approach to absorption measurements of
aquatic particles retained on filters. Limnol. Oceanog. 40(8), 1358-1368.
https://doi.org/10.4319/10.1995.40.8.1358

Tassan, S.; Ferrari, G. M. 1998. Measurement of light absorption by aquatic particles
retained on filters: determination of the optical path length amplification by the
‘transmittance-reflectance’ method. J. Plank. Res., 20(9), 1699-1709.
https://doi.org/10.1093/plankt/20.9.1699

Tilstone, G.H.; Lotliker, A.A.; Miller, P.1.; Ashraf, P.M.; Kumar, T.S.; Suresh, T.;
Ragavan, B.R.; Menon, H.B. 2013. Assessment of MODIS-Aqua chlorophyll-a algorithms
in coastal and shelf waters of the eastern Arabian Sea. Cont. Shelf Res. 65, 14-26.
https://doi.org/10.1016/j.csr.2013.06.003

Tilstone, G.; Moore, G.F.; Sgrensen, K.; Doerffer, R.; Rettgers, R.; Ruddick, K.G.;
Pasterkamp, R.; Jgrgernsen, P.VV. REVAMP, Regional Validation of MERIS Chlorophyll



145

Products in North Sea Coastal Waters, Protocols; European Union FPV: City of Brussels,
Belgium, 2002; 68p.

Toole, D.A.; Siegel, D.A.; Menzies, D.W.; Neumann, M.J.; Smith, R.C. 2000. Remote
sensing reflectance determinations in the coastal ocean environment: Impact of
instrumental characteristics and environmental variability. Appl. Opt. 39, 456-469.
https://doi.org/10.1364/A0.39.000456

Tonietto, A.E.; Lombardi, A.T.; Choueri, R.B.; Vieira, A.A. 2015. Chemical behavior of
Cu, Zn, Cd, and Pb in a eutrophic reservoir: Speciation and complexation capacity.
Environ. Sci. Pollut. Res. 22, 15920-15930. https://doi.org/10.1007/s11356-015-4773-3

Tundisi, J.G.; Matsumura-Tundisi, T. 1990. Limnology and eutrophication of Barra Bonita
reservoir, S. Paulo State, Southern Brazil. Arch. Hydrobiol. Beih. 33, 661-676.
https://doi.org/10.1007/s11356-015-4773-3. https://doi.org/10.1007/978-94-017-1096-1_2

Tundisi, J.D.; Matsumura-Tundisi, T.; Pareschi, D.C.; Luzia, A.P.; von Haeling, P.H.;
Frollini, E. 2008. The Tieté/Jacaré watershed: A case study in research and management.
Estud. Av., 22, 159-172. http://dx.doi.org/10.1590/S0103-40142008000200010

Twardowski, M.S.; Boss, E.; Sullivan, J.M.; Donaghay, P.L. Modeling the spectral shape of
absorption by chromophoric dissolved organic matter. Mar. Chem. 2004, 89, 69-88.

Tyler A.N., Hunter P.D., Spyrakos E., Groom S., Constantinescu A.M., Kitchen J. 2016.
Developments in Earth observation for the assessment and monitoring of inland,
transitional, coastal and shelf-sea waters. Sci Total Environ 572,1307-1321.
https://doi.org/10.1016/j.scitotenv.2016.01.020

Vahatalo, A.V.; Wetzel, R.G. 2004. Photochemical and microbial decomposition of
chromophoric dissolved organic matter during long (months—years) exposures. Mar.
Chem. 89, 313-326. https://doi.org/10.1016/j.marchem.2004.03.010

Vanhellemont, Q.; Ruddick, K.G. 2015. Advantages of high quality SWIR bands for ocean
colour processing: Examples from Landsat-8. Remote Sens. Environ. 161, 89-106.
https://doi.org/10.1016/j.rse.2015.02.007

Vanhellemont, Q.; Ruddick, K.G. 2014. Turbid wakes associated with offshore wind
turbines observed with Landsat 8. Remote Sens. Environ. 145, 105-115.
https://doi.org/10.1016/j.rse.2014.01.009

Vanhellemont, R. 2019. Adaptation of the dark spectrum fitting atmospheric correction for
aquatic applications of the Landsat and Sentinel-2 archives. Remote Sens. Environ. 225,
175-192. https://doi.org/10.1016/j.rse.2019.03.010.

Vishnu, P.S.; Shaju, S.S.; Tiwari, S.P.; Menon, N.; Nashad, M.; Joseph, C.A.; Raman, M.;
Hatha, M.; Prabhakaran, M.P.; Mohandas, A. 2018. Seasonal variability in bio-optical



146

properties along the coastal waters of Cochin. Int. J. Appl. Earth Obs. Geoinf. 66, 184—
195. https://doi.org/10.1016/j.jag.2017.12.002

Watanabe, F., Mishra, D. R., Astuti, I., Rodrigues, T., Alcantara, E., Imai, N. and Barbosa,
C. 2016. Parametrization and calibration of a quasi-analytical algorithm for tropical
eutrophic waters. ISPRS J Photogramm, 12, 28-47, .
https://doi.org/10.1016/j.isprsjprs.2016.08.009.

Xiao, Y.H.; Raike, A.; Hartikainen, H.; VVahatalo, A.V. 2015. Iron as a source of color in
river waters. Sci. Total Environ. 536, 914-923. https://doi.org/10.
1016/j.scitotenv.2015.06.092.

Xu, J., Hood, R.R., Chao, S.Y., 2005. A simple empirical optical model for simulating light
attenuation variability in a partially mixed estuary. Estuaries 28, 572-580.
https://doi.org/10.1007/BF02696068

Xue, K., Ma, R., Duan, H., Boss, E., Cao, Z. 2019. Inversion of inherent optical properties
in optically complex waters using sentinel 3A/OLCI images: A case study of China’s three
largest freshwater lakes. Rem. Sen. Environ. 225, 328-346.
https://doi.org/10.1016/j.rse.2019.03.006

Wang, Y., Shen, F., Sokoletsky, L., Sun, X. 2017. Validation and calibration of QAA
algorithm for CDOM absorption retrieval in the Changjiang (Yangtze) Estuarine and
Coastal Waters. Remote Sens. 9, 1192. http://doi.org/10.3390/rs9111192

Watanabe, F.S.Y.; Alcantara, E.; Imai, N.; Rodrigues, T.; Bernardo, N. 2018. Estimation of
Chlorophyll-a Concentration from Optimizing a Semi-Analytical Algorithm in Productive
Inland Waters. Remote Sens. 10, 227. https://doi.org/10.3390/rs10020227

Watanabe, F.S.Y.; Alcantara, E.H.; Rodrigues, T.W.P.; Bernardo, N.M.R.; Rotta, L.H.S.;
Imai, N.N. 2017. Phytoplankton community dynamic detection from the chlorophyll-
specific absorption coefficient in productive inland waters. Acta Limnol. Bras., 29, s2179-
s2975. http://dx.doi.org/10.1590/s2179-975x0417

Wei, J.; Lee, Z.; Shang, S. 2016. A system to measure the data quality of spectral remote-
sensing reflectance of aquatic environments. JGR: Oceans 121, 8189-8207.
http://dx.doi.org/10.1002/2016JC012126

WET Labs, Inc. Spectral Absorption and Attenuation Sensor AC-S. User’s Guide (Revision
L). 33p. 2013. Available at: < http://www.wetlabs.com/sites /default /files /documents
/acsl_0.pdf>. Access in: 05 March 2018.

WET Labs, Inc. Scattering Meter ECO BB-9. User’s Guide (Revision L). 21p. 2013.
Available at: < http://lwww.wetlabs.com/sites/default/files/documents/bb9l.pdf>. Access in:
09 March 20109.



147

Wozniak, S.B.; Meler, J.; Lednicka, B.; Zdun, A.; Sto " n-Egiert, J. 2011. Inherent optical
properties of suspended particulate matter in the southern Baltic Sea. Oceanologia 53, 691—
729. https://doi.org/10.5697/0c.53-3.691

Wu, G., Cui, L., Duan, H., Fei, T., Liu, Y. 2011. Absorption and backscattering coefficients
and their relations to water constituents of Poyang Lake, China. Appl. Opt. 50(34), 6358-
6369. https://doi.org/10.1364/A0.50.006358.

Yang, W., Matsushita, B., Chen, J., Yoshimura, K., Fukushima, T. 2013. Retrieval of
inherent optical properties for turbid inland waters from remote-sensing reflectance. IEEE
Trans. Geosc. Remote Sens. 51(6), 3761 — 3773.
https://doi.org/10.1109/TGRS.2012.2220147.

Yang, W.; Matsushita, B., Chen, J.; Yoshimura, K., Fukushima, T. 2014. Application of a
Semianalytical Algorithm to remotely estimate diffuse attenuation coefficient in turbid
waters. IEEE Geos. and Remote Sens. Letters 11, 1046-1050.
https://doi.org/10.1109/LGRS.2013.2284343.

Zanter, K. 2018. Landsat 8 Surface Reflectance Code — Product Guide v.1.0. Available at:
https://prd-wret.s3-us-west-
2.amazonaws.com/assets/palladium/production/atoms/files/LSDS-

1368 L8 Surface Reflectance_Code LASRC_Product Guide-v2.0.pdf. Access: 25 April
2019.

Zhang, Y. L., Liu, M.L., Wang, X., Zhu, G.W., Chen, W.M. 2009. Bio-optical properties
and estimation of the optically active substances in Lake Tianmuhu in summer. Int. J.
Remote Sens. 30(11), 2837-2857. https://doi.org/10.1080/01431160802558592

Zhang, Y.; Zhang, B.; Wang, X.; Li, J.; Feng, S.; Zhao, Q.; Liu, M.; Qin, B. 2007. A study
of absorption characteristics of chromophoric dissolved organic matter and particles in
Lake Taihu, China. Hydrobiologia 2007, 592, 105-120. https://doi.org/10.1007/s10750-
007-0724-4

Zhang, M.; Tang, J.; Dong, Q.; Song, Q.; Ding, J. 2010. Retrieval of total suspended matter
concentration in the Yellow and East China Seas from MODIS imagery. Remote Sens.
Envron., 114, 392-403. https://doi.org/10.1016/j.rse.2009.09.016

Zhang, X.; He, S.; Shabani, A.; Zhai, P.; Du, K. 2017. Spectral sea surface reflectances of
skylight. Opt. Exp. 25,1-13. https://doi.org/10.1364/OE.25.0000A1

Zhu, W.; Yu, Q.; Tian, Y.Q.; Becker, B.L.; Zheng, T.; Carrick, H.J. 2014. An assessment of
remote sensing algorithms for colored dissolved organic matter in complex freshwater
environments. Remote Sens. Environ. 140,776-778.
https://doi.org/10.1016/j.rse.2013.10.015.



148

Zibordi, G.; Ruddick, K.; Ansko, I.; Moore, G.; Kratzer, S.; Icely, J.; Reinart, A. 2012. In
situ determination of the remote sensing reflectances: An inter-comparison. Ocean Sci.
567-586. https://doi.org/10.5194/0s-8-567-2012





