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RESUMO

A matéria organica dissolvida (DOM) ¢ a componente da agua que pode ser usada como
indicativo de sua qualidade, pois possui duas fontes: uma aloctone, relacionada com descargas
de material terrestre, estando vinculada aos acidos humicos, e outra autoctone, associada as
descargas fluviais ou producdo propria do corpo hidrico estudado, estando relacionada aos
acidos fulvicos. A matéria organica dissolvida colorida (CDOM) € a fragao colorida da DOM,
que pode ser usada como proxy para a observacdo desta Ultima em aguas interiores. O
reservatorio hidrelétrico de Funil (FHR) foi o corpo hidrico escolhido como area de estudo deste
trabalho. Neste contexto, o objetivo geral desta pesquisa foi identificar e avaliar as mudangas
no coeficiente de absor¢do da CDOM (a,p ) na superficie da agua ao longo do tempo (1995
—2010), bem como entender a sua relagdo com mudangas no uso e cobertura da terra (LULC)
na bacia de contribuicdo do FHR. Para alcangar tal objetivo foram realizados: (i) o mapeamento
historico de LULC (1995 —2010, com 5 anos de intervalo) para deteccdo de mudancgas; (i) o
estudo de um conjunto de modelos bio-Opticos baseados na literatura, bem como de um novo
modelo empirico desenvolvido para estimar acpqy via reflectincia simulada (R . - )
para o sensor Thematic Mapper (TM); (i) a distribuicdo espago-temporal do a.pgy por meio
da aplicacdo de um modelo bio-Optico em imagens TM/Landsat-5 de 1995 a 2010, e (iv) a
analise das fontes possiveis de CDOM/DOM , assim como do comportamento/distribuigao do
acpoyn N0 FHR ao longo do tempo. Assim, o primeiro estudo desenvolvido nesta pesquisa foi
o da parametrizagdo do algoritmo maqumnas de vetores de suporte (SVM) de acordo com as
caracteristicas da area de estudo para classificagdo supervisionada de LULC na bacia de
contribuicdo do FHR. A deteccao de mudanga da classificagdo obtida para LULC demonstrou
que a parametrizacdo proposta para 0 SVM tornou o algoritmo capaz de diferenciar classes
grandes e continuas, classes estreitas ¢ alongadas, além de areas ndo continuas e pequenas
localizadas dentro de outra classe maior. A classificagdo obtida para o SVM apresentou boa
avaliacdo estatistica, com acuracia geral entre 86% e 96% para toda a série temporal, acurdcia
do produtor de 90%, acurdcia do usudrio maior do que 86% e indice Kappa entre 86% e 91%.
Ainda, foi observado que o LULC desenvolvido na area de estudo se manteve relativamente
estavel ao longo da série historica analisada. O segundo estudo realizado proporcionou o
desenvolvimento de um modelo empfrico em um comprimento de onda (485 nm) e uma razio
de bandas (B4/B1) alternativos para estimativa de acpoy Via Rys .. parao TM/Landsat-
5 (RMSE =7%, Nash=0.91). Este modelo também pdde identificar mesmo pequenas variagdes

nos valores de reflectincia via dados orbitais, assim como pode diferenciar variagdes sutis no



Acpom- Ainda, foram identificados dois padrdes de comportamento da CDOM para o FHR: um
associado ao LULC e a ocorréncia de chuva/lixiviagdo, bem como outro relacionado a
Clorofila-a (Chl-a) em situagdes de floragao de algas. Os referidos estudos que compde esta
pesquisa foram padronizados como artigos cientificos para a confecgdo deste documento. O
primeiro estudo, sobre a parametrizagdo do SVM, foi publicado na revista Modelling Earth
Systems Environment — Springer (DOT 10.1007/s40808-016-0190-y). O segundo estudo, sobre

a distribuicdo historica do a.p,,, €std na etapa de revisdo para futura submissao.

Palavras-chave: Matéria organica dissolvida colorida (CDOM); coeficiente de absorcdo da

CDOM (a;poy); modelos bio-Opticos; TM/Landsat-5; uso e cobertura da terra; algoritmo

maquina de vetores de suporte (SVM).



ABSTRACT

The dissolved organic matter (DOM) is a water compound related to water quality, since it has
two sources: one allochthonous, related to terrestrial discharges that can be linked to humic
acids, and another autochthonous, associated with river mput and itself production, so related
to or fulvic acids. The colored dissolved organic carbon (CDOM) is the colored fraction of
DOM that could be used as a proxy for its occurrence in inland waters. The Funil hydroelectric
reservoir (FHR) was chosen as the study site for this work. In this context, the general aim of
this research was to identify and to evaluate the changes n CDOM absorption coefficient
(acponm) at the water surface over time (1995 — 2010), and to understand its relationship with
land cover land use (LULC) changes n FHR watershed. For match this goal, (i) a LULC
historical mapping (1995 — 2010, with 5 years of interval) was made to change detection, (i) a
bio-optical model set and a new model were studied in order to estimate a.p,, from simulated

reflectance (R ) for Thematic Mapper (TM) sensor, (iil) a a.pp, Spatial and temporal

7S simulated
distribution was obtained by applying a bio-optical model n TM/Landsat-5 imagery from 1995
to 2010, and (iv) the possible CDOM/DOM sources m FHR were found, as well a.poy
historical behavior/distribution over time was analysed. Thus, the first study was the support
vector machine algorithm (SVM) parameterization according to study area characteristics to
LULC supervised classification m FHR watershed. The obtained LULC change detection
analysis demonstrates that the proposed SVM parameterization made the algorithm able to
differentiate large and continuous classes, lengthy and thin areas, and non-contnuous small
areas located mside wide classes. The obtained classification had great statistics with overall
accuracy among 86% and 98% over the time series, the producer accuracy of 90%, the user
accuracy higher than 86%, and the Kappa statistics ranged from 86% to 91%. In addition, no
significant changes in LULC were identified in the study site over all time series. The second
study provides a bio-optical model at alternatives wavelength (485 nm) and a band ratio
(B4/B1) for a.pop estimation using simulated R, for TM/Landsat-5 (RMSE = 7%, Nash =
0.91). This model could identify even small variations in reflectance values from orbital data,
as well as differentiate even slight alterations mn a;pgy. Two significantly different acpqp,
behaviors were also identified for FHR: one associated with LULC and ramfall/runoff
occurrence, and other correlated to Chlorophyll-a high concentrations (Chl-a) i algal blooms
situations. The referred studies that compose this research ware standardized as academic

articles in this document. The first study, about SVM parameterization, was published yet in



Modeling Earth Systems Environment — Springer (DOI 10.1007/s40808-016-0190-y). The

second study, about ap,, historical distribution is in the revision step to future submission.

Keywords: Colored dissolved organic matter (CDOM); CDOM absorption coeflicient
(acpom); bio-optical models; TM/Landsat-5; land cover land use (LULC); support vector
machines algorithm (SVM).
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CHAPTER 1: Introduction and objectives
1.1 INTRODUCTION

The global carbon balance computes the Earth surface as an important carbon sink (Denman
and Brasseur 2007). The global sink is estimated in approximately 2.6+ 1,7 carbon Pg per year
I excluding the deforestation emissions (Luyssaert et al. 2008). Lakes, reservoirs, and rivers
are part of the earth surface, but water bodies were not considered in gases global emissions
balance. However, surveys indicate a tendency to carbon (C) emissions in eutrophic waters by
respiration (primary production) and dissolved organic carbon (DOC) photodegradation
(Pacheco, Roland, and Downing 2014). Thus, inland waters can be a substantial source of
carbon dioxide (CO2), and methane (NHas), contributing to global warming and climate changes
(Bastviken et al. 2011).

Climate changes are considered as the hot topic to worldwide ecosystems (Rosenzweig et al
2007). Monitoring and understanding its effects are difficult activities mainly because of the
different response patterns associated with each ecosystem diversity and to spatial variation in
landscapes worldwide. Surveys indicate that mland waters are sensitive to weather/climate, and
environment variations since they respond quickly to physical, chemical and biological
alterations (Curtarelli et al. 2014). Still, studies demonstrated that inland waters can be
considered as great indicators of global climate change because of its capacity to integrate the
results related to alterations in surroundings and atmosphere (Carpenter et al. 2007).

In summary, iland waters can be considered as climate change indicator since: (i) aquatic
systems are well delimited, and sustainable studies are possible i this kind of target, (i) they
respond directly to environment/atmospheric changes, incorporating its effects in watershed
area, (ii) they integrate changes response over time, which can be filtered to remove aleatory
errors, and (iv) water bodies are a type of target distributed worldwide, which is useful to
compare climate change effects in different longitudes (Adrian et al. 2009).

Besides that, environmental changes that occur in the flux and discharge volume, water
temperature, water compounds structure (as phytoplankton concentration, dissolved organic
matter —DOM- concentration, suspended particle matter — SPM — quantities), and dissolved
oxygen values, etc., impact the reservoir structure and its water quality condition. Then,
alterations in a single water body may lead to changes in all aquatic system downstream.
Reservoirs are important for transportation, transformation and storage of C quantities,
especially due to sediment occurrence (Tranvik et al. 2009). The dissolved inorganic carbon

(DIC) is generally associated with terrestrial sources, and it is particularly important to gases
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exchange between atmosphere and water surface, playing an important role in the global carbon
cycling either. In addition, DIC is important as an indicator of biological activity because of its
control of the oxygen exchange.

DOM is a substantial factor to soil and water biogeochemical process and is originated in water
bodies by leaching, when it is associated to soil microbial activities, and by itself production,
when it is associated with the water compounds structure (distribution and concentration). The
related DOC is determined by factors as substrate composition, microbial community structure,
temperature, water flows, and surrounding characteristics, which produce chemical variants in
water body composition. Thus, the soill management practices as well as river discharges
characteristics may affect DOM, modifying DOC point of balance in a reservoir (Cole et al
2007; Matsuoka et al. 2015; F. S. Pacheco et al. 2015; Rochelle-Newall and Fisher 2002).
Indeed, nland waters are capable of affecting the weather/climate in local and regional scales
through the heat transfer between water and atmosphere, presenting an important function in
carbon global cyclng asa C emitter or sink. It is true since consumption and/or production of
CO2, CHa, and nitrous oxide (N20) by microorganisms influence the concentration of these
greenhouse gases in the atmosphere, and its heat balance (Krinner 2003; Pacheco, Roland, and
Downing 2014).

As arule, DIC and DOC are the main sources of C in lakes and reservoirs, followed by organic
suspended sediments (OSS) and inorganic suspended solids (ISS). The relative importance of
these sources varies according to water body location, and to its hydrologic dynamics,
generating longitudinal differences in reservoirs C fractions worldwide. They may also reflect
the different characteristics of weather, soil, geochemical structure (soil and water), river
discharges, nutrient availability, and land cover land use (LULC) possibilities, etc. (Effler et al
2015).

Colored carbon fractions present in water bodies can be estimated by bio-optical models, which

use remote sensing reflectance (R,, sr'!) to estimate water optically significant constituents
(OSC) or to retrieve water inherent optical properties (IOP), as total absorption (a(Ad)) and
scattering (b(A), mr!) coeflicients.

IOPs are the water properties which can be directly measured, are mdependent of the light field,
and are linked to the mteraction between the OSCs and solar irradiation. There are also the
apparent optical properties (AOP), which are not directly measured, but derived from other

quantities, and are highly dependent on the light field, the depth and the quantity of incident
energy (Kik 2011; Mobley 2001). As an example of AOPs we have R,..
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Both, IOPs and AOPs are related themselves, allowing to retrieve a(A) and backscattering
b, (4) coefficients from R, using models or algorithms specially developed for this purpose.
Based on this possibility, we studied a bio-optical models set performance for retrieving the
colored dissolved organic matter absorption coeflicient in a given wavelength (a.pgp (1)) for
a tropical eutrophic reservoir. This set is composed by Quasi-analytical algorithm (QAA- Lee,
Carder, and Armone 2002) and empirical models developed by Del Castillo and Miller (2008);
D’Sa and Miller (2003); Ficek, Zapadka, and Dera (2011); Griffin et al. (2011); Kutser et al
(2005); Mannino, Russ, and Hooker (2008), and studied by (Zhu et al. 2014), all of them
specifically developed to retrieve a(A) from R, in complex inland waters.

QAA is an algorithm based on the radiative transfer equations and its main objective is to
accurately retrieve a and b, coefficients from R, through analytical, semi-analytical and
empirical sequenced steps, which ensure QAA application in almost all water cases with just
few modifications (Lee, Carder, and Arnone 2002). Empirical steps use statistics regressions,
being geographic and temporal dependent on the data; semi-analytical ones are originated from
numeric optimization guaranteeing geographical, and temporal flexibility, and finally,
analytical steps are linked to radiative transfer equations having independence from local and
time. QAA can also provide the specific absorption coefficient of CDOM plus detritus (a4),
or just CDOM (acpoy ) and phytoplankton (a,,) (Cheng Feng Le et al. 2009; Lee, Carder, and
Arnone 2002; Watanabe et al. 2016; Yang et al. 2013; Zhu et al. 2011; Zhu and Yu 2013).

In contrast with QAA spatial flexibility, empirical models do not use the radiative transfer
equations in estimations, but the direct mathematical relation among IOPs and AOPs by
numeric regressions. Thus, a rigorous parameterization procedure is needed to construct an
efficient and reliable model to IOPs retrieving by using field or simulated data to calibrate and
validate the model. Therefore, empirical models are dependent on its baseline data, and are
geographically restricted as a consequence (Zhu et al. 2014).

CDOM is the colored fraction of'the dissolved organic matter (DOM). Dissolved organic carbon
(DOC) is a great part of DOM for inland waters. According to this relationship, CDOM or
acpon May be used as a proxy to retrieve the total DOC concentration, since a high correlation
between them is frequently found (Esteves 1998; Zhu et al. 2014). However, recent surveys
already demonstrated that CDOM can also be correlated to phytoplankton and Chlorophyll-a
(Chl-a) n specific situations (Danhiez et al. 2017; Kirchman et al. 1991; Sasaki et al. 2005;
Xue, Zhang, and Duan 2016; Zhang et al. 2009).
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Depending on CDOM main source, DOM content in inland waters can be associated with: 1)
external dynamics and structure, which means LULC and weather/climate characteristics that
provide organic matter (OM) to reservoirs by leaching (Allan 2004; Cole et al. 2007; Lee,
Carder, and Armone 2002; Zhu et al. 2014), and i) internal dynamics that nvolves the reservoir
contents, river discharges and aquatic environment behavior, which define the water
compounds distribution (Cole et al. 2007; Xue, Zhang, and Duan 2016; Zhu etal. 2014). Despite
the CDOM source and its correlation with DOC or Chl-a, the relationship between CDOM and
DOM is still the same, both increase or decrease proportionally, and linearly (Brezonik et al
2015; Danhiez etal. 2017).

Acpoy ©€Stimates using orbital data is possible by applying a bio-optical model in satellite
imagery; it was already made and presented successful results for Thematic Mapper (TM),
Enhanced Thematic Mapper (ETM+), Operational Long Imager (OL