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Breve historico do sensoriamento remoto em ambientes
aguaticos

Antes de 2000 LimitacOes tecnologicas
Resolucao espacial, espectral, radiométrica .

Focos em certos tipos de alvos

Informacdes qualitativas de corpos de agua interiores
Delimitacdo de tipos bem distintos de massas de agua

1980 - Identificar possivel fontes do aumento da turbidez no Reservatorio

de Trés Marias

2000-2013 Sensores mais adequados
Sensores para aguas oceanicas
Para aguas continentais Nao

Desenvolvimento de protocolos de medidas e calibracbes
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Atividades de Pesquisa INPE: Alguns resultados

1999-2000 — Mapeamento de areas alagaveis da bacia Amazo6nica-INPE-UCSB

—
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Areas de estudo na planicie amazobnica

Projetos LBA, Geoma (FAPESP, CNPqg, FURNAS, ANEEL)
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Infraestrutura utilizada em coletas na planicie amazonica
(a partir de 2003)

> 130 Km
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Mapeamento da distribuicédo de clorofila, TSS and CDOM usando
dados in situ, imagens multispectrais e modelos estatisticos
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| Clorofila = 79,25*(R708/R684) - 62,59
R=0,96, valorp ¢ 10

Algoritmos estatisticos
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Legend

ACC - High Chlorophyll Concentration;

MCC - Medium Chlorophyll Concentration

ACPI - High Inorganic Particle Concentration

MCPI - Medium Inorganic Particle Concentration

MACP - Very High Inorganic Particle Concentration
ACMO - High Dissolved Organic Matter Concentration
MCMO - Medium Dissolved Organic Matter Concentration
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2009-2013 Aquisicao de equipamentos
(FAPESP, CNPg, FURNAS, ANEEL)

T —

Two AC-S (10 and 25 cm)

>

ECO BB9
LISST-Portable

S

HydroScat-6P !.j/ %
L0AU UV-VIS-2600

Fluorometer

=

Six RAMSES radiometer

Shimadzu

Acoustic Doppler Profiler CTD
ASD HandHeld 2
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B Author(s) 2015. This work is distributed under
the Creative Commons Attribution 3.0 License.
30 Apr 2015
Brazilian inland water bio-optical dataset to support carbon budget studies in
reservoirs as well as anthropogenic impacts in Amazon floodplain lakes:
Preliminary results
C. Barbosal, E. Novo!, R. Ferreiral, L. Carvalho?, C. Cairo!, E. Lopes3, J. Stech?, and E. Alcantara?
TNational Institute for Space Research, Av. dos Asfronautas 1758, Sdo Jose dos Campos- Brazil
:Sé-:} FJ'aqu State lenive_rsil'y: Department of Cfartography, Ifresil?lente Prudente, SF, Era?il
“Ceara Federal University, Department of Agricultural Engineering, Fortaleza, CE, Brazil
Keywords: Brazilian inland waters, Amazon Floodplain Lake, bio-optical dataset, Inherent and Apparent optical measurements,

Diffuse attenuation coefficient

Abstract. This work presents ongoing efforts and preliminary results for building a dataset that represents the first and most
comprehensive bio-optical information available on Brazilian inland waters to support the development of remote sensing algorithms
for monitoring aquatic systems. From 2012 to 2014 optical and limnological data was gathered along thirteen field campaigns in five
Brazilian reservoirs, in an irmgation and domestic water supply reservoir located in semi-arid northeast of the country and in
Amazonian floodplain lakes, thus covering the diversity of Brazilian inland waters. At each site 20 stations, on average, were
sampled to acquire profiles of the following optical variables: absorption, attenuation, scattering, and backscattering coefficients and
radiances/irradiances spectra above and in-water. Alongside these measurements, water samples were collected for determining
concentrations of chlorophyll-a (Chl-a}, Total Suspended Solid (TSS), Total Dissolved Carbon (TDC) and its organicfinarganic
fractions, CDOM absorption, phytoplankton specific absorption [aph®] and Mon-Algal Particles absorption [aMAP*]. Preliminary
results show that Chl-a concentrations rangad from 0.6 to 243pg/L in reservoirs and 0.90 to 92pg/L in Amazonian lakes, while TSS
concentrations ranged from 0.3 to 31mg/L in reservoirs and 0.5 to 162mg/L in Amazonian lakes. In situ beam attenuation coefficients
rangad from 1.4 to 16m-1 in reservoirs and 12.5 to 38m-1 in Amazonian lakes, while diffuse attenuation coefficients of downwelling

S — irradiance over the Photosynthetically Active Radiation (Kd{PAR)) extended from 0.35 to 4.5m-1 in reservoirs and 1.69 to 13.30m-1

ldblSl in Amazonian lakes. Our research group is building this dataset anticipating future demands for algerithm validation regarding

OLliLandsat8 data and ESA Sentinel missions to be launched as of 2015.
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Laboratorio de Instrumentacéo de Sistemas Aquaticos
(LablSA)

lablSA ... -

laboratério de Home Equipamentos Projetos Pessoal Publicagbes Links Workshop
Instrumentacdo de Sistemas Aguaticos

Objetivo e missao: Formacao de recursos humanos e desenvolvimento de
algoritmos/sistemas para monitoramento e gestao de sistemas aquaticos

A principal atividade do laboratorio € coleta de dados sobre propriedades dticas e
limnolégicas de aguas interiores e costeiras para:
e caracterizagao bio-otica;
e desenvolvimento de modelos bio-6ticos;
« validacao de dados de sensores orbitais adquiridos sobre ambientes aquaticos.
e Corregao atmosférica de Iimagens dos sensores orbitais abordo das
plataformas Landsat 5-7-8, Sentinel 2-3, EOS-Terra e Aqua, CBERS-4, para
aplicacao em estudos de aguas interiores
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Desenvolvimento de algoritmos para mapeamento de
sedimentos suUspensos

72'0133"' |

2°0°0"s
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B Total de Sélidos Inorganlcos
em Suspenséo (mg/L)

2°16'0"S
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Diferentes sensores
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Desenvolvimento de algoritmos para mapeamento de
concentracoes de clorofila - a
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Conceitos do Sensoriamento Remoto em
ambientes aquaticos
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Sensoriamento Remoto: conceitos
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Sensoriamento Remoto: conceitos

A radiacéo refletida, registrada em faixas espectrais no visivel e no infravermelho,

da origem as imagens multi-espectrais.
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Sensoriamento Remoto de Sistemas Aquaticos

Agua natural = uma mistura complexa de agua pura com substancias organicas e
inorganicas dissolvidas e particuladas com diferentes formas, tamanho e composicéo
quimica

=

Colored Dissolvﬂed

Phytoplankton Organic Matter

Detrital particles Suspended sediments
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Cor da agua

A multiplicidade de cores das aguas naturais é resultado da sua interacao com a
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Como a luz interage com os corpos de agua

Somente duas coisas acontecem: fotons séo absorvidos ou espalhados .

Nl | o~ Niveis
Eletronico | =— - rotacionais ~
A E _ - Sao capturados por moléculas de agua
! g Niveis — L Nivel 11
L o | vibracionais |Eletrénico A
) g ou dos constituintes .
2 e e
= he/A
N ! (A <Ay) hC
Estado = hv -
rbnda;immal — 5 ).
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Mudam de direcéo.
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Sensoriamento Remoto de sistemas aquaticos

\ Radiagao solar
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Esta propriedade 6ptica da agua restringe a faixa espectral para uso do sensoriamento
remota de cor de agua (400 a quase 900 nm)

Sensoriamento Remoto optico
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Constituintes Opticamente Ativos (COA)

> Agua Pura;

» Matéria organica colorida dissolvida (CDOM) colored dissolved organic matter;

Fitoplancton (phy) pigmentos fotossintéeticos

» Particulado Total { organicas

Particulas néo algais (NAP) -[

inorganicas

CDOM
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Interacdo com agua pura

Absorption by pure water

. - 10* visible light .
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Interacdo com fitoplancton (Clorofila — a)
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Interacao com a matéria organica dissolvida
(CDOM)

» Fracéao dissolvida da matéria organica colorida 1 o

que passa por filtro de poro de 0.2 um 3 e
< - =L ago Buabua
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Interacdo com a particulas nao algais

(NAP)
» Em concentracdes tipicas ndo absorve muito e espalha fortemente
6F
E S
w:,g_ 4
_'-.E e W B —Particulado
o —Dissolvido
= 2
2
5 o
S sy espalhamento
=
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Interacoes séo simultaneas e conservativas

ar(A) = apny (D) + anap) + acpou ) + ay, (1) ]
Definem as propriedades Opticas

= ,
dos corpos d'agua
by (1) = bppny + bpnap + bpw + bucpom
— 0.7 T T T T T
Source: Kirk

06~ (2011)
05
E
IS
g 04
E
§ 03
=
2
< 0.2

0.1

L Detritus. w
00 ﬂ-m“.ﬁm.---_ ;.. ........ -w;
200 450 500 550 600 650 700
Wavelength (nm)
Fig. 3.11. Total absorption spectrum of an idealized, productive (1 mg
chlorophyll 2 m %) oceanic water, together with spectra of the individual
absorbing components.
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InteracOes sdo simultaneas

phy
(@) 27 particles << A (b) szmrticles ~> (c) 2o particles >> L
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Slst?ma <propriedades épticas> Informa_(;ao extraida por
aquatico sensoriamento remoto

LT(BAJ:}“) = Lw(esdjsl) + Lr(ﬂ,q),?'.)

rd
-@- L(8,0,1)

Field
: spectroradiometer

(c) q
L;(z.8,0,1.) L.(z,9.0,1)

o by, (2) Lw(0. 9,4
R, s(14,07) = KaT(/l) n bbT(/D < ligacéo > R.s(4, 0F) = WL(?S'(Z;' )

As propriedades opticas séo o elo de ligacao entre o sistemas aquaticos e as
informacdes que podem ser obtidas por Sensoriamento Remoto.
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Bandas dos sensores vs. Refletancia da agua

OLCI sensor - Sentinel 3
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Trajeto e principais processos que a luz solar € submetida antes
de atingir o sensor orbital

Sensor
O orbital
atmospheric P1- Al f6t .
| absorption & - AIJUNS To1toNS sao
N / scattering ]
= \— \ skyglint absorvidos ou espalhados por
: sunglint gases atmosféricos e aerossois

upwelling
radiance
water surface

P2 — Fotons que atingem a
superficie da agua séo refletidos

ou penetram na coluna de agua
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Trajeto e principais processos que a luz solar € submetida antes
de atingir o sensor orbital

P3 - fétons na coluna d’agua séo

absorvidos ou espalhados pelos

atmospheric constituintes da agua (fitoplancton,
i p absorption & ' '
\._ \scﬂffermg syl CDOM, particulas minerais, moléeculas
\

\f sungh’nt d € ég ua

upwelling P4 — Parte da luz espalhada para

radiance

" water surface

cima, pela atmosfera, pela
superficie da agua e pela coluna

d’agua atingem os sensores orbitais.

Note: Parte da luz absorvida pela
clorofila e por CDOM é reemitida

(fluorescéncia).
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Algoritmos e estudos de casos
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Exemplos de algoritmos para estimativa dos constituintes

Razao de bandas

_ R,+(708) )
Chl = 79.25*( rs /Rr5(684)) 62.59

chl-a= 3,72 mg/m?
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(8)

-

chl-a=172,56 mg/m?
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Diferenca de bandas

Chl = 2210.7 * (R,5(708) — R,5(684)) + 17.64

— B0 9 tlorofila = 79,25 (R708/R6B4) - 62,59

R= 0,96, valor p <10™

[
o
1

(A)

clorofila (ug /1)
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60 - .
<
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9 40 -
&
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20 |
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"""""" = Diferenca de bandas (R708-R684)
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Estudo de caso: Mapeamento de concentracao de clorofila

- — 49°00W 48°550°W 48°500°W 48°450'W
oo I 21°450'S

MINAS GERAIS

- 21°500'S | Chlorophyll a (chl)
(hg.L")
| RN
B 117 <chis324
1324 <chis 11,03
B 1103 <chis3055
I 30,55 < chi = 69.05
B 69,05 < chis 125
125 < chl = 165

21°550's

Legenda
M Usinas_Hidrelétricas_UHE P 169 < chl = 199
I vk B 199 < chi < 500
UF
: P 500 < chi < 1000
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Estudo de caso: Mapeamento da intensidade de Bloom de Algas
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Estudo de caso: Mapeamento da intensidade de Bloom de Algas

NDCI = B5 — B4 MSI Bands

B5 + B5 (Sentinel-2)
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Estudo de caso

: Mapeamento da intensidade de Bloom de Algas

MSI Bands
(Sentinel-2)
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Estudo de caso: Mapeamento da intensidade de Bloom de Algas

MSI Bands
(Sentinel-2)
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Desenvolvimento de Hibrido de clorofila - a

Espetros de referéncia

Modelo Hibrido Optico: ——P1_MAI_Cairo P16_Londe P42_Londe
0,040

> Classe 1 2 2,89 < [Chl-a] < 32,10 mg/m?3 (azul) 0,030

» Classe 2 2 19,51 < [Chl-a] < 87,63 mg/m? (verde) £ o020

» Classe 3 =2 75,89 < [Chl-a] < 600/1000 mg/m?3 (amarelo) 0,010 f E ,.
0,000 =

400 500 600 700 800 900
[ B5/B4 < 1.2062 ] Comprimento de onda (nm)

True lese

B5/B4 <2.0479

VAN

A hybrid chlorophyll-a model for Sentinel-2 in different trophic states of a tropical Brazilian reservoir (Cairo, C. et al. 2019) .
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Estudo de caso: Mapeamento de concentracao de sedimentos
e de clorofila em lagos amazonicos
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Mapeamento de sedimentos
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Mapeamento de clorofila

Chl-a estimada MSI
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MAPAQUALI

Sistema de Monitoramento Integrado de Qualidade

de Aguas Continentais por Sensoriamento Remoto
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Customizado para cada sistema aquatico
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Sistema modular
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Modulo 1

1- Pré-processamento de Imagens

Selecéo e pré-

Pr men
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dados in situ Sentinel 2 e 3 Hiperespectra crip ython |~ Google
de Imagens CRERSA com interface Engine cloud
1 1 \/ LabISA storage
1. Selecao e Download \/
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imagens Opticos e d,e ecoo v v
Corrigidas Qua“dade de agua
3. Fmask
(nuvem e sombra) - -
4. Corregdo adjacéncia _ _
Algoritmos para (LSU)
estimativas de W /Ll ;
o . Water/Land mascara
constituintes (mMNDWI) - -
6. Corregdo Sunglint _ _
(SWIR ou Hedley)

Mapas e séries historicas
de concentragdes de
constituintes

Servidora INPE Banco de imagens
corrigidas
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Selecéo e pré-
processamento
de Imagens
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information from imagery
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Opticos
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imagens
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Modulo 2

5 Infernational SOCIEtyY: fors. |
_ Photogrammetry and RéMﬁF;ejﬁsen_s;in"\""'

Education | Calendar

Int. Arch. Photogramm. Remote Sens. Spatial Inf. Sci., XL-7/W3, 1439- Volume XL-TAW3

1446, 2015
https://doi.orgi10.5194/isprsarchives-XL-7-W3-1438-2015
© Author(s) 2015. This work is distributed under

the Creative Commons Aftribution 3.0 License.

30 Apr2015

Brazilian inland water bio-optical dataset to support carbon budget studies in
reservoirs as well as anthropogenic impacts in Amazon floodplain lakes:
Preliminary results

C. Barbosa’, E. Novo', R. Ferreiral, L. Carvalho, C. Cairo!, E. Lopes3, J. Stech?, and E. Alcantara?
TNational Institute for Space Research, Av. dos Astronautas 1758, S3o Jose dos Campos- Brazil

2550 Paulo State University, Department of Cartography, Presidente Prudente, SF, Brazil

*Ceara Federal University, Department of Agricultural Engineering, Fortaleza, CE, Brazil

Keywords: Brazilian inland waters, Amazon Floodplain Lake, bio-optical dataset, Inherent and Apparent optical measurements,
Diffuse attenuation coefficient

Abstract. This work presents ongoing efforts and preliminary results for building a dataset that represents the first and most
comprehensive bio-optical information available on Brazilian inland waters to support the development of remote sensing algorithms
for monitoring aquatic systems. From 2012 to 2014 optical and limnological data was gathered along thirteen field campaigns in five
Brazilian reservoirs, in an irrigation and domestic water supply reservoir located in semi-arid northeast of the country and in
Amazonian floodplain lakes, thus covering the diversity of Brazilian inland waters. At each site 20 stations, on average, were
sampled to acquire profiles of the following optical variables: absorption, attenuation, scattering, and backscattering coefficients and
radiances/iradiances spectra above and in-water. Alongside these measurements, water samples were collected for determining
concentrations of chlorophyll-a (Chl-a), Total Suspended Solid (TSS), Total Dissolved Carbon (TDC) and its organic/inorganic
fractions, CDOM absorption, phytoplankton specific absorption [aph™] and Non-Algal Particles absorption [aNAP*]. Preliminary
results show that Chl-a concentrations ranged from 0.6 to 243pg/L in reservoirs and 0.90 to 92pg/L in Amazonian lakes, while TSS
concentrations ranged from 0.3 to 31mg/L in reservoirs and 0.5 to 162mg/L in Amazonian lakes. In situ beam attenuation coefficients
ranged from 1.4 to 16m-1 in reservoirs and 12.5 to 38m-1 in Amazonian lakes, while diffuse attenuation coefficients of downwelling
irradiance over the Photosynthetically Active Radiation (Kd{PAR)) extended from 0.35 to 4.5m-1 in reservoirs and 1.69 to 13.30m-1
in Amazonian lakes. Our research group is building this dataset anticipating future demands for algorithm validation regarding
OLliLandsat data and ESA Sentinel missions to be launched as of 2015.
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Modulo 3
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Selecao e pre- Processamento
processamento

de Imagens dados in situ
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Banco Dados Banco Dados
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Algoritmos empiricos e Algoritmos semi-
indices analiticos
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Mapas e series historicas

e Blooms de cianobactéria

* Pluma de sedimento em rios da Amazonia
* Transporte de sedimento

 Indices de eutrofizacdo

* Kd, campo de luz subaqudtico

* Produtividade primaria
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Seleg&o e pré- Processamento
processamento

de Imagens dados in situ
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4 - Geragdo de produtos
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http://www.dpi.inpe.br/labisa/
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Resolucao Espacial

Capacidade de detectar os objetos na superficie terrestre

Quanto melhor -2 menores objetos podem se distinguiveis
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Resolucao Espectral

Capacidade de discriminar maior ou menor feicbes espectrais de alvos

MSS sensor - Landsat
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Resolucao Radiométrica

Capacidade de discriminar maior ou menor intensidade do sinal que chega no
sensor

LimitacOes tecnoldgicas
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Sensoriamento Remoto dptico

Alvos terrestres
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Sensoriamento Remoto dptico

N
/O 3 Sensor
N
Vi \ >
Y 85090% _~ 0,154 0,2
, / ’ .

Radiancia Pl O
\ atmosférica /’/’ 2 P o sy
................. AT T e F L VAR,
& Bttt o S | 4 i 4 ITI G AL UK ¢ i Ay
......... S I AR S
Refletancra \ /

de superficie

\// Refletancia de fundo mlite
T T 7 7T 7T fr777 777777

NG
~—

a - espalhamento por sedimentos inorganicos

b - espalhamento por moléculas de dgua
¢ - absor¢do por matéria organica dissolvida
d -reflexdo de fundo

e - espalhamento por fitoplanctons

Alvos terrestres
evento bidimensional de
espalhamento simples

Ambientes aqudticos
inerentemente tridimensional,
espalhamento multiplo

dentro do perfil do

corpo d’dgua




