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What brings me here today?
ÅMuch of the research effort undertaken in recent years has focused on the use of Earth 

Observation data associated with the development and validation of (ocean) remote 
sensing products for various applications.

ÅThe basicidea here is to comment on someEO/RSactivitiesof INPÉs MOceanSLab., to
comment on somerelevantaspectsin this field, evaluatethe limitations that still exist, to
further expand international partnerships,collaborations and personnel training at an
international level helping AIR Centre network stakeholdersto stay active, connected,
informedandinspired.
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Outline
ÅWhoweare?Whatwedo?

ÅRemoteSensingof CoralReefs/BenthicMapping.
ÅMetoceanMonitoring.

ÅLand-OceanInteractions.

ÅRemoteSensingof Mangroves.



Mission
To develop, operate and use space systems for the 
advancement of science, technology and applications in 
the areas of outer space and Earth environment, and 
offer innovative products and services for the benefit of 
Brazil.

Institutional Presentation
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http://www.inpe.br/institucional/sobre_inpe/instalacoes.php#sede35

Space & Atmospheric Science Weather & Climate

Space Technology Earth System Sciences

Satellite Tracking & Control

Integration & Testing Lab.Associated Laboratories

Earth Observation

http://www.inpe.br/institucional/pesquisa_desenvolvimento/

http://www.inpe.br/institucional/sobre_inpe/missao.php

Staff 1,000 people + ~600 students + [post-docs + other fellowships]
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MUX (20 m)WFI (64 m)

PAN (5 m)

CBERS-4

MUX (20 m)



Cameras MUX WPM WFI

Band 1 0.45 - 0.52 µm 0.45 - 0.52 µm 0.45 - 0.52 µm 

Band 2 0.52 - 0.59 µm 0.52 - 0.59 µm 0.52 - 0.59 µm 

Band 3 0.63 - 0.69 µm 0.63 - 0.69 µm 0.63 - 0.69 µm 

Band 4 0.77 - 0.89 µm 0.77 - 0.89 µm 0.77 - 0.89 µm 

Band 5 (PAN) 0.45 - 0.90 µm

Resolution 16 m 2 m, 8 m 55 m

CBERS-04A
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Sun synchronous orbit

Altitude = 628 km 

Inclination = 97.89º

Revisiting rate = 31 days

Descending node at 10h30 local time

Launch: 20th Dec. 2019

Cameras MUX WPM WFI

Manufacturer Brazil China Brazil

Type Pushbroom Push broom TDI Push broom

Revisitingrate 31 days 31 days 5 days

Quantization 8 bits 10 bits 10 bits

Swath 95 km 92 km 684 km
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CBERS 04A

WFI (55 m)
MUX (16 m)

WPM (2 m) WPM (2 m)



8 AIR Centre Networking Friday, May 15th, 2020

01-MAR-2018

Amazonia 1
First MMP mission
Forest monitoring
Launch: 2020 (tbc)

Amazonia 1B
MMP mission
SABIA-Mar (Oceans)
MapSAR
Launch: tbd



CubeSats
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Center for Weather Forecast and Climate Studies
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Earth Observation
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It involves scientific and technological knowledge in the fields of 
remote sensing and geoinformatics, survey of natural resources and 
monitoring of the environment. It conducts research, development 
and applications in the fields of Remote Sensing and Digital Image 
Processing (83 employees: 80% PhD and 15% MSc).

GEOINFORMATICS

SATELLITE MISSIONS
&

DATA CENTER

REMOTE SENSING

PROGRAMS

UN SDGs

EDUCATION & DIFFUSION
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NE Regional Center (CRN)

S Regional Center (CRS)

Amazonia Regional Center (CRA)



Education at INPE
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).0%ȭÓ %ÎÖÉÒÏÎÍÅÎÔÁÌ -ÏÎÉÔÏÒÉÎÇ 3ÙÓÔÅÍÓ: 
Land Cover, Deforestation Alerts and Fire

Courtesy: Maurano, LE
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2019 2020
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BLUE AMAZON

EEZ

Continental

Shelf

EEZ +

Continental

Shelf

67% Brazilian

Territory
Another

Amazone

2,100,000 km2

5,700,000 km2

5,700,000 km2



Would such an approach like this possible or 
reasonable?
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Satellite Remote Sensing
ÅCollecting and interpreting 

information about the environment 
and the surface of the Earth from a 
distance, primarily by sensing 
radiation that is naturally emitted or 
ÒÅÆÌÅÃÔÅÄ ÂÙ ÔÈÅ %ÁÒÔÈȭÓ ÓÕÒÆÁÃÅ ÏÒ 
from the atmosphere, or by sensing 
signals transmitted from a device 
and reflected backto it. 

ÅExamples of remote-sensing 
methods include aerial 
photography, radar, and satellite 
imaging.
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Corals/Reefs Mangroves Aquaculture Algae blooms Climate Health

Marine Spatial
Mapping

Bays & Estuaries

Wind PowerAir-Sea Ocean ColourFisheries Inland waters Sat Missions

Oil & Gas

Land-Ocean



Electromagnetic Spectrum
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Robinson 2010

Methods and Types of Sensors 



Coral Reefs Studies
ÅCoral reefs are the most biodiverse 

and productive ecosystems in 
marine environments. 

ÅHuman activity and natural climate 
trends constitute a major threat to 
coral reefs worldwide. 

ÅModels predict a significant 
reduction in reef spatial extension 
together with a decline in 
biodiversity in the relatively near 
future. 

ÅIn this context, monitoring 
programs to detect changes in reef 
ecosystems are essential. 
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https://www.nature.org/en-us/what-we-do/our-priorities/protect-water-and-land/land-and-water-stories/8-easy-ways-you-can-help-coral-reefs/



Coral Reefs Studies by RS
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https://www.geospatialworld.net/news/satel
lite-mount-lidar-sensor-helps-researchers-
develop-new-understanding-planktons/

https://eos.com/sentinel-2/Photos: MOceanS Lab.

ÅRemote  sensing  approaches  to  acquiring  data  in  coral  
reef ecosystems  are  the  most  cost-effective  and  allow  
for  synoptic  monitoring  of  large  areas,  including places 
with difficult access.

ÅIn recent years, coral reef mapping using remote sensing  
data  has  benefited  from  instruments  with  better  
resolution  and computational advances in storage and 
processing capabilities.



RS Data Sources
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Passive Sensors

Active Sensors

Purkins& Roelfsema, 2015



RS in the Visible
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Good water penetration capacity

Hyperspectral
Sensors

Multiespectral
Sensors

Bottom types

Bathymetry

Chlorophyll

Suspended 
Matter

Water 
Quality

Several studies

Ground truth

Visible Spectrum



Some Potentialities and Limitations
ÅBottom reflectance (ʍb) is the 

central parameter in the remote 
sensing of coral reefs and, depends 
on  the  physical  structure  and  
chemical  substrate  composition.

ÅAlthough  RS has  a  great  potential  
in  studies  of  the  sea  bottom,  
extracting  the reflectance spectrum 
from the data of orbital optical 
sensors is complex.

ÅSeveral processes affect the 
satellite  signals.
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Phinnet al. 2012 



Physical Processes in Water Column

a. Absorption coefficients spectra (m-1) 
measured in a productive oceanic 
environment (1 mg m-3 chl-a): Total 
absorption (black), TSM absorption 
(red), water molecules (blue), 
phytoplankton (green), and CDOM  
(yellow).

b.Absorption spectra of phytoplankton 
(green) and TSM (red) are plotted, for 
a better visualization.
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Kirk 2011 



Light Penetration in the Water Column

Light decay modeled along water 
column expressed as percentage of 
incident light as function of depth (m).

a.Curves represent different l(nm) in 
an environment considered as Case-1 
water, where [chl-a] = 0.01 mg m-3.

b.Light at 400 nm but in different 
environments: Case-1 waters (chl-
a=0.1 mg m-3); French Polynesia Case-
1 waters (Kd=0.14 m-1); Case-2 waters 
in AbrolhosCoral Reef Bank, Brazil 
(Kd=0.18 m-1); Case-1 waters (chl-a=1 
mg m-3); Case-2 waters (chl-a=0.5 mg 
m-3, Kd=0.3m-1, minerals 
concentration=0.5 g m-3).
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Zoffoli et al. 2014



RS of Submerged Substrates
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a.Reflectance of different substrates at 
0 m depth, as function of l(nm): 
coral sand (blue), brown algae (red) 
and green algae (green).

(b-d). Reflectance above water vs.l
(nm) simulated for the same 
substrates in clear Case-1 waters (chl-
a = 0.05 mg m-3) at different depths: 
1, 5, 20 m.

(e-g). Reflectance above water vs.l
(nm) simulated for the same 
substrates in Case-2 waters (chl-a: 1 
mg m-3; aCDOM(440) = 0.3 m-1; 
minerals: 1 g m-3) at depths: 1, 5, 20 
m.

Zoffoli et al. 2014



Multispectral & 
Hyperspectral Sensors
(a) Reflectance spectra using a very high-

resolution spectral spectrometer ɀ
Hyperspectral. 

(b) The same thing with a Multispectral 
spectrometer.
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Phinnet al. 2012 



Examples of spectral signatures of the same stretch 
of live coral

1. In situ reflectance from field spectrometry; 2. Simulated surface reflectance with 1.0 m of 
water column; 3. Reflectance obtained with the CASI-2 hyperspectral sensor; 4. Reflectance (x 
10,000) obtained from the QuickBird-2 multispectral orbital sensor.
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Phinnet al. 2012 



Multispectral sensors
With different spatial and 
temporal resolutions
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Hedleyet al. (2016)



Spatial vs.Temporal 
Resolution

Consider the type of application of 
interest.
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Hedleyet al 2016



Multispectral Application

(a,b) Geomorphologicalzone; (c,d) maps
of benthic classification. (b, d) show the
enlargedarea.

The authors applied current
processing algorithms to
Sentinel-2 data from various
locations on the Great Barrier
Reef and performed direct
comparisonswith Landsat-8.

(a, b) RGB composition from original
images using bands 2, 3 and 4; (c, d)
bathymetricmap; (e, f) RGBcompositionin
bands1, 2 and3.
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High resolution (~m) benthic habitat and
bathymetric mapsderivedfrom WorldView-2
satellite images and calibrated with in situ
observations.

Study area distributed in an equatorial
transect covering 65,000 km2 of habitats
dominatedby coralreefsin 11countries.

Mapsof the reefs
of Gizo Island,
Solomon Islands.
(a) Location of
Gizo Island in
NewGeorgia.
b. True-color
WorldView-2 of
the reefs.
c. Bathymetric
map derived
from the
WorldView-2
image calibrated
with in situ data.
d. Map of benthic
habitat.

Multispectral Application
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Multispectral Application
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Coral Reefs(2020) submitted

Abrolhos Coral Reef Bank (Brazil) mapping using high 

spatial resolution WorldView-2 satellite imagery

María Laura Zoffoli 1,2*, Milton Kampel 1, Robert Frouin3, Thais Andrade Galvão de 

Medeiros1

The authors assessedthe benefits of using data
acquiredby the WV-2 satellite for producingthe
first bottom type map in the ACRB Marine
National Park and for characterizinglandscape
ecologyof reefsdistribution.



What is the problem?
Resolving the Complexity of Coastal Waters

35 XIX SBSR, Santos, April 2019

ÅExtensive studies using in-itu
measurements and remote 
sensing imaging have shown 
that visible hyperspectral 
imaging is one of the best 
available tools to resolve the 
complexity of the coastal 
ocean from space.

ÅThere is a need for high spatial 
(and temporal) resolution in 
the near costal ocean.



Hyperspectral Sensors

36 XIX SBSR, Santos, April 2019

The use of hyperspectral data:
ÅAllows to derive a greater number of classes with higher accuracy using classification 

techniques.
ÅAllows to simultaneously separate information on depth, bottom type and water quality 

parameters.

Example of resampled coral and
macroalgaereflectancedata for:

(a) Blue, green and red Landsat
TMbands.

(b) Typical CASI band
configuration,with 10bands.

The dashed lines show high-
resolution reflectancespectra of a
coral (Porites sp.) and algae
(Caulerpasp.).

Gray bars showing locations and
widths of the bandsand solid lines
are resampledspectraaccordingto
instrument'sbands.

Hedley, 2012



Comparison between (a) the Heron Reef
pseudo RGB(b) the HOPE-LUT classification
and (c) the BRUCEclassificationmap. Regions
A and B in (a) highlight the inner lagoon and
the reef, respectively.

Benthic map with higher classification accuracy using 
hyperspectral remote sensing inversion models in 
hyperspectral aerial images of Heron Reef, Great 
Barrier

Accuracy of the five depth classifiers for (a) seagrass and 
algae; (b) coral classes.

Hyperspectral Application

37 XIX SBSR, Santos, April 2019



Hyperspectral Application
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Evolutionof the coral reef habitat classes
between 2009 (1) and 2015(2) for three
zones(A,BandC)of the Saint-Gillescoral
reef unit. Left, habitat map for the entire
Saint-Gillesflat reefunit in 2015.

Approachbasedon the analysisof
high resolution multispectral and
hyperspectralimages.

Detect and quantify changes in
benthic cover on a highly
heterogeneous reef in the
southwestIndianOcean.



Thermal Infrared

ÅPassive detection of radiation
emitted by the sourceobject.

ÅAllows to derive the surface sea
temperature(SST)from radiometric
observationsin two bandslocatedat
~4 µm (night) and 10ɀ13 µm (day
andnight).

ÅMeasuresthe skin temperature of
the seasurface(~10µm) - SSTskin.

ÅDaily global SST maps + temporal
composites.
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Schematic profile of the
temperatureof the ocean
close to the surface,
showing the skin layer
and the depths and
measurements relevant
for satellite SST
monitoring.

(https://oceanservice.noaa.gov/facts/sea-surface-temperature.html)

Heron et al. 2012

https://oceanservice.noaa.gov/facts/sea-surface-temperature.html


TIR Applications
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Ecologicalprocessesassociatedwith a possible
interaction between warming ocean
temperaturesandwaterquality

Dissolved inorganic nitrogen (DIN) stimulates
the increase in coral symbiont populations by
increasingmetabolic demandsduring periodsof
high irradianceandtemperature.

High levels of DIN make coral-algae symbiosis
lessstableleadingto bleaching

(a) Historical thermal index based on the typical summer
maximum sea surfacetemperature (TSM). (b) Water quality
index based on terrestrial runoff rich in (DIN). (c) Thermal
stress index based on the maximum SST occurring in any
three-dayperiod. (d) Expectedareasof low resistanceto coral
bleaching(in red).

Scott A. Wooldridge, Terence J. Done



TIR Applications
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NOAA CoralReefObservationprogram (CRW)
hasdevelopeda global5 km daily product suite
based on satellite observations to monitor
thermalstresson coralreefs.

SST

SST Anomaly

BleachingHot 
Spots

DegreeHeating
Week (DHW)

Daily Global 5km 
Satellite Coral 
Bleaching Heat 

Stress Alert Area
(7-day max)



MW - RADAR
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ÅDetectionof seasurfaceroughnessĄmeasurementof the backscatterof the signal
activelytransmitted by the remotesensor.

ÅOperationduringdayandnight; not muchsensitiveto cloudcover.

ÅBackscatterparametersĄ indicate oceanstateĄ transmissiontime and return of
radarpulsefrequencychange,phasedifferenceandpolarity change.

ÅMonitoring of the environmentalconditionsaroundcoralreefs.

High Frequency(HF) andVeryHigh Frequency(VHF)

Ground-waveRadar

Heron et al. 2012

SyntheticApertureRadar (SAR)



HF RADAR
ÅHF radars Ą remotely measure

surface currents, exploring Bragg's
resonantbackscatterphenomenon.

ÅNetworks of HF radar systemsĄ
map surfacecurrents every hour in
rangesof ~ 200 km (possiblymore),
with horizontalresolutionof ~km.

a)Detection and monitoring of oil
spillson the seasurface;

b)Evaluationof the connectivityof
larvae populations in near-real
time.
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Doppler spectrum of an ocean surface current radar system 
(OSCR) operating at 25.4 MHz.



HF-RADAR Application
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V Assessmentof connectivity between
Marine Protected Areas(MAPs)along
the centralCaliforniacoast.

V Network of HF Radar stations for
oceancurrentsmapping.

V The authors computed 40-day
reversed trajectories during 1 year
between potential regions of larval
origin and destinations within
establishedMAPs.

Maps of the hourly back-projections of water
particles, out through 40 days (960 hours) in the
past, for eachMPAregion; repeateddaily for each1-
km grid-point in the given MPA with forcing from
surfacecurrentsmeasuredby HF-radarduring2008
Thesewater particle track-points arecolor codedper
the legendin panel#10 to show the travel time (up
through40days)the waterstook to reachthe MPAs.



Synthetic Aperture Radar (SAR)
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VEmit pulsesof electromagneticradiation
at wavelengths of ~cm and detect
backscatteredradiation from the Earth's
surface.

VRegister the phase and amplitude of
returnedsignal.

VOceanic phenomena that affect sea
surfaceroughnesson a small scalecan
produce a detectable signal in a SAR
image.

VAs e.g., wind, waves, oil slicks and
seeps, other surfactants, upwelling,
shallow-water bathymetry

VWith this set of parametersand relatively high
spatial resolution, the use of SAR data can be
useful in monitoring environmental conditions
aroundcoralreefs.

Chaturvedi, 2019

Heron et al. 2012



SAR Application
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Analysisof the potential of SAR images
(RADARSAT-1) to detect coral reefs
exposedin the EnvironmentalProtection
Areaof CostadosCorais, Brazil.

Differences in processes such as radar
wavesinteract with the surfaceof the sea
andwith emergingreefs.

1. Smooth sea surfaces are specular
reflectors - little energy is returned to
the sensor- darktonesin the images.

2. Coral reefs have a more diffuse
scattering- greateramountsof energy
return to the sensor - intermediate
shadesof grayin the images.

A) Raw RADARSAT-1 image; B) Filtered SAR image (3x3 Kuanfilter)



SAR Application
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Coralsspawnat night, usually
in calm environmental
conditions. These conditions
can potentially be predicted
with relativereliability.

(a) SARfeatures on 25/OCT/1998 and outlines of
the features on 16/APR/1998. (b) Multibeam
bathymetry of the area showing the submarine
channelsunderlyingthe featuresin the SARimage.

Featuresobservedin SARimageof 16/APR/1998
on: (a)VulcanandGoereeShoals; (b)Barracouta
Shoal; (c)Demarcationof the feature on Vulcan
Shoal and isobathimetric contours obtained
from anauticalchart.

SAR features observed on
carbonatereefs in the Timor
Sea were interpreted as
causedby a coral spawning
event.



LIDAR (Light DetectionandRanging)
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VEmitslaserbeamsat different wavelengths. Commonin
the near infrared band. Sensorsused for bathymetry
operateat two frequencies.

VInstalledon boardmannedandunmannedplatforms.

VAllowsthe generationof 3D-Digital ElevationModels.

VProvidesuseful information to improve our knowledge
of the functional relationships between
geomorphologicalstructureand ecologicalprocessesin
the marineenvironment.

VProvides support for coastal research and mapping
efforts.

VMore specifically,it contributesto the understandingof
the three-dimensionalgeomorphologyof coralreefs NASAExperimentalAdvancedAirborneResearchLidar(EAARL).

(Brocket al. 2004)

PurkisandBrock, 2012



LIDAR Application
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High-resolution ScanningHydrographicOperational Airborne
Lidar Survey(SHOALS)Ą Usedto define the morphology of
spur-and-groove structureson the fringing reef off the south
coastof Molokai,Hawaii.

Example of bathymetric data derived from
SHOALS. (A) Visualizationon a shadedrelief
map of the SHOALSbathymetry. (B)Example
of a bathymetric profile parallel to the coast
alongthe 10m isobath.

Morphologyof the reef andthe islandplatform southof Molokai from
SHOALSbathymetric data and from the National Ocean Service
overlaidwith the locationof 36transectsusedin the analysis.



LIDAR Application
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NASA Experimental Advanced Airborne Research Lidar
(EAARL)Ą Usedto measurethe topographyof shallowreef
substrates,on asub-metric scale.

Map depicting color-coded
spot NAVD88 referenced
elevations over Alina Reef
(highlighted spots populate
the LIDAR raster transect
selectedto demonstratethe
analysis).

Wire mesh plot depicting a digital
elevation model created for Alina
Reef (site e584207_n2807950_17)
based upon the NASA EAARL
survey that was conducted on 5
August 2002. The viewing angle is
obliqueandfrom the southwest



LIDAR Application
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Digital (a) surface,(b) intensity (532nm wavelength),
and (c) coral reef state ÃÌÁÓÓÉǢÃÁÔÉÏÎderived from
bathymetric LiDARsoundings(40,364× 34,588pixels
at 0.5m pixelsize).

A VHRairbornebathymetric LIDARsystemwasusedto
compute the coral reef ecosysteḿs surface and
reflectancein combinationwith a multispectralcamera
mounted on a drone that produced a BGR
orthorectified.
A coral reef ecologicalmap wasgeneratedfor the first
time at submeterscalein the lagoonof MooreaIsland,
FrenchPolynesia.
Five ecologicalstates were classifiedthrough an ANN
calibrated with 275samplesto determine the classof
coralstatewith satisfactoryaccuracy.



Spatio-temporal characterization of satellite-derived 
surface fields in the AbrolhosCoral Reef Bank
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Sea Surface Temperature
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SST
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Coroa
Vermelha

Parcel das
Paredes

Parcel de
Abrolhos

Rawdata AnomaliesDecadal average

Timbebas



Chlorophyll-aConcentration
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CHL
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Coroa
Vermelha

Parcel das
Paredes

Parcel de
Abrolhos

Rawdata AnomaliesDecadal average

Timbebas



Surface Ocean Wind Vectors
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OWV
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Mixed Layer Depth
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Euphotic Depth
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MLD vs.ZEU Dynamics
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Net Primary Production
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Environmental Characterizations
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SST - Campos CHL - AMBES ZEU - Santos MLD - SEAL

OWV - SEAL PPO - Santos
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Chlorophyll-a

Ocean Wind Vectors

Precipitation

Operational MetOceanMonitoring
Original Algorthm 2.5̄ C Adjusted Algorthm 0.9 C̄

AlgorithmsCal/Val

Frontal Systems

Wind PPT

Sea Surface Temperature



Environmental 
monitoring ς
Bays and 
Estuaries

ωEutrophication index
ωEnvironmental studies
ωSurface circulation

NPP/VIIRS ï20/APR/2019 AVHRR/MetOp ï5/JUN/2019

ABI/GOES16ï2/FEB/2019 ASCAT/MetOpAï2/FEB/2019 ωWater mass indicator
ωSurface circulation
ωWater renewal

ωAccumulated 
precipitation in 
watersheds

ωSynopticmonitoring
ωColdfronts passages
ωAtm. instabilities
ωNavigation
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VIIRSï12/AUG/2018SENTINEL 1 ï12/AUG/2018

Synergy ɀ
MultiSensors

Monitoring of coastal 
plumes and efluents

Sentinel2 ɀLandsat8 
ɀCBERS4



Land Cover ςLand Use, Urban Expansion, Vegetation Coverage
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LANDSAT
Time series with ~300 imagesof Guanabara Bay

Processing showing the expansion of the urban area (in red) between 1983 (left) 
and 2018 (right)



RS of Mangroves

Mangroves are coastal ecosystems typical of tropical and subtropical 
regions subject to the tidal regime.

Considered important sources of support for the conservation of 
terrestrial and marine biodiversity, providing habitat, spawning grounds, 
nurseries and food for various animals.
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Photos: MoceansLab.



Distribution and Diversity of Mangrove Species
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(World Atlas of Mangroves, Spalding et al. 2010) 

Total area ~ 150,000 km² 
extension of mangroves

1st Indonesia 31,894 km² (20.9%)
2nd Brazil with 13,000 km² (8.5%)
3rd Australia with 9,910 km² (6.5%)



Mangrove Species
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Lagunculariaracemosa  
(mangue branco)

Rhizophoramangle
(mangue vermelho)

Avicenniaschaueriana
(mangue preto)

Photos: MoceansLab.
AcrostichumaureumHibiscuspernambucensis Spartinaalterniflora 



Global Map of Mangroves Above Ground Biomass 
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The structural development of mangrove forests 
depends on the intensity and periodicity of numerous 
environmental factors.
Regions with a topography subject to a wide range of 
tides, wide freshwater input by effluents, abundant 
precipitation, insolation, nutrients and sediments 
provide maximum structural development of 
mangroves.

(Hutchison et al. 2014)

AGB estimates are important for estimating 
mangrove productivity, determining the stock and 
cycling of elements in this ecosystem, forest 
carbon, estimating the degree of maturity, 
structural development and stress level.



Below Ground Biomass
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Mangroves fix and store huge
amounts of carbon in the soil
(49%to 98%).

Donato et al. 2011
Photos: MoceansLab.


