PATRIA AMADA

. , MINISTERIO DA "
‘ R Networking Friday 7 noucSctsinsss L BRASIL

GOVERNO FEDERAL

Remote Sensmg
‘| Applications in Ocean
w}« Monitoring, Corals an
i Mangrove Studies

MILTON KAMPEL, INPE
milton.kampel@inpe.br

Networking Friday, S&o José dos Campos, May2030



What brings me here today?

AMuch of the research effort undertaken in recent years has focused on the use of Earth
Observation data associated with the development and validatiorooéér) remote
sensing products for various applications.

AThe basicidea hereis to comment on some EO/RSactivities of INPEs MOceanSLab.,, to
commenton somerelevantaspectsin this field, evaluatethe limitations that still exist, to
further expand international partnerships, collaborations and personneltraining at an
International level helping AIR Centre network stakeholdersto stay active, connected,
Informed andinspired

Outline
AWhowe are?Whatwe do?

ARemoteSensingof CoralReefs/Benthidviapping
AMetoceanMonitoring.
ALand-Oceaninteractions

ARemoteSensingof Mangroves
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Space & Atmospheric Science Weather & Climate

Institutional Presentation

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. http://imww.inpe.br/institucional/sobre_inpe/missao.php
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UN Wioeld Conference on
s http://www.inpe.br/institucional/sobre_inpe/instalacoes.php#sede35
Staff 1,000 people +600 students + [postlocs + other fellowships] " | —
http://www.inpe.br/institucional/pesquisa_desenvolvimento/
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Sun synchronous orbit
Altitude = 628 km

Inclination = 97.89°

Revisiting rate = 31 days
Descending node at 10h30 local time
Launch: 20t Dec. 2019

6 AIR Centre Networking Friday, May,52020

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

Band 1 0.45-0.52 pm 0.45-0.52 pm 0.45-0.52 pm
Band 2 0.52-0.59 pm 0.52-0.59 um 0.52-0.59 pm
Band 3 0.63-0.69 pm 0.63-0.69 pm 0.63-0.69 um
Band 4 0.77-0.89 um 0.77-0.89 um 0.7/7-0.89 pm
Band 5 (PAN) 0.45-0.90 um

Resolution 16 m 2m,8m 55 m
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Amazonia 1
First MMP mission
Forest monitoring

Launch: 2020 (tbc)

Amazonia 1B
MMP mission |
SABIAMar (Oceans)
MapSAR
Launch:tbd
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CubeSats

Inside the satell

Structure, f
of Brazillan sp:

FloripaSat

O FloripaSat € uma iniciativa de professores, estudantes de
graduagao e de pds-graduacgao da Universidade de Santa
Catarina (UFSC), coordenada pelo professor Eduardo Augusto
Bezerra, com apoio da Agéncia Espacial Brasileira (AEB). O
cubeSat em formato 1U (100x100x100 mm) tem vida util
estimada em aproximadamente dois anos e tem como objetivos:

- Pesquisa e desenvolvimento de tecnologia para a area espacial;
- Capacitagao para tecnologias espaciais, através da integragao

de alunos de graduacao, pés-graduagao e professores no

desenvolvimento de pesquisas cientificas;

- Destacar o estado de Santa Catarina como um polo na area

espacial, visando atrair projetos inovadores e de grande

complexidade e estimular investimentos pablico e privado;

- Capacitagao de estudantes e pesquisadores no

desenvolvimento de uma missao espacial completa;

el T
Thd B
AESP-14 SERPENS-1 (UNB/AEB)
(ITA/ LIT-INPE) i
2

NANOSATC-BR1

(UFSM/'NPE) Tancredo |

(Ubatuba/INPE)
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Modelling physical processes
relevant to the atmosphere and
oceans

Operational Weather & Climate
Forecasting

Meteorology and ocean monitoring
using satellite

AIR Centre Networking Friday, May,52020

High performance computer
modelling

High level graduate education and
capacity building (currently with
more than 60 PhD students)

1 CLIMATE

ACTION




) .
Earth Observation

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).

REMOTE SENSING GEOINFORMATICS
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l‘ SATELLITE MISSION
TerraMA'

EDUCATION & DIFFUSION
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YAmazonia Regional Center (CR
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Education at INPE

Astrophysics (M, D) Space Engineering and Geophysics (M, D)
Technology (M, D)

Applied Computing (M, D) Meteorology (M, D)

Since 1968 and 2018, around 3,000 degrees awarded

www.inpe.br/posgraduacao/

Earth System Science (D)
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AMAZONIA AZUL

BLUE AMAZON

3.539.919 km?

Continental 2.100,000 km? l
Shelf

EEZ + .
Continental 5,700,000 km

Shelf

67% BraZ|I|an Another y S
Terrltory Amazone 5,700,000 km?
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Would such an approach like this possible or
reasonable?

15 AIR Centre Networking Friday, May®,52020



ACollecting and interpreting
information about the environment
and the surface of the Earth from a
distance, primarily by sensing
radiation that is naturally emitted or
OAE AAOAA AU OEA
from the atmosphere, or by sensing
signals transmitted from a device
andreflected backo it.

AExamples of remotesensing
methods include aerial
seasmesmemmnne Photography, radar, and satellite
Imaging.

16 AIR Centre Networking Friday, May,52020
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Electromagnetic Spectrum Methods and Types of Senso

Waveband Atmospheric

Wavelength X Class of sensor ¢ Frequency :
o description transmission ‘s PASSIVE smsoa S ACTIVE
100nm — 107 0 20 40 60 80% Visible
Ultra-violet B 1l 100 harid Infrared Microwave Radar
o Visible Ocean colour Window oo SeNsors Sensors instruments
Tum—{ 10 (Near IR) radiometer T
| 10" - 1 | I
{105 | (Thermal iR) IR radiometry z::::"sg‘sectral Infrared Scanning Scatterometer
Infrared (IR) 00 L Imaging imaging microwave Imégmg radar
g radiometers radiometers Altimeter
= 104 , Speffl'ometﬂs —
10'? - /
Imm —{ 1073 >
10" |-100 GHz =5 mar:“ Ocean Sea surface Salini Surface Surface
o2 SerVa colour temperature Y| roughness slope
Microwaves || 110" |-10GHz e
radiometry || Radars
-1 10 e " i Surface winds | | Geostrophic
r—r—r—1—1 10° -1 GHz Derived < m‘:’héj Rk Wave height cureents
o | 0 20 40 60 80 100 vartbbiss uspe v ok oo Wave spectra | | Ocean geoid
% transmittance particulates Skin Internal waves | | Sea floor
Radio waves 108 = Bathymetry temperature Surface slicks bathymetry
— 10
Robinson 2010
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Coral Reefs Studies

ACoral reefs are the most biodiverse
and productive ecosystems in
marine environments.

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

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

Aln this context, monitoring
programs to detect changes in reef
ecosystems are essential.

https://www.nature.orgen-usiwhat-we-do/our-priorities/protect-water-and-land/land-and-water-storieg8-easywaysyou-can-help-coratreefs/
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Coral Reefs Studies by RS

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

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

https://www.geospatialworld.net/news/satel
lite-mount-lidar-sensorhelpsresearchers
developnew-understandingplanktons/

Photos: MOceanS Lab. https://eos.com/sentinel/
20 AIR Centre Networking Friday, May,52020



RS Data Source!

Passive Sensors

W
& o
i ASatellit«e
Satellite multispectra
hyperspectra

Active Sensors
] E\
p 2
. Satellite
& radar DN
Airborne Satellite
LiDAR hyperspectra
Purkins& Roelfsema 2015
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RS In the Visible Ff-*-l TR
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Good water penetration capacity

Several studies

Visible Spectrum

A
( \
Bottom types Chlorophyll
= \”
\L:\& 4 - &
Bathymetry Wat_er » “\%\\& é
Quality ultioa
ultiespectral Hyperspectral
Sensors Sensors
Suspended kb
Matter

Ground truth
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Some Potentialities and Limitations

ABottom reflectance ) is the

P central parameter in the remote

Satr o S N e sensing of coral reefs and, depends
on the physical structure and
chemical substrate composition.

AAlthough RS has a great potential
In studies of the sea bottom,
extracting the reflectance spectrum
from the data of orbital optical
Sensors is complex.

l Effects of
water surface

A Several processes affect the
satellite signals.

Phinnet al. 2012

AIR Centre Networking Friday, May®1,52020



Physical Processes in Water Column

a. Absorption coefficients spectra (f) ' —7._
measured in a productive oceanic = B AN

environment (1 mg nichl-a): Total — Pjcplenkn

absorption (black), TSM absorption £

(red), water molecules (blue),

Absorption coefficient (m')

phytoplankton (green), and CDOM ¢ | < ooat — TS
(ye” OW) g = Phytoplankton
b. Absorption spectra of phytoplankton ~ i
(green) and TSM (red) are plotted, fo o1} 2 001
a better visualization. g sdcamemmergy 2’000 s
400 450 500 550 600 650 700 400 450 500 550 600 650 700
a Wavelength (nm) b Waveiength (nm)

Kirk 2011
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Light Penetration in the Water Column

Light decay modeled along water
column expressed as percentage of
Incident light as function of depth (m). 1w

25

% incident light
50 100

0

a.Curves represent differedt (nm) in  E
an environment considered as Ca%e £ s
water, where ¢hla] = 0.01 mg ni. 8

b.Light at 400 nm but in different 75
environments: Casd waters ¢hl-
a=0.1 mg ¥); French Polynesia Cast
1 waters K;=0.14 m'); Case2 waters ow (L WRT
in AbrolhosCoral Reef Bank, Brazil Case-1 waters (chl-20.01 mg m*)
(K4=0.18 m!); Casel waters ¢hla=1 B B0 W1 o< 1500 1w =+ 300 1

mg mrd); Case? waters ¢hka=0.5 mg @ &0 —e—esonm ®
m-=,

Ky=0.3m%, minerals
concentration=0.5 g nd).

AIR Centre Networking Friday, May®1,52020

% incident light
50 100

««+d++ Case-1 water chl-a 0.1 mg m?
--b=.Case-1 water French Polynesia
e G Case-1 Waters chl-a 1 mg m?
- C «=Case-2 Waters ACRB, Brazil
-+ &.=Case-2 Waters

Zoffoli et al. 2014
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RS of Submerged Substrat
&

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

(b-d). Reflectance above wates.|
(nm) simulated for the same
substrates in clear Caskwaters ¢hl-
a = 0.05 mg m) at different depths:
1, 5,20 m.

(e-g). Reflectance above wates.|
(nm) simulated for the same
substrates in Cas@ waters ¢hl-a: 1
mg M3, acpou(440) = 0.3 m;
minerals: 1 g m) at depths: 1, 5, 20
m.
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— Sediment — Live coral (blue-mode) — Green Macroalgae
~ Bleached coral Live coral (brown-mode) — QuickBird Spectral response curve

Phinnet al. 2012
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Multispectral &
Hyperspectral Sensors

(a) Reflectance spectra using a very high
resolution spectral spectrometeg
Hyperspectral.

(b) The same thing with a Multispectral
spectrometer.



Examples of spectral signatures of the same stretch
of live coral

water column; 3. Reflectance obtained with the CA3typerspectral sensor; 4. Reflectance (x
10,000) obtained from the QuickBw2 multispectral orbital sensor.

Phinnet al. 2012
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Resolution

Increasing resolution

(b) Landsat ETM+

(€) Aqua-Mopis

2.4 m pixel 30 m pixel

Extent

(f) 250 m pixel

(L3

e
. v

Hedleyet al. (2016)
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Multispectral sensors

With different spatial and
temporal resolutions
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Hedleyet al 2016
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Spatialvs.Temporal
Resolution

Consider the type of application of
Interest.



Multispectral Application

Remote Sensing of Environment 216 (2018) 598-614

Coral reef applications of Sentinel-2: Coverage, characteristics, bathymetry
and benthic mapping with comparison to Landsat 8

John D. Hedley™", Chris Roelfsema”, Vittorio Brgmdot, Claudia Giardino®, Tiit Kutser",
Stuart Phinn”, Peter J. Mumby®, Omar Barrilero’, Jean Laporte®, Benjamin Koetz"

Sentinel-2 Landsat 8

The authors applied current
processing algorithms to
Sentinel2 data from various
locations on the Great Barrier
Reef and performed direct
comparisonswith Landsat-8.

Depth (m)

(a, b) RGB composition from original
Images using bands 2, 3 and 4; (c, d)
bathymetric map; (e, f) RGBcompositionin
bandsl, 2and 3.

32 AIR Centre Networking Friday, May®1,52020

& T —
m"“*‘l 0 05 1

(a, b) Geomorphologicakone (c,d) maps
of benthic classification (b, d) show the
enlargedarea



Multispectral Application

Coral Reefs (2019) 38:467-488
https://doi.org/10.1007/s00338-019-01802-y

High-resolution habitat and bathymetry maps for 65,000 sq. km :
of Earth’s remotest coral reefs

4 Mapsof the reefs
of Gizo Island,
Solomon Islands
(a) Location of
Gizo Island in
NewGeorgia

b. True-color
WorldView2 of
the reefs

c. Bathymetric
map derived
l from the
sl \\VorldView2

Wl image calibrated
with in situ data.
d. Map of benthic
habitat.

Sam J. Purkis' - Arthur C. R. Gleason' + Charlotte R. Purkis” - Alexandra C. Dempsey”
Philip G. Renaud® - Mohamed Faisal® - Steven Saul’ - Jeremy M. Kerr®

High resolution (~m) benthic habitat and
bathymetric mapsderivedfrom WorldView2
satellite images and calibrated with in situ
observations

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

33 AIR Centre Networking Friday, May®,52020
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Multispectral Application

CoralReefs(2020)submitted

Abrolhos Coral Reef Bank (Brazil) mapping using high
spatial resolution WorldView-2 satellite imagery

Maria Laura Zoffoli 1.2, Milton Kampel 1, Robert Frouin?, Thais Andrade Galvao de
Medeiros!

o | oty
Reef AT o R oo
300W woow | WNOW  sgrabow o
Legend
Interreef area I Reer Bl Rockshore 654 5 3 4 A
Inter-reef B ; Kilometers A
| Macroalgae || Nodata
Macroalgae . .
The authors assessedhe benefits of using data
o acquiredby the WV-2 satellite for producingthe
first bottom type map in the ACRB Marine
National Park and for characterizinglandscape
Rocky shore . . .
ecologyof reefsdistribution.
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What Is the problem?
Resolving the Complexity of Coastal Waters

A Extensive studies using-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.

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

Bottom Type "B"

Bottom Type "A"

35 XIX SBSR, Santos, April 2019



Reflectance

36

Hyperspectral Sensors

The use of hyperspectral data:

AAllows to derive a greater number of classes with higher accuracy using classification

techniques.

A Allows to simultaneously separate information on depth, bottom type and water quality

parameters.

(a) Example reflectances

as seen by Landsat

05 1 1 ' ;
04
Porites
03 F
02 F
0.1,
b* Caulerpa

0.0 L -

400 500 600 700

Wavelength (nm)

XIX SBSR, Santos, April 2019

Reflectance
=] © o
N w NN

o
—_—

o
(=

400

(b)Example reflectances
as seen by CASI

—

1 T

Porites

b Caulerea

1
500 600 700

Wavelength (nm)

Example of resampled coral and
macroalgaereflectancedatafor:

(a) Blue, green and red Landsat
TMbands

(b) Typical  CASI band
configuration,with 10bands

The dashed lines show high-
resolution reflectance spectra ot a

coral (Porites sp) and algae
(Caulerpasp.).
Gray bars showing locations and

widths of the bandsand solid lines
are resampledspectraaccordingto
Instrument'sbands

Hedley, 2012



Hyperspectral Application

Article

Hyperspectral Shallow-Water Remote Sensing with
an Enhanced Benthic Classifier

Rodrigo A. Garcia ', Zhongping Lee ! and Eric ]. Hochberg 2

Remuote Send. 2018, 10, 147; doi-10.33%0 10010147

Benthic map with higher classification accuracy using
hyperspectral remote sensing inversion models in

hyperspectral aerial images of Heron Reef, Great
Barrier

100 + 100 it
3 (a) —s_ %, (b)
o0 + L4 ‘,_‘ 95
< 50 %» : 90
o 85
B3
3 80
2 60 \
| : \
% 50 T . 0
2 40 3~ a-sagass “-o ¥ '~ Brown coral
b= N X
z %'.'8“’“‘““‘* . 65 T_ o -Biue/Brown coral .
=30 T —8—Turf algae \. 60 +
o 20 1 —Calc. algae . —a— Turf algae/Brown coral
20 T R 55 .
~ v D3}
loi::::é..:#?:50.:,;:::9:!:
0—2 2—4 4—6 6—8 8—-1010—12 0—2 2—4 4—6 6—8 8—1010—-12
Depth bin (m) Depth bin (m)

Accuracy of the five depth classifiers for (a) seagrass and

algae; (b) coral classes.
37 XIX SBSR, Santos, April 2019

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



Hyperspectral Application

Evolutionof the coralreef habitat classes

between 2009 (1) and 2015(2) for three
Detection of changes in shallow coral reefs status: Towards a spatial ;ones(A, BandC)of the Saint-Gillescoral
approach using hyperspectral and multispectral data reef unit. Left, habitat map for the entire
T b o Yona e o Vel Gl s o Saint Gillesflat reefunitin 2015

| K -

s 0

Ecological Indicators 96 (2019) 174-191

Approachbasedon the analysisof
high resolution multispectral and
hyperspectraimages

Detect and quantify changesin
benthic cover on a highly
heterogeneous reef in the
southwestindianOcean

......

0 0,5 1
e Kilometers

38 XIX SBSR, Santos, April 2019



Thermal Infrared

APassive detection of radiation
emitted by the sourceobject.

AAllows to derive the surface sea
temperature (SST)from radiometric
observationan two bandslocatedat
~4 um (night) and 10z13 um (day
andnight).

AMeasuresthe skin temperature of
the seasurface(~10um) - SSTskin

ADaily global SST maps + temporal
composites

Heron et al. 2012
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lemperature

SST interface SST skin

interface .... e-a
1O T — ®

ST subskin

o 5 1111} ge—

~lem oy Mixed

Ttk Schematic profile of the
temperature of the ocean
close to the surface,

SST bulk showing the skin layer

and the depths and

measurements relevant
for satellite SST
monitoring.

2 i —

Depth

~ 1} m —

W—‘:

— - -

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



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

Ambient environment Extreme event Prediction

|
a) Thermal history (°C) b) Water quality ¢) Heat stress (°C) d P

{low resislance)
I I R A I Catl O n S B Medium (27,6 + 3.5) Medium Bl Medium (29.5-30.5) = (0'55_,'00)
B Hich (28.4 = 3.6) N Low I High (30.5-31.5) '
- Extreme (>31.5)
- P A

Ecological Applicarions, 1N6). 2009, pp. 14921499
2 2009 by the Ecological Society of America

Improved water qua]ity can ameliorate effects .// 7

of climate change on corals

. Cook
Scott A. Wooldridge, Terence J. Done -

Caims

Cardwell

Ecologicalprocessesassociatedwith a possible
Interaction between warming ocean Townsile
temperaturesandwater quality

Dissolved inorganic nitrogen (DIN) stimulates
the increasein coral symbiont populations by
Increasingmetabolic demandsduring periods of

highirradianceandtemperature (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-day period. (d) Expectedareasof low resistanceto coral
bleaching(in red).

Gladstone

High levels of DIN make coralalgae symbiosis
lessstableleadingto bleaching

40 AIR Centre Networking Friday, May,52020
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TIR Applications

Reef-Scale Thermal Stress Monitoring of Coral Ecosystems:
New 5-km Global Products from NOAA Coral Reef Watch

Gang Liu "#3*, Scott F. Heron "4, C, Mark Eakin '3, Frank E. Muller-Karger 5,

Maria Vega-Rodriguez %, Liane S. Guild °, Jacqueline L. De La Cour '*, Erick F. Geiger '*7,
William J. Skirving '*?, Timothy F. R. Burgess !, Alan E. Strong '*~, Andy Harris %,

Eileen Maturi °, Alexander Ignatov °, John Sapper *, Jianke Li ’ and Susan Lynds '’

Remote Sens. 2014, 6, 11579-11606; doi:10.3390/rs61111579

NOAA Coral ReefObservationprogram (CRW)
hasdevelopeda global 5 km dalily product suite

based on satellite observations to monitor

thermal stresson coralreefs.

Twhoe weekly S0k uight-snly 55T MMM ¢ 1°C

- Dally S-kam goo polar blawded sight only ST — — — MMM

IlT'll

b s il s e e

YTII

20 ll:_[ I : .
J FMAMIJ J A S ONDJIFMAMI J A S OND

2013

2014

[] No Stress

41

[ Bleaching Watch [ Bleaching Warning [l Alert Level 1 [l Alert Level 2

AIR Centre Networking Friday, May,52020

1
(Hoom-) ) WH w-p¢

SST

P 2 »
t ot -t L e 1 e 108 IE TMW LR 1N W e W - EL) . "
sy 20 00 28 40 WD KA B0 128 140 BR0 I1%6 206 228 240 368 INO J00 K26 6%

SSTAnomaly -

3 2
v . -\
. 1ot L W W W W - Ll - b
SST Awmals S0 - AN rEl 18 - L9 L1 L pa] 1o LAl XL
(L0 (N N MmN

BleachingHot
Spots

DegreeHeating |\

»ar we - - 1. 1w Lo e L W LW W e - - - el
L] 4 s . ? A, b . . ] 0 3 . \J UL

Daily Global Skmgg:
Satellite Coral 5. %




MW - RADAR

ADetection of seasurfaceroughnessA measurementof the backscatterof the signal
activelytransmitted by the remote sensor

AOperationduring day and night; not muchsensitiveto cloudcover

ABackscatterparametersA indicate oceanstate A transmissiontime and return of
radarpulsefrequencychange,phasedifferenceandpolarity change

AMonitoring of the environmentalconditionsaroundcoralreefs

GroundwaveRadar SyntheticApertureRadar (SAR)

La .
High FrequencyHF)andVeryHigh FrequencyVHF)

Heron et al. 201.
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" " Tru T AHF radars A remotely measure
a0} f‘j surface currents, exploring Bragg's

Bragg peakirom E Bragg pesk from resonantbackscatterphenomenon
-125 & receqing waves advancmg waves

ANetworks of HF radar systems A
map surfacecurrents every hour in

I
—
s
o

g -13s rangesof ~ 200 km (possiblymore),
g i | with horizontalresolutionof ~km.
O _140 - I |
. Second-order ﬂ} V/J Vl Jl' '
] \’r | : H\ ',}J lp ;;zrs\dorder I‘ Eﬂ ;zd-order l
\A | . . . .
sl ; VN i v' Mv\ o LR | ) a)Detection and monitoring of oil
n"'l 'W” 7 i | HU A ‘J".J\ ;U’ i fh’b"'“'}““ spillsonthe seasurface
155 F | y l ) ' ' ) ..
by ter b) Evaluationof the connectivity of
ok 5 05 T 05 ; X larvae populations in nearreal
requency (Hz .
Doppler spectrum of an ocean surface current radar system time.

(OSCR) operating at 25MHz.

43 AIR Centre Networking Friday, May,52020



HFRADAR Application

OCEANS 2009, Biloxi, MS, 2009, pp. 1-10.

Evaluating Connectivity between Marine Protected
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Areas Using CODAR High-Frequency Radar

Brian Zelenke ; Mark A. Moline ; Greg B. Crawford ; Newell Garfield ; Burt H. Jones ; John L. Largier ;.
: Steven R. Ramp ; Eric J. Terrill ; Libe Washburn

(6) Big Creck

(10) Vandenberg

AIR Centre Networking Friday, May,52020

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
establishedVIAPs

Maps of the hourly backprojections of water
particles, out through 40 days (960 hours) in the
past, for eachMPAregion; repeateddaily for eachl-
km grid-point in the given MPA with forcing from
surfacecurrentsmeasuredoy H~radarduring 2008

Thesewater particle track-points are color codedper
the legendin panel#10to showthe travel time (up
through 40 days)the waterstook to reachthe MPAs



Synthetic Aperture Radar (SAR)

V Emit pulsesof electromagneticradiation 4
at wavelengths of ~cm and detect
backscatteredradiation from the Earth's
surface

V Register the phase and amplitude of
returnedsignal

V Oceanic phenomena that affect sea

surfaceroughnesson a small scalecan o Chaturved) 2019
produce a detectable signal in a SAR _ _ _ _
image V With this set of parametersand relatively high
_ o spatial resolution, the use of SAR data can be
VAs eg., wind, waves, oll slicks and useful in monitoring environmental conditions
seeps, other surfactants, upwelling, aroundcoralreefs

shallowwater bathymetry

Heron et al. 2012
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SAR Application

CORAL REEF DETECTION USING SAR/RADARSAT-1 IMAGES AT
COSTA DOS CORALIS, PE/AL, BRAZIL

Frederico de Morvaes Rudorfj and Douglas Francisco Marcolino Gherardi
BRAZILIAN JOURNAL OF OCEANOGRAPHY, 56(2):85-96, 2008

A

Surf zone

&«

A) Raw RADARSAT image; B) Filtered SAR image (Bxmanfilter)
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Analysisof the potential of SAR Iimages
(RADARSAT]) to detect coral reefs
exposedin the Environmental Protection
Areaof CostadosCorais Brazil

Differences in processessuch as radar
wavesinteract with the surfaceof the sea
andwith emergingreefs

1. Smooth sea surfaces are specular
reflectors - little energyis returned to
the sensor- darktonesinthe images

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



SAR Application

International Journal of Remote Sensing
Vol. 27, No. 10, 20 May 2006, 2063-2069

Coral spawn and bathymetric slicks in Synthetic Aperture Radar (SAR)

data from the Timor Sea, north-west Australia

A. T. JONES*t, M. THANKAPPANT, G. A. LOGANTY, J. M. KENNARD,

x’,‘\p‘ :
AR v b e

eaturesobservedin SARimageof 16 APR1998
on: (a)Vulcanand GoereeShoals (b) Barracouta
Shoal (c) Demarcationof the feature on Vulcan
Shoal and isobathimetric contours obtained
from a nauticalchart.
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SAR features observed on
carbonatereefsin the Timor
Sea were interpreted as
causedby a coral spawning
event

Coralsspawnat night, usually
in calm environmental
conditions These conditions

ns w n Tan

can potentially be predicted 4 s 1 o 150 P

ADCP twpxopment P Durecton of s cormenes

with relativereliability.
4 (a) SARfeatures on 250CTA998 and outlines of

the features on 16/APRA998 (b) Multibeam
bathymetry of the area showing the submarine
channelsunderlyingthe featuresin the SARimage.



LIDAR (LighDetectionand Ranglng

V Emitslaserbeamsat different wavelengths Commonin
the near infrared band Sensorsused for bathymetry
operateat two frequencies

V Installedon boardmannedand unmannedplatforms.
V Allowsthe generationof 3D-Digital ElevationModels

V Providesusefulinformation to improve our knowledge
of the functional relationships  between
geomorphologicalstructure and ecologicalprocessesn
the marineenvironment

V Provides support for coastal research and mapping
efforts.

V More specifically,it contributesto the understandingof
the three-dimensionalgeomorphologyof coralreefs

PurkisandBrock 2012
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NASAExperimentalAdvancedAirborneResearchLidar (EAARL)
(Brocket al. 2004



LIDAR Application

Quantitative morphology of a fringing reef tract from high-resolution

High-resolution ScanningHydrographicOperational Airborne
Lidar Survey(SHOALS)A Usedto define the morphology of
spurand-groove structureson the fringing reef off the south

C.D. Storlazz’

J.B. Logan’
ML.E. Field'

coastof Molokai,Hawalil

Morphologyof the reefandthe islandplatform south of Molokaifrom
SHOALS bathymetric data and from the National Ocean Service
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laser bathymetry: Southern Molokai, Hawaii

GSA Bulletin, November 2003 v. 1152 no. 115 p. 1344-1355; 13 ligures.

overlaidwith the locationof 36transectsusedin the analysis
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Example of bathymetric data derived from
SHOALS (A) Visualizationon a shadedrelief
map of the SHOALSbhathymetry. (B) Example
of a bathymetric profile parallelto the coast
alongthe 10m isobath



UTM Northieg (m)
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LIDAR Application

John C. Brock - C. Wayne Wright
Tonya D. Clayton - Amar Nayegandhi

LIDAR optical rugosity of coral reefs in Biscayne National Park, Florida

Coral Recfa (2004) 23: 458-59
DOT 10 00T s00338-003-034635-7

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

2807970 [

IRO7V50

2807930

-5.0

UTM Easting (m)
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Map depicting color-coded
spot NAVDB8 referenced
elevations over Alina Reef
(highlighted spots populate
the LIDAR raster transect
selectedto demonstratethe
analysis)

NAVDSS Bortom Elevation (m)

a A .. .'. 4'1_4 AN
\ " Y X ¥
- .‘ -" l’.‘:"““‘\'l“‘ 0 n)
LR A 2 2
. cgAT e
U \-\\ i

e <0
spald

Wire mesh plot depicting a digital
elevation model created for Alina
Reef (site €584207 n280795017)
based upon the NASA EAARL
survey that was conducted on 5
August 2002 The viewing angleis
obligueandfrom the southwest



LIDAR Application

INTERNATIONAL JOURNAL OF REMOTE SENSING
2018, VOL. 39, NO. 17, 5676-5688
https://doi.org/10.1080/01431161.2018.1500072

Very high resolution mapping of coral reef state using

airborne bathymetric LiDAR surface-intensity and drone

imagery

Antoine Collin**, Camille Ramambason®, Yves Pastol‘, Elisa Casella®, Alessio Rovere®”,

Lauric Thiault™’, Benoit Espiau’, Gilles Siu', Franck Lerouvreur’, Nao Nakamura®’,

James L. Hench?, Russell J. Schmitt”, Sally J. Holbrook”, Matthias Troyer"

and Neil Davies"

A VHRairbornebathymetric LIDARsystemwasusedto

compute the coral reef ecosystems surface and
reflectancein combinationwith a multispectralcamera
mounted on a drone that produced a BGR
orthorectified.

A coral reef ecologicalmap was generatedfor the first

time at submeterscalein the lagoon of Moorealsland,
FrenchPolynesia

Five ecologicalstates were classifiedthrough an ANN

calibrated with 275samplesto determine the classof

coralstate with satisfactoryaccuracy
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Spatio-temporal characterization of satellitelerived
surface fields in thAbrolhosCoral Reef Bank
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Surface Ocean Wind Vectors
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Mixed Layer Depth

~+35°

17T

SESEE S

=192197

59 AIR Centre Networking Friday, May,52020

metros

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

0 5



60

Euphotic Depth
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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.

Photos MoceansLab.
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Mangrove Species

Lagunculariaacemosa Avicenniaschaueriana Rhizophoranangle
branco) (mangue preto) (mangue vermelho)

i

(mangue
e N T | T Y3 ‘

P

Hibiscugpernambucensis Spartinaalterniflora Acrostichunmaureum
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Photos Moceand.ab.
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The structural development of mangrove forests
depends on the intensity and periodicity of numerou
environmental factors.
Regions with a topography subject to a wide range ¢
tides, wide freshwater input by effluents, abundant
precipitation, insolation, nutrients and sediments
provide maximum structural development of

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

mangroves.
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Below Ground Biomass

Mangroves fix and store huge
amounts of carbon in the soll
(49% to 98%).

Photos MoceansLab.
Donato et al. 2011
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