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What Information do Managers Need (from Optical

Remote Sensing) in Aquatic Ecosystems?

e Status, Condition and Trend & Anomalies:
« Status (survey, classify and map)

« what is where? (=99%o0f current remote sensing effort)
» (is it absent when it should be present) or
» (is it present when it should be absent?)

« Condition:
* is it healthy?, is it stable?
* Is it stressed?
* Trend:
* Is it getting worse or is it improving?
 Remote Sensing can do hind casting and now casting
* Model data fusion needed for forecasting

« Anomalies:

 Normal (to be expected) or exceptional (indicating exceptional
change from before? E.g. climate change indication?)

CSIRO
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MODIS Aqua Operational Water Quality

System for GBR + Tasmania
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MODIS 28 January 2005: Burdekin River (centre — muddy) and
Mackay Whitsunday Rivers (lower, green) river flood plumes
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The Great Barrier Reef: , é‘
A Complex System
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The Great Barrier Reef — a complex system
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CSIROQO's algorithm for complex inland-coastal to
ocean waters

Step 1 Atmospherlc correction

 based on inverse modelling

~ of radiative transfer simulations and Artificial Neural
' Network (ANN) inversion

(Schroeder et al., 2007a, 2007b, IJRS)

||| Step 2: Water constltuent retrleval algorithm )r

' based on adaptive Linear Matrix Inversion (aLMI) of a semi-

~analytical model with a variable Specific Inherent Optical

:‘:‘:‘:‘;‘;‘ Property(SIOP) parameterization

' (Brando et al., Applied Optics, accepted pending revisions) )
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attenuation (AC-9)
Temperature, salinity (CTD)
Optics (RAMSES-Trios)

CSIRO Overview Estuarine and Coastal Remote Sensing in Australia



An SIOP-Adaptive Matrix Inversion Method
sensor agnostic-works across inland to estuarine and ocean waters

Principle water constituents retrieval

Linear Matrix Inversion (LMI)

Loop over selected SIOP sets
In-situ SIOP set

APy, Sa,cDOM, ANAPs Sa,NAP; bi,pm; Sp,PHY 5 b}iNAP; Sp,NAP]

v
[ C = f(Rumas, SIOPSs)
MEAS
v
Ryvoper, = f‘l(O, SIOPS)
v
AR = (RyvopeL — RvEAS)

Select concentrations from SIOP set with best optical closure ‘I”Il’
i
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GBR Report card based on MODIS (CLW)reer
Brando V., Dekker A. et al.

RESIIIS

Great Barrier Reef
First Report Card

Summary

Reef Water Quality Protection Plan
First Report
2009 Baseline

Queensiand
Government
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Marine results I
The effects of iiver discharge into the Great Bamier Reef are largely concentrated into inshore areas up fo 20 kilometres
from share. Higher than awerage wet season rainfallin the Great Bamier Reef catchment occurred between 2007 and 2008, l
particularly in the Burdekin River catchment. Manne results for 2008-2009 are presented fior seagrass, water quality and coral. l
@ Seagrass: Inshore ‘Water quality: Inshore wale

seagrasses are in moderate - @ quality is moderate overall.
condiion. Seagrass abundance ! Concentrations of total suspended |
is moderate and has dedined f sofids range from poor (Burdekin
ouer the past five to 10 years, & % and Mackay Whitsunday regions) |
associated with excess nuirients.
The number of reproductive %
siruciunes is poor or very poor in
four of the six regions, indicating icides Fasitite |
limited resilience to disturbance. % j at low concenirations, are a
. significant cause for concem. I
Coral W'very goad Of parficular concem is fhe
Waters within 20 kilometres of il potential for compounding |
the shore are at highest risk of B Ponr effects that these chemicals I
degraded water quality. These Wiery posr have on the health of the inshore
eight per cent of the Great Coral: Most mshore reefs are dielvered with other water quality
Bamier Reef Marine Park. but in good or moderabe condition, palutanis during fiood events. |
support significant ecosystems lbased on coral cover, macroalgal
as well as recreation, tourism abundance, setilerment of lanval corals l
and fisheries. and numbers. of juvenile corals. Most
inshare reefs have either high or | |

in fhe Burdekin regon are mosily in
oo comdition. R

fhytoplankton blooms §

Water quality: chlorophyll a and suspended solids

Chlorophyll a is used as an indicater of nutrient leads in

the marine system. Data analysed from satellite imagery
showed that inshore waters in the Wet Tropics and Burdekin
regions had elevated concentrations of chlorophyll a over the
monitoring period (Table 5.9).

The satellite data also showed that highest concentrations
of suspended solids were recorded at inshore areas of the
Cape York, Burdekin and Mackay Whitsunday regions. High
concentrations of suspended solids were also recorded in
midshelf and offshore waters in the Mackay Whitsunday
regicn. It should be noted that the Cape York remote sensed
water quality data requires further validation.

Table 5.9 - Summary of the exceedance of mean annual chlorophyll a and
non-algal particu late matter as a measure of suspended solids
using remote sensing data (retrieved from MODIS AGUA) for
the inshore, midshelf and offshore waterbodies (1 May 2008

30 April 2009),
Chiorophyll &: relative Suspended solids: relafive
area (%) of the waterbody | area (%) of the waterbody
where the annual mean where annual mean value
value exceeds the water exceeds the water quality
quality guideline value guideline value

Cape York 41 2 0 55 39 13
'Wet Tropics 57 9 0 41 13 12
Burdekin 54 1 0 85 5 3
Mackay

Whitsunday 24 3 0 74 42 50
Fitzroy 35 2 [i] 35 2 0
Burnett Mary a7 2 0 13 2 3




MERIS Applications [Proc .2]

(based on David Blondeau-Patissier's PhD thesis)

&
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Detection and Quantification of Algal Blooms
Dynamics in the Great Barrier Reef Lagoonal Waters

Using Remote Sensing and Bio-Optics.

David M. BLONDEAU-PATISSIER
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Introduction

Multi-annual monthly Chlorophyll (MERIS) FUB

Method

Summary
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David Blondeau-Patissier, CLW Divisional Seminar, 28t September 2011 Phytoplankton blooms in the GBR waters



2010

Introduction
Method

Latitude-time plots

Summary
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Introduction
Method

Clustering the Great Barrier Reef waters

Summary

5 Coral Sea
B Oligotrophic Lagoon (Offshore)
3 Midshelf

BB Open coastal
1 Estuarine (Enclosed coastal)

K-means clustering results
based on 12 monthly-means

Chlorophyll-a maps.

Townsville
Burdekin river

Broad Sound

Fitzroy river

plankton blooms in the GBR waters



Introduction

Method

Example: the oligotrophic lagoon cluster

Summary

5 Coral Sea
BE Oligotrophic Lagoon (Offshore)
3 Midshelf

BB Open coastal
1 Estuarine (Enclosed coastal)

Oligotrophic cluster
*More responsive to environmental forcings

*Hypothesis was that the blooms were short
lived.

Broad Sound

Fitzroy river W8

toplankton blooms in the GBR waters



Introduction

RESIIIS

Summary

Three MERIS algorithms for algal blooms

|
1. Chlorophyll —a: in-water algal blooms, up to ~50 mg.L"1

.
2. Fluorescence Line Height: in-water algal blooms, up to ~5 mg.L?
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Method

Latitude-time plots of Chlorophyll
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Results
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'I Latitude-time plots of Surface blooms Method
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Method

Summary
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Clustering the Great Barrier Reef waters

Summary

I Oligotrophic Lagoon (Offshore)
3 Midshelf

Coral
The oligotrophic waters cluster vs. Mids

waters cluster.

Broad Sound

Fitzroy river ¥&

plankton blooms in the GBR waters



Results
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Algorithm Specific Requirements Effective

Operationalisation EO-

* Robust algorithms for primary information products:
» Chlorophyll, Phaeophytin (&CP-Cyanin & CP-Erythrin)
» Phytoplankton Functional Types?
» Suspended matter
« Particle Size Distributions?
» Coloured dissolved organic matter
» Transparency & turbidity as vertical attenuation of light (k)
 Corrections for bottom effects?
 Robust methods for assimilating this data into information
products:
 Eutrophication/compliance
« Sediment loads/compliance
Primary Productivity
Flood Plume
Algal Bloom

« ??Coral Bleaching?? (needs 3-D water column and substratum
analysis = more complex)

CSIRO



Processing Transfer — Nationally Consistent Archive

National Computational Infrastructure
(NOAA-AVHRR-SeaWiFS,MODIS-MERIS)

make PDS_to_L1B_archive MAM.sh

Download

7= //

| Write naw ‘Se-aDAS anvironrmen lﬁle |

[ Suur\:e hell |
==
. « 1492 nodes in Sun X6275 blades, each containing:
Two quad-core 2.93GHz Intel Nehalem CPUs
o 24-48 GBytes DDR-1333 memory
P e T « Peak theoretical performance of ~140 TFlops
Rename L1A, GEO & L1B a= per convention
w::emm . Total of 37 TBytes of RAM on compute nodes
« Approx 800 TBytes of usable global storage
Bl £ B National o ;
W 0 Facility °-. ?

it .ncl.org.au

National Computational Infrastructure




Australia’s (scientific) end user requirement
MERIS: L1P full archive (on disk) and then update via ftp

SENTINEL-3: DB?

make PDS_to_L1B_archive MAM.sh

Download

7= //

| Write naw ‘Se-aDAS anvironrmen lﬁle |

[ Suur\:e hell |
==
. « 1492 nodes in Sun X6275 blades, each containing:
Two quad-core 2.93GHz Intel Nehalem CPUs
o 24-48 GBytes DDR-1333 memory
P [ . Peak theoretical performance of ~140 TFlops
Rename L1A, GEO & L1B a= per convention
w::emm . Total of 37 TBytes of RAM on compute nodes
« Approx 800 TBytes of usable global storage
N | National :fe®

o B Facility °-.

it .ncl.org.au

National Computational Infrastructure



Hf" IMOS Data Aggregator - specify data requirements - SeaMonkey :,\

:} File Edit View Go Bookmarks Tools Window Help
@ [remwmmecr NEP://WWW.marine.csiro.au/remotesensing/imos/aggregato
r.ntm

N® IMOS Integrated M:\IIMOS Integrated Marine Observing System

Australian Oce Australian Oceans Distributed Active Archive Centre
HELP

Select a Dataset and Product

| All Datasets -

--Select a Product-- j

Select an Area, Date Range and optional Time Range

Click on the map to set two markers defining
the corners of an area. All markers are

)

' - [“ap_ raelielrerran]] <ra95ebl.

n

Longitude I E | E

Latitude | N | N

Clear region: (GEEE

Date and Time Ranges

To:
Dates (yyyymmdd):

N
Optional Times :
(hhmm): l e l

Select Data Format & HDFfile © NetcDFfile { ASCIIText { Alist of OpenDAP URLs

CREATE-DATA (Please be patient, it may take a while for your data to be prepared)

I (2 & B |pone =



Australia: towards an aquatic ecosystems Earth

Observation System: Water Quality

* For (actual) end-users (= not ESA UCM community)
water quality information needs to be packaged into
manageable format before it shall be adopted

 SOE in Australia was knowledgeable about earth
observation of coastal and marine systems —

« Hovmoller plot made it feasible to incorporate 5 years of
trends and anomalies into total of 5 pages of SoE
discussion for coasts and oceans Australia.

« Continuity of data and information provision crucial!
(requires smooth transition MODIS to VIIRS; MERIS -
SENTINEL-3 OLCI)

CSIRO




Australia: towards an aquatic ecosystems Earth

Observation System: All applications:

Using MODIS now & MERIS (when proc.3 archive is available), VIIRS and
Sentinel-2 and 3 in future as core missions (augmented by high spatial
res sensors)

« Shoreline erosion and flooding
« Supratidal (from the mangrove and saltmarsh via the intertidal to the subtidal)
* Intertidal zone extent (HAT to LAT)
» Bathymetry
« Emergency management
* Oil & Chemical Spill Response Atlas

» Erosion Budgets
» Effect of land-use changes on run-off

« Eutrophication- Nutrients Fluxes & Budgets
» Inland waters, bays and estuaries to coral reefs
« Bathymetry, habitat, water quality
» Carbon Fluxes & Budgets
» Land to sea fluxes and reservoirs (coastal wetlands)
* Hydrodynamics, salinity tracer
* National Environmental Accounts

» State of Environment reporting
» National Environmental Accounting

* Fisheries

CSIRO Overview Estuarine and Coastal Remote Sensing in Australia




Australia: towards an aquatic ecosystems Earth

Observation System: All applications:

Using MODIS now & MERIS (when proc.3 archive is available), VIIRS and Sentinel-2
and 3 in future as core missions (augmented by high spatial res sensors)

» Shoreline erosion and flooding
» Supratidal (from the mangrove and saltmarsh via the intertidal to the subtidal)
* Intertidal zone extent (HAT to LAT)
* Bathymetry

« Emergency management
* Oil & Chemical Spill Response Atlas

* Erosion Budgets
» Effect of land-use changes on run-off

» Eutrophication- Nutrients Fluxes & Budgets
* Inland waters, bays and estuaries to coral reefs
» Bathymetry, habitat, water quality

» Carbon Fluxes & Budgets
» Land to sea fluxes and reservoirs (coastal wetlands)
* Hydrodynamics, salinity tracer

* Fisheries

National Environmental Accounts

« State of Environment Reporting
* National Environmental Accounting

CSIRO Overview Estuarine and Coastal Remote Sensing in Australia




Wrap-Up

Sincere thanks to ESA CoastColour for being “global”.
Keep this Coastal COP going! Add inland waters!

Arnold.Dekker@csiro.au
Thomas.Schroeder@csiro.au

Some recent publications of interest to ESA-CC community:

Bouma, J., Kuik, O. and Dekker, A.G. (2011) Assessing the value of Earth
Observation for managing coral reefs: An example from the Great
Barrier Reef; Science of the Total Environment, Vol. 409, Issue 21, pp 4497-
4503. DOI 10.1016/j.scitotenv.2011.07.023.

Dekker A.G., Phinn S.R., Anstee J.M., Bissett P. Brando V.E., Casey B. Fearns P.,
Hedley J., Klonowski, W., Lee Z.P., Lynch M., Lyons M., Mobley C. and
Roelfsema C. (2011) Intercomparison of shallow water bathymetry,
hydro-optics and benthos mapping technigues in Australian and

Caribbean coastal environments; Limnology & Oceanography Methods.
Yol 9:pp 396-425
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