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What Information do Managers Need (from Optical 

Remote Sensing) in Aquatic Ecosystems? 

• Status, Condition and Trend & Anomalies: 

• Status (survey, classify and map) 

• what is where? (=99%of 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?) 
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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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•Water types: 

Coastal 

Estuarine  

Reef waters  

The Great Barrier Reef: 

A Complex System 

Blondeau-Patissier, Brando, Dekker et al. (2009), Bio-optical variability of the absorption and scattering 

 properties of the Queensland inshore and reef waters, Australia, JGR, 114 

NRM 2010 Zoning 

Reef 

Estuarine 

Coastal 

Midshelf 
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The Great Barrier Reef – a complex system 

N=129 

Introduction 

Method 

Results 

Summary 

Standard 

algorithms 

Non algal particulate 

Coloured dissolved 

organic matter Phytoplankton 
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Absorption of phytoplankton (Lab CMAR) 

Absorption of non-algal particulate matter 

(Lab CMAR) 

Absorption of CDOM (Lab CMAR) 

TSM, CHL (Lab CMAR) 

Particulate back-scattering (HydroScat-6) 

Dissolved plus particulate absorption and 

attenuation (AC-9) 

Temperature, salinity (CTD) 

Optics (RAMSES-Trios) 

Hydroscat-6 

AC-9 

RAMSES 

CTD 

Step 1: Atmospheric correction  

based on inverse modelling 

of radiative transfer simulations and Artificial Neural 

Network (ANN) inversion 

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

Step 2: Water constituent retrieval algorithm 

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) 

CSIRO's algorithm for complex inland-coastal to 

ocean waters 
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An SIOP-Adaptive Matrix Inversion Method 

sensor agnostic-works across inland to estuarine and ocean waters 
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GBR Report card based on MODIS (CLW) 

             Brando V., Dekker A. et al. 

 Introduction 

Method 

Results 

Summary 



MERIS Applications [Proc .2] 

(based on David Blondeau-Patissier’s PhD thesis) 
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Multi-annual monthly Chlorophyll (MERIS) FUB 

Introduction 

Method 

Results 

Summary 

March2009 
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Latitude-time plots 

Introduction 

Method 

Results 

Summary 
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Coral 

Sea 
K-means clustering results 

based on 12 monthly-means 

Chlorophyll-a maps. 

Cape York 

Cairns 

Burdekin 

Mackay 

Fitzroy 

Clustering the Great Barrier Reef waters 

Introduction 

Method 

Results 

Summary 
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Example: the oligotrophic lagoon cluster 

Introduction 

Method 

Results 

Summary 

Oligotrophic cluster 

•More responsive to environmental forcings 

•Hypothesis was that the blooms were short 

lived. 
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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-1 

 

3. Maximum Chlorophyll index: surface algal blooms or >30 mg.L-1 

Three MERIS algorithms for algal blooms 

Introduction 

Method 

Results 

Summary 

MERIS 
MODIS 

Increase 

Decrease 
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Chlorophyll-a, Lagoon (mg.m-3) 

Latitude-time plots of Chlorophyll 

Introduction 

Method 

Results 

Summary 

1. Chlorophyll-a: in-water algal blooms, up to ~50 mg.L-1 
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Fluorescence, Lagoon (mW.m-2.sr-1.nm-1) 

Latitude-time plots of Fluorescence 

Introduction 

Method 

Results 

Summary 

2.Fluorescence: in-water algal blooms, up to ~5 mg.L-1 
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Surface blooms, Lagoon (counts) 

Latitude-time plots of Surface blooms 

Introduction 

Method 

Results 

Summary 

3. Maximum Chl.  Index: surface algal blooms,>30 mg.L-1 
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Surface blooms, Lagoon (counts) 

Latitude-time plots of Surface blooms 

Introduction 

Method 

Results 

Summary 

Sea Surface Temperature (deg.C) 

3. Maximum Chl.  Index: surface algal blooms,>30 mg.L-1 
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Coral 

Sea 
The oligotrophic waters cluster vs. Midshelf 

waters cluster. 

Clustering the Great Barrier Reef waters 

Introduction 

Method 

Results 

Summary 
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Phytoplankton dynamics: Lagoon vs shelf 

Introduction 

Method 

Results 

Summary 

Chlorophyll-a, Shelf (mg.m-3) 

Chlorophyll-a, Lagoon (mg.m-3) 

Shelf 

Lagoon 
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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 (kd) 

• 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) 

 



Processing Transfer – Nationally Consistent Archive 
National Computational Infrastructure 

(NOAA-AVHRR-SeaWiFS,MODIS-MERIS) 

 1492 nodes in Sun X6275 blades, each containing:  

    Two quad-core 2.93GHz Intel Nehalem CPUs 

    24-48 GBytes DDR-1333 memory  

 Peak theoretical performance of ~140 TFlops  

 Total of 37 TBytes of RAM on compute nodes  

 Approx 800 TBytes of usable global storage 



Australia’s (scientific) end user requirement 

MERIS: L1P  full archive (on disk) and then update via ftp 

SENTINEL-3: DB? 

 1492 nodes in Sun X6275 blades, each containing:  

    Two quad-core 2.93GHz Intel Nehalem CPUs 

    24-48 GBytes DDR-1333 memory  

 Peak theoretical performance of ~140 TFlops  

 Total of 37 TBytes of RAM on compute nodes  

 Approx 800 TBytes of usable global storage 



http://www.marine.csiro.au/remotesensing/imos/aggregato

r.html 
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• 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) 

Australia: towards an aquatic ecosystems  Earth 

Observation System: Water Quality 
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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 
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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 
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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: 
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Vol 9:pp 396-425 
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