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Executive summary 

 
The Marine Water Quality system began operating over the Great Barrier Reef region on 
22 October 2013. It was released to the Bureau’s website for public use in March 2014. The 
Bureau developed the Marine Water Quality system for the eReefs project with additional 
funding from the National Plan for Environmental Information initiative. The system is based 
on more than 10 years of research by the Commonwealth Scientific and Industrial Research 
Organisation (CSIRO). Its core purpose is to produce accurate estimates of water quality 
indices within the optically complex and shallow waters typical of the Great Barrier Reef.  
 
The system uses space-based observations from the MODerate resolution Imaging 
Spectrometer (MODIS) on board the NASA Aqua satellite. These observations are 
processed using NASA’s SeaWIFS Data Analysis System (SeaDAS) and a CSIRO-
developed ocean colour data processing package to produce the Marine Water Quality 
Indices. 
 
The indices are measures of: 

• chlorophyll-a concentration: a proxy for the concentration of microscopic 
phytoplankton (algae) in the water. Elevated concentrations are often taken as a 
sign of elevated macro-nutrient concentrations that are typically associated with land 
runoff and excess fertiliser or ocean upwelling of nutrient-rich waters; 

• suspended sediment concentration (non-algal particulates): suspended sediments 
cloud the water column, and are often highest after heavy rainfall. Elevated 
suspended sediment concentrations in the Great Barrier Reef lagoon are often a 
sign of nearby farmland overgrazing, as runoff is usually higher from bare ground; 

• coloured dissolved organic matter concentration: this is largely sourced from 
terrestrial plant material, such as tannins, that is carried into the Great Barrier Reef 
lagoon along with suspended sediments in runoff, and is often highest during and 
after heavy or prolonged rainfall. Coloured dissolved organic matter absorbs light 
much like chlorophyll. Unlike suspended sediments, which tend to settle out, it 
remains dissolved in the water column for longer, so is a good marker of the fresh 
water input to the Great Barrier Reef; 

• diffuse attenuation coefficient (Kd): this is a measure of light penetration into the 
water column, which provides information on the amount of light reaching the 
seafloor, and so reaching coral and seagrass. 

 
Daily maps of each index are calculated, along with differences to a climatology calculated 
from the past 10 years of indices, and each index is compared with annual and seasonal 
(wet/dry) threshold values, which are derived from the water quality guidelines for the Great 
Barrier Reef published by the Great Barrier Reef Marine Park Authority (GBRMPA, 2010). 
 
These data allow managers and researchers to better manage the complex factors that 
affect water quality in the Great Barrier Reef. Data from July 2002 onwards are available via 
the eReefs Marine Water Quality Dashboard (www.bom.gov.au/marinewaterquality/). 
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1 Introduction 

The Great Barrier Reef World Heritage Area hosts one of the most biodiverse and natural habitats 
on the planet, extending from latitude 10°S to 24°S along the north east coast of Australia. Due to 
its size and complexity, managing the Great Barrier Reef is a challenging task that benefits from 
high-quality spatial and temporal water quality measurements, which are best accessed using 
satellite remote sensing. Optical properties, such as light absorption, scattering and backscattering, 
can be derived from remotely sensed radiometric data, and can be used to determine marine water 
quality indicators like the concentrations of chlorophyll, coloured dissolved organic matter and non-
algal particulate matter. 
 
CSIRO studies in the Fitzroy River and the Mossman–Daintree catchments have shown that the 
NASA global ocean colour algorithms are inaccurate in most of the Great Barrier Reef 
(Brando et al., 2011). The reef is characterised by a wide range of waters types and complex optic 
properties. This complexity is compounded by environmental factors, such as river runoff of 
sediment from tropical catchments, heavy rain, tide and wind, which all mix the water column, and 
affect the region’s optical properties (Figure 1). These unique conditions require specific regional 
algorithms to improve the accuracy of remotely sensed water quality estimates. 
 
CSIRO developed specific physics-based inversion algorithms that use measurements specific to 
the region to improve the accuracy of the Great Barrier Reef water quality estimates. These were 
designed to use the spectral information provided by the NASA Moderate Resolution Imaging 
Spectrometer (MODIS) sensor aboard the Aqua satellite. They were adapted for, and are used by, 
Bureau of Meteorology systems. 

Figure 1: Overview of the Marine Water Quality process (see text for description) 
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2 System summary 

The Marine Water Quality Dashboard provides four main marine water quality indices—the 
chlorophyll-a concentration, the absorption coefficient of coloured dissolved organic matter, the 
absorption concentration of non-algal particles (also known as total suspended solids), and the 
diffuse attenuation coefficient at 490nm (Kd490). 
 
These products are derived from cloud-free daytime imagery acquired by the Moderate Resolution 
Imaging Spectrometer (MODIS) on board the NASA Aqua satellite. The satellite is in polar-orbit 
about 800 km above the Earth’s surface, and provides a revisit time of one to two days. The 
MODIS channels used to retrieve Marine Water Quality Indices have a spatial resolution of about 1 
x 1 km at nadir, increasing with sensor-view angle to about 4 x 4 km at the edge of the 2300 km 
swath. 
 
MODIS imagery is processed using the NASA developed SeaWiFS Data Analysis System 
(SeaDAS) and the Bureau’s operational implementation of the CSIRO Research Ocean Colour 
data processing package to obtain NASA standard products. These outputs are processed by an 
Artificial Neural Network (ANN, see Schroeder et al., 2007) to perform a tailored atmospheric 
correction. These corrected observations are then used by an Adaptive Linear Matrix Inversion 
(aLMI, see Brando et al., 2012) package to obtain estimates of in-water optical properties and 
concentrations of optically active constituents—the Marine Water Quality Indices. 
 
The retrievals are reprojected from satellite view onto a cartographic projection (Federal 
Geographic Data Committee, 1998) and composited to provide daily maps of the Marine Water 
Quality Indices. These are used to create weekly, monthly, six-monthly (seasonal) and annual 
maps of indices statistics. Climatological fields are also generated so that anomaly fields and zone 
statistics can be calculated for a set of regions within the Great Barrier Reef Marine Park. 
 
The quality of the composites and statistics rely on the quality of the original MODIS observations 
and the processes applied to them. A simplified quality indicator is used to ensure the data 
produced are valid and of the highest possible quality. 
 
The points below show a summary of functionality: 

1. Raw satellite data is calibrated and has the geolocation of each pixel calculated (Level 0 to 
Level 2). 

2. Next, an Artificial Neural Network is used to remove the effect of the atmosphere to recover 
the spectrum of light leaving the water. 

3. Next, an adaptive Linear Matrix Inversion (LMI) is used to calculate the concentrations of 
the water quality contributions. 

4. Next, data from multiple satellite passes are combined to form a composite file relevant to 
the Great Barrier Reef 

5. Finally, composite maps and regional summary files are calculated for analysis and display 
in the eReefs Marine Water Quality Dashboard.  

2.1 Level 0 to Level 1B 

The Bureau of Meteorology receives MODIS Aqua satellite data in real-time. This data is classed 
as Level 0 (L0) data, and consists of raw digital signal counts in the satellite’s native binary format.  
This data is then combined with attitude and ephemeris data to geolocate the dataset and produce 
top of the atmosphere radiance data—classed as Level 1B (L1B) which is stored in hierarchical 
data format (hdf, version 4). 
 
At the instant the satellite observations are recorded, only a predicted satellite geolocation is 
available. It takes 12 to 24 hours before a more definitive result is available, which is produced by 
calibrating observations to known positions on the earth’s surface. The Bureau uses the predicted 
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geolocation for the Marine Water Quality near real time products (generally within 250 metres of 
the definitive). The definitive geolocation is used in any reprocessing. 
 
Sensor calibration is done using NASA lookup tables within the SeaDAS. Checks for updates to 
these lookup tables occur daily, but they generally only change every few months, with major 
lookup table revisions leading to new releases of SeaDAS software packages. 

2.2 Level 1B to Level 2 

The Level 1B data are input to the SeaDAS package to generate the level 2 products needed for to 
create the Marine Water Quality Indices. 
 
SeaDAS is used to produce the following spectrally resolved (at 412nm, 443nm, 488nm, 531nm, 
547nm, 667nm, 678nm, 748nm, 869nm) Level 2 products using the standard NASA algorithms:  

• top of atmosphere radiance; 

• solar irradiance at the sea surface; 

• water leaving radiance; 

• normalised water leaving radiance; and  

• remote sensing reflectance—the sea surface reflectance defined as the ratio of water-
leaving radiance to surface irradiance.  

 
The following non-spectrally resolved products are also used: 

• chlorophyll concentration using the normal empirical, carder, oc3, and gsm methods; 

• phytoplankton absorption coefficient at 443nm using the qaa, carder, and gsm methods; 

• a particulate backscattering coefficient at 547nm using the carder, gsm, qaa methods; 

• a diffuse attenuation coefficient at 490nm; 

• standard Level 2 processing error flags; 

• sea surface temperature, its bias, standard deviation, and quality flags; and 

• an estimate of instantaneous photosynthetically active radiation, ozone, pressure, solar 
zenith angle, sensor zenith angle, solar azimuth angle, and sensor azimuth angle.  

 
As the atmospheric correction and computed reflectance data and many of the other derived 
products produced by the SeaDAS package are inaccurate in the waters of the Great Barrier Reef, 
they are used as ancillary fields and benchmarks to calculate improved Marine Water Quality 
Indices. 

2.3 Atmospheric correction 

The next stage of processing is the conversion of the SeaDAS generated top of atmosphere 
radiances into atmospheric corrected remote sensing reflectance and an estimate of the optical 
thickness of the atmosphere. 
 
This atmospheric correction uses an Artificial Neural Network developed by CSIRO specifically for 
optically complex waters like the Great Barrier Reef, as it is much faster than doing direct 
calculations. The Artificial Neural Network does not perform many calculations directly, instead its 
internal parameters have been adjusted to return optimum results based on information provided 
by a set of training parameters. As a result, the closer a set of input data is to the set of training 
parameters the closer the output is to the direct calculation output. 
 
Further technical details are available in Appendix 1: Detailed description of the Artificial Neural 
Network calculations and training. 

2.4 Adaptive Linear Matrix Inversion (aLMI) 

The adaptive Linear Matrix Inversion (aLMI) is a key step in the data processing component of the 
Marine Water Quality system. The aLMI produces chlorophyll concentration, coloured dissolved 
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organic matter concentration, non-algal particulate matter concentration, Secchi disk depth, and 
diffuse attenuation coefficient (Kd490) from remote sensed reflectance data. The exact methods 
are described in Brando et al. 2012. 
 
Linear Matrix Inversion is a method for retrieving the concentrations of optically active components 
(these are the Marine Water Quality Indices) that was originally applied by Hoogenboom et al. 
1998. The theory is based on the fact that Inherent Optical Properties are wavelength dependent 
but the concentrations of the Marine Water Quality Indices are not, and so can be solved for. 

2.4.1 Theory of operation 

The aLMI uses a simple forward model to describe the relationship of ocean colour 
radiometry (in our case remote sensed reflectance; Rrs) to the Inherent Optical Properties of 
seawater, which are derived from the concentration of Marine Water Quality Indices and the 
physical properties of the seawater. The model will not be defined in detail here but can be 
found in Brando et al. 2012. The forward model is inverted using aLMI to extract the 
concentrations of the indices. To do this, it is assumed that the specific backscattering and 
absorption coefficients of the sample are contained within one of several specific Inherent 
Optical Property look up tables provided by CSIRO. The purpose of using multiple specific 
Inherent Optical Property sets is to capture the full range of optical variability that could occur 
in the region of interest. The aLMI calculation is done for each set that the system is provided 
with. The sets used for the Marine Water Quality system were measured by CSIRO on the 
Great Barrier Reef during September 2003, August 2004, and August 2005 at areas shown 
in Figure 2. 
 
The estimated concentrations of Marine Water Quality Indices derived from each aLMI 
calculation are substituted back into the forward model to estimate remote sensed 
reflectance (Rrs_LMI). Rrs_LMI is then compared with the remote sensed reflectance 
measured by the satellite for each specific Inherent Optical Property set. The concentrations 
of Marine Water Quality Indices from the specific Inherent Optical Property set that produced 
the Rrs_LMI closest to the satellite measure remote sensed reflectance is classed as the 
best, and is output, along with the optical closure or cost of the model, as the result of the 
aLMI. The optical closure variable has the ranges outlined in Table 1 below: 

 

Table 1: Adaptive Linear Matrix Inversion distance to optical closure variables (dR_MIM) ranges 

and definitions. 

dR_MIM Range Definition 
dR_MIM > 0.2 A spectra from the field was found, but there is significant difference.  

This is considered a failure of the routine. 

0.1 < dR_MIM < 0.2 A spectra from the field was found, but the agreement is considered 

moderate 

dR_MIM < 0.1 A spectra from the field was found, and the agreement is good. 
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2.5 Quality level 

The quality of any composites or statistics produced by the Marine Water Quality Indices suite 
relies on the quality of the MODIS observations used to produce them. To assess the quality of the 
products produced, a simplified quality indicator has been developed. The eReefs Marine Water 
Quality Dashboard Data Processing Specification document describes the calculation of quality 
metrics used by the Marine Water Quality suite in great technical detail. This section presents a 
brief overview of how a quality level is assigned, and the definitions of those levels. 
 
A simplified quality indicator, combining observation (from the SeaDAS level 2 flags) and retrieval 
(from the neural network flags and the adaptive linear matrix inversion distance to optical closure 
variables) quality indicators, provides an overview of the quality of an observation/retrieval. The 
original fields upon which this assessment is made are still available for users to interrogate, if 
needed.  
 
The decision tree used to create a combined observation and retrieval quality indicator is shown in 
Figure 3. The resulting quality level (quality_level, q) can take seven values, outlined in Table 2. 
Note that quality level information is only available for data from a single day. Each pixel is marked 
with a quality level from –1 to 5, where level 5 is the best quality.  
 
The final quality level and their definitions are outlined in Table 2 below: 

Figure 2: Sampling area studied between October 2002 and September 2005 (modified 

from Blondeau-Patissier et al. 2009) 
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Table 2: Marine Water Quality levels and their definitions 

Quality level Definition 
–1 Sea surface temperature quality is bad, bad or poor navigation, or 

land pixel 
0 Observation is probably affected by ice or cloud 
1 Observation is considered poor quality due to high sun glint, stray 

light contamination, high solar zenith angle, high sensor view zenith 
angle, or very low water-leaving radiance (probably cloud shadow) 

2 MIM retrieval failure dR_MIM > 0.2 
3 MIM retrieval moderate 0.1 < dR_MIM < 0.2 
4 Observation moderately affected by moderate sun-glint 

contamination or the observed radiance is very high or saturated 
5 Best quality—no known issues with observation or retrieval. 
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Figure 3: Decision tree applied to each Marine Water Quality observation/retrieval to determine 

its integrated quality level 
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2.6 Data stitching 

All processing until this point is performed on satellite swath data that has been broken into five 
minute sections, known as granules. All daylight granules collected on the same day are stitched 
together to form one coherent image across the region bounded by the rectangle with the lower-left 
coordinate 142°E, 25.5°S and the upper-right coordinate 156°E, 9.5°S, which encompasses the 
Great Barrier Reef Marine Park. The eReefs Marine Water Quality Dashboard Data Processing 
Specification document describes the data stitching process used by the Marine Water Quality 
suite in great technical detail. This section presents a brief overview of how images are re-gridded 
and how overlapping pixels are handled. 
 
Each five minute granule and its associated data (such as quality flags) are reprojected onto the 
grid specified in the Data Product Specification (Australian Bureau of Meteorology, 2014) using the 
nearest neighbour method from the pyresample software (https://code.google.com/p/pyresample/). 
 
At each location within this output grid, all observations that fall within a grid cell are collected. This 
subset of observations is then examined to determine the observations with the highest quality 
level; this is set as the output grid cell's quality level. The subset is examined again, and only those 
observations with a quality level equal to that of the grid cell's are selected. The mean of the 
observations within this further subset is used to represent the grid cell's value.  
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3 Marine Water Quality products 

The daily data products are used to create weekly, monthly, six-monthly (seasonal) and annual 
maps of Marine Water Quality Indices statistics and climatological fields that enable the calculation 
of anomaly fields. In adition to the full map statistics, composites, and climatologies, aditional zonal 
statistics are calculated for a series of predefined regions within the Great Barrier Reef Marine 
Park. A detailed description of these zones is provided in the eReefs Marine Water Quality 
Dashboard Data Processing Specification document. This section provides a brief outline of each 
of the mapped derived products. 

3.1 Marine Water Quality counts of observations 

Over the course of a single day some portions of the Great Barrier Reef Marine Park might not be 
observed by the satellite—for example, when the ocean surface is obscured (by clouds, sun glint, 
etc) or the satellite orbit doesn’t pass over the entire extent of the Great Barrier Reef. This leads to 
some level of sampling bias, so it is important to ensure that the number of observations used in 
the compositing process is retained so that statistical significance can be calculated and assigned. 
 
The number of observations at each pixel is calculated and stored as <MWQI>_n_obs in the final 
netCDF file, where <MWQI> refers to the product being counted (for example, chlorophyll would be 
=  Chl_MIM_n_obs). See the eReefs Marine Water Quality Dashboard Data Processing 
Specification document for specific technical details. 
 
Additional data on the number of observations that are recorded as obscured by cloud (quality flag 
= 0; Figure 3) is also recorded during this calculation step. See the eReefs Marine Water Quality 
Dashboard Data Processing Specification document for details. 

3.2 Multi-day Marine Water Quality Indices composites and climatologies 

Weekly, monthly, six-monthly (seasonal) and annual composite maps of the Marine Water Quality 
Indices are produced along with anomaly fields. Decisions around averaging methods and data 
quality selection criteria were required to calculate these fields in a robust way. If the most stringent 
quality criteria were applied and only the highest quality pixels were used, the resulting spatial 
coverage would be significantly limited, and would have an adverse impact on deriving statistics in 
the temporal domain. Similarly, if the quality criteria are too lax, the uncertainty of the final products 
would increase, again limiting the utility of the dataset. So to find a suitable compromise and still 
maintain as high level of spatial and temporal coverage as possible, only pixels with a quality level 
higher than 2 are included in the computation of composite maps and statistics. As per Table 2, 
retrievals with a quality level higher than 2 have a dR_MIM < 0.2, but the input observation might 
have been affected by moderate sun glint contamination or the observed radiance might be very 
high (not uncommon in the coastal zone). 

3.2.1 Composite maps 

The Bureau produces weekly, monthly, and yearly composites for all Marine Water Quality 
Indices. All composites are constructed from the valid daily data collected within the relevant 
time period. 
 
At each location within the output grid, all observations from the period of interest that fall 
within a grid cell are collected. This subset of observations is then examined to determine the 
set of observations with quality level higher than 2. Descriptive statistics are calculated from 
this subset and assigned to this grid cell.  
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In addition to the standard temporal composites, the Bureau also produces a seasonal and 
annual composite designed specifically for the Great Barrier Reef Marine Park Authority. The 
seasonal product is broken down into the dry season map—which is a composite of the valid 
daily data collected between May and October—and the wet season map—which is a 
composite of the valid daily data collected between November and April. The Marine Park 
Authority annual composite is constructed from the valid daily data collected between May 
and April. 
 
See the eReefs Marine Water Quality Dashboard Data Processing Specification document 
for more specific details. 
 

3.2.2 Climatologies 

The production of climatologies is a two-step process, which is detailed in the eReefs Marine 
Water Quality Dashboard Data Processing Specification document. Only a brief overview is 
provided here. First, each field of the monthly composites corresponding to each calendar 
month are averaged to provide the mean climatological month for the period July 2002 to 
April 2012. Then the climatological median is calculated for the desired time period using the 
formula described below. This process is repeated for seasonal and annual periods.  
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ti and tn mark the bounds of year (y) and month (m).  

3.2.3 Anomalies 

An anomaly is something that deviates from what is normal or expected, and is a valuable 
component of the Marine Water Quality monitoring system. The Bureau calculates anomalies 
as the sum of all daily anomalies within the period of interest for each Marine Water Quality 
Index. The convention adopted here is that a positive anomaly field indicates that the 
observation is greater than the climatology. 

This process is detailed in the eReefs Marine Water Quality Dashboard Data Processing 
Specification document 

3.2.4 Descriptive statistics 

Multi-day composites allow for the calculation of various descriptive statistics, as there are 
usually multiple values per pixel across the given time period. The Bureau produces statistics 
of mean, median, minimum, maximum, variance and standard deviation at each pixel of all 
multi-day composite products produced. The number of observations, the number and 
percentage of cloud affected observations, and the number and percentage of valid 
observations (quality level higher than 2) are also calculated at each pixel.  

3.3 Generation of Marine Water Quality Indices regional summary statistics 

The Great Barrier Reef Marine Park Authority uses six management regions and three water 
bodies as defined in De’ath and Fabricius (2008). Regional summary statistics for each of these 
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regions and water bodies (6 + 3), their intersections (6 x 3), and the whole marine park (totalling 28 
regions of interest) are produced (Table 3). They provide simple summary statistics, the number of 
valid observations, the percentage of valid observations, the number of cloud covered pixel, and 
the percentage of cloud covered pixels, along with the number and percentage of observations 
within each region that are above the Authority’s seasonal and annual reef management 
thresholds. 

Table 3: Region descriptions and identification numbers used in the calculation of Great 

Barrier Reef Marine Park regional summary statistics 

Region Description Region ID Region Description Region ID 
Burdekin—inshore  0 Mackay–Whitsunday—offshore 14 
Burdekin—midshelf 1 Wet Tropics—inshore 15 
Burdekin—offshore 2 Wet Tropics—midshelf 16 
Burnett–Mary—inshore 3 Wet Tropics—offshore 17 
Burnett–Mary—midshelf 4 Inshore 18 
Burnett–Mary—offshore 5 Midshelf 19 
Cape York—inshore 6 Offshore 20 
Cape York—midshelf 7 Burdekin 21 
Cape York—offshore 8 Burnett–Mary 22 
Fitzroy—inshore 9 Cape York 23 
Fitzroy—midshelf 10 Fitzroy 24 
Fitzroy—offshore 11 Mackay–Whitsunday 25 
Mackay–Whitsunday—inshore 12 Wet Tropics 26 
Mackay–Whitsunday—midshelf 13 All zones 27 

3.3.1 Threshold fields 

Each Great Barrier Reef Marine Park Authority water body (Table 3) has an annual and a 
seasonal threshold for the main Marine Water Quality Indices parameters (Table 4). These 
threshold values are derived from the water quality guidelines for the Great Barrier Reef 
(GBRMPA, 2010) and the Reef Rescue Marine Monitoring Program (Brando et al., 2011). 
Currently the threshold values are defined for annual (May to April) and seasonal periods 
(dry: May to October; wet: November to April). 
 
The number of observations that have exceeded the annual and seasonal thresholds are 
calculated for each region and stored in the MWQI>_n_above_annual_threshold variable and 
in the <MWQI>_n_above_seasonal_threshold variable, respectively. A detailed description of 
the equations used to calculate these data can be found in the eReefs Marine Water Quality 
Dashboard Data Processing Specification document 

Table 4: Threshold values derived from the water quality guidelines for the Great Barrier Reef 

and the Reef Rescue Marine Monitoring Program  

Threshold type Shelf 
Product  Chlorophyll Non-algal particulate 

Coloured dissolved 
organic matter 

  Units  mg m
-3

 kg m
-3

 m
-1

 

  Source  GBRMPA GBRMPA CSIRO 
Annual Open coastal  0.45 2 0.2 

 
Midshelf  0.45 2 0.2 

 
Offshore  0.4 0.7 0.2 

Dry (May–Oct) Open coastal  0.32 1.6 0.2 

 
Midshelf  0.32 1.6 0.2 

 
Offshore  0.28 0.6 0.2 

Wet (Nov–Apr) Open coastal  0.63 2.4 0.2 

 
Midshelf  0.63 2.4 0.2 

 
Offshore  0.56 0.8 0.2 

 

3.3.2 Marine Water Quality regional summary files 

Simple summary statistics (minimum, maximum, median, mean, variance) are calculated for:  
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• each region (Burdekin, Burnett–Mary, Cape York, Fitzroy, Mackay–Whitsunday and 
Wet Tropics) (6 areas) (Table 3); 

• each zone within a region (Burdekin: Open Coastal, Burdekin: Midshelf, Burdekin: 
Offshore, etc) (6 x 3 areas) (Table 3); 

• each zone across the entire Great Barrier Reef (3 areas) (Table 3); and 

• the entire Great Barrier Reef (1 area) (Table 3). 

These statistics, for a total of 28 areas, are calculated from the related day / week / month / 
season / annual composite maps. Exact equations are shown in the eReefs Marine Water 
Quality Dashboard Data Processing Specification document. 
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4 eReefs Marine Water Quality Dashboard 

The eReefs Marine Water Quality Dashboard provides an interface to the Marine Water Quality 
data files. It is a webpage that enables basic visualisation and acquisition of the core Indices 
datasets of chlorophyll concentrations, coloured dissolved organic matter concentrations, and 
non-algal particle concentrations for each day of the year and for composite weeks, months, wet 
and dry seasons, and calendar years (for example, Figure 4 shows the chlorophyII concentration 
across the Great Barrier Reef during January 2013). 
 
Some additional products and composite periods produced by the system are not available through 
the eReefs Marine Water Quality Dashboard. For example, the alternative yearly composite from 
1 May to 30 April that is calculated to cover the Great Barrier Reef Marine Park Authority’s 
reporting period is not displayed through the dashboard. But the entire collection of composites 
and products are available through the eReefs Thematic Realtime Environment Distributed Data 
Service (THREDDS) data server. 
The eReefs Marine Water Quality THREDDS data server and its associated ERDDAP system can 
be found at: 

THREDDS: http://ereeftds.bom.gov.au/ereefs/tds/catalog/ereef/mwq/catalog.html 

ERDDAP: http://ereeferd.bom.gov.au/ereefs/erddap/index.html 

The eReefs Marine Water Quality Dashboard can be found at: 
www.bom.gov.au/marinewaterquality/ 

Dashboard users can explore the data in detail. For example, users can: 

• zoom in on regions of interest to investigate the location of an unusual value or plume; 

• interrogate single pixels and pop-up a window showing the details of that pixel and the 
value of the variable of interest at that point; 

• display a graph of the value of a pixel over a selected time period, by clicking on the 
graphic icon; 

• see the pre-calculated regional summary statistics for the Great Barrier Reef Marine 
Park by selecting the statistics view—Figure 4 shows an example of the area summary 
data for the Great Barrier Reef regions (Burdekin, Burnett–Mary, Cape York, Fitzroy, 
Mackay–Whitsunday and Wet Tropics) and three zones (open coastal, midshelf and 
offshore). 
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Figure 4 eReefs Marine Water Quality Dashboard main interface showing the 

median chlorophyll concentration area summary chart for January 2013 
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5 Marine Water Quality product performance 

This section briefly describes the current Marine Water Quality products performance, and 
describes any planned or expected system upgrades. 

5.1 Current product performance 

The performance of the current implementation of the Marine Water Quality system is presented 
below in Figure 5, in a property vs. property plot. Figure 5 shows that the current system performs 
well when compared against the current NASA global algorithms for the same region—the Root 
Mean Squared error and bias in the Marine Water Quality system plots is consistently lower than 
the NASA plots in Figure 5. This was a core goal of the eReefs Marine Water Quality project, and 
has been successfully achieved. For further information on the performance of each section of the 
system please see A pre-operational system for satellite monitoring of Great Barrier Reef Marine 
Water Quality by King et al. 

5.1.1 Current limitations 

Current Marine Water Quality product accuracy is highest for the most common conditions on the 
Great Barrier Reef, decreasing during extreme events, such as high sediment loads and large algal 
blooms. This is can be seen clearly in Figure 5 where the data points fall below the 1:1 line, 
showing a trend toward underestimation when chlorophyll concentrations exceed about 1.0 mg.m-3, 
total suspended matter concentrations exceed about 1.0 g.m-3, and coloured dissolved organic 
matter exceeds about 0.100 m-1. User discretion is advised when using these products during 
extreme events that greatly exceed these values. 

5.2 Planned upgrades 

The current Marine Water Quality system uses space based observations from the MODIS sensor 
on board the NASA Aqua satellite.  
 
This satellite has exceeded its life span, and is expected to run out of fuel and cease operation by 
2017.  
 
To ensure the ongoing operation of the system CSIRO is updating the Artificial Neural Network 
atmospheric correction model so that it can process the data from the next generation of ocean 
colour sensors—the Visible Infrared Imaging Radiometer Suite. This new model, and the products 
it will generate require a new round of verification to ensure their accuracy and continuity when 
compared with the current system.  
 
Unfortunately the historical archive of in situ observations that CSIRO used for the current system 
cannot be used for verifying the Visible Infrared Imaging Radiometer Suite sensor Marine Water 
Quality system, because the sensor was only launched in October of 2011, and most of the current 
archive was collected before then.  
 
So ongoing collection of in situ data is a high priority for the operational longevity of the Marine 
Water Quality system. CSIRO aims to source additional in situ data collected during extreme 
conditions (for example, chlorophyll >> 1.0 mg.m-3) and in more remote regions of the Great Barrier 
Reef to strengthen the accuracy of the system under these conditions and in these regions. This 
work will: result in the next generation of the system being more applicable to more water types; 
improve the applicability of the algorithms in the far north of the Great Barrier Reef region; and 
make the system more representative of the conditions that occur in both the dry and wet seasons 
across the whole Great Barrier Reef. 
 
The Bureau is working closely with CSIRO to improve the system’s workflow and software/data 
engineering. These improvements aim to: improve the traceability of data through the system; 
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increase the use of version control and unit testing; improve the modularity of the workflow to make 
it easier to insert new versions and implementations of the core models into the operational 
processing stream; and increase the use of open source programming languages like Python 
(these refinements are also being done on the modules used in the research environment to 
streamline the transition from research to operations in the future).  
 
One of the biggest impacts is likely to be the porting of the IDL research code base currently used 
in the Marine Water Quality system, both in research and operations, into the more open-source 
programming language Python. The aim is to streamline the core code, improve the system’s 
software engineering, and facilitate the use of high performance computing systems. These 
upgrades will result in a higher quality code base for both CSIRO and the Bureau, improve the 
code performance, increase the overall accuracy of the products, and accelerate the transition 
from research to operations in the future. 
 
All planned improvements and modifications to the system will change the values of all Marine 
Water Quality products in the current archive. At this stage the magnitude of these changes is not 
known, but the values and system are likely to be more accurate and more representative of the 
physical/bio-optical properties of the Great Barrier Reef marine environment. The Bureau expects 
to release the upgraded system in early 2016. 
 
 

 
Figure 5: Property vs Property plot of the products currently generated by the Marine Water Quality system 

and distributed via the dashboard compared with the NASA global algorithms at the locations of various in 

situ observations. Plots on the right with ‘(aLMI)’ in the axis label are derived from the current system, and 

those on the left are NASA algorithms. TSM = total suspended matter, called non-algal particulates in the 

Marine Water Quality system, YEL/CDOM = coloured dissolved organic matter, CHL= chlorophyll a from King 

et al 2013. 
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Appendix 1: Detailed description of the Artificial Neural Network 
calculations and training 

The Artificial Neural Network used in the atmospheric effect removal calculations has: 

o an input layer consisting of neurons for: 

o sun relative to the satellite observing geometry [x,y,z, Cos(θsun)] 

o surface pressure [P] 

o top of atmosphere irradiances at the AQUA satellite measurement 
wavelengths (412.5/443/488/531/547/667/678/748/869.5 nm); 

o a hidden layer consisting of 80 neurons; 

o an output layer consisting of neurons for: 

o aerosol optical thickness (τa)  440/550/670/870nm  

o log10(BOA reflectance) at 412.5/443/488/531/547/667/678/748nm. 

 

Figure 6: Schematic of the Artificial Neural Network layout 

 

 

Before use, the Artificial Neural Network was trained using a forward model of the 
atmosphere. The model simulates the upward azimuthally resolved radiance field. The model 
uses: 

o US standard atmosphere, with a constant ozone level of 344DU; 
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o eight types of aerosols (covering both maritime and continental models) at five 
different aerosol optical thicknesses from 0.03-1 at a reference wavelength of 550nm; 

o rough sea surface characterised by wind speeds of 1.5 and 7.2 m/s according to a 
probability distribution function of wave facets; 

o two surface pressures [980/1040 hPa]; 

o in water concentrations for [20 random concentration triples in the ranges]: 

� chlorophyll a       [0.05-50 mg/m3] 

� total (organic + inorganic) suspended matter   [0.05-50 g/m3] 

� yellow substance (coloured dissolved organic matter) [0.005-1 m-1 at 443nm]; 

o 17 solar zenith angles; 

o 17 observer zenith angles; 

o 25 azimuth angles; 

o nine wavelengths (412.5/443/488/531/547/667/678/748/869.5). 

This leads to 11,560,000 spectra for training use. 

Following the training on the simulations, the model was validated against measurements 
made at various sites across Europe and the Great Barrier Reef.  

For more information see Schroeder et al., 2007. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


