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Reef health and the impact of pollution 
The health of the Great Barrier Reef depends on the quality of its surrounding waters. 
Pollution of the water with dissolved nutrients, sediments and other substances 
stresses the living organisms of the reef, reducing their resilience to other burdens 
such as climate change. These pollutants can also change the natural balance of the 
coral ecosystem, causing algal blooms in the water and encouraging the growth of 
algae on the reef itself.  
Pollutants are introduced into the waters of the reef from land-based activities in the 
catchments of streams discharging into the reef lagoon. All fresh water flowing into 
the Great Barrier Reef lagoon has the potential to carry pollution to inshore coral 
reefs. During high rainfall events, river plumes can extend up to 100km offshore, 
reaching even outlying areas of the reef. 
To safeguard reef health, it is important that we monitor water quality and then 
manage the presence and extent of these damaging substances in the Great Barrier 
Reef lagoon. The most practical and cost-effective way to achieve this over an area 
the size of the Great Barrier Reef is with remote sensing. 

Remotely sensing and interpreting ocean colour 

The satellite sensor 

The Marine Water Quality Dashboard uses remotely sensed ocean-colour 
information from NASA’s Aqua satellite, which orbits the earth approximately every 100 
minutes, carrying the MODIS remote-sensing instrument. MODIS (Moderate 
Resolution Imaging Spectroradiometer) is a sensor that measures the reflected 
sunlight from the earth’s surface in 36 spectral bands, of which nine are primarily 
used to sample ocean colour.  
The process is similar to digital photography, except that the sensor responds to a 
much broader spectrum than that of visible light. Each of the spectral bands captures 
the energy of the reflected light within the small window of a few nanometres (one-
billionth of a metre). For example, band 12, one of the ocean-colour sensing bands, 
captures light between 542 nm and 552 nm, part of the green section of the visible-
light spectrum.  
The ocean-colour sensing bands are all within the visible and near-infrared sections 
of the electromagnetic spectrum. The ‘pixel’ size for data captured in these bands is 
approximately 1 km by 1 km, just below the centre of the satellite orbit.  

The science behind eReefs Marine  
Water Quality Dashboard 

http://aqua.nasa.gov/about/instruments.php
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Reflected light – the colour of the ocean 

We see clean, deep ocean water as dark blue because most of the light of the green 
and red part of the visible spectrum has been absorbed, leaving mainly wavelengths 
towards the blue end to be reflected back to our eye sensors – or to the satellite’s 
remote sensors. 
The light used to gather information about water quality is the reflected light from 
within the water. 
The light ‘seen’ by the sensor may be modified by various processes. Light in the 
water may be scattered or absorbed by dissolved or particulate matter, for example 
sediments from river discharge or resuspension, or photosynthesising microscopic 
organisms such as phytoplankton. In addition, the sea water itself scatters and 
absorbs the incoming light. From the remaining reflected light measured by the 
sensor, quantitative information about these substances can be inferred, as the light 
field contains their spectral signatures. 

Optically complex waters 

A challenge with remote sensing in shallow, near-shore reef and coastal waters is 
that the reflected sunlight reaching the sensor may have interacted with objects and 
substances which change it. For example, the light may be reflected from the sea 
floor, or from various coloured objects on the sea floor.  
This is likely to happen in cool, dry months (April to September), when the shallow 
water near shore is clear. In warm, wet months (October to March), the light returning 
to the satellite will have very different characteristics because the sun’s light particles 
will have interacted with matter suspended or dissolved in the water, such as soil 
particles washed into the lagoon by heavy summer rains. Also, the optical properties 
of coastal water differ from those of the deep ocean, often showing absorption or 
scattering characteristics that complicate the retrieval of water-quality information. 
To compensate for these factors, complex corrections must be made to the satellite 
data. Corrections include the removal of atmospheric scattering effects (these 
contribute up to 90% of the reflected light measured by the sensor), sun-glint effect 
from the sea surface (which causes the sensor to saturate) and the masking effect of 
clouds. 
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Processing the satellite data 

Raw data, as gathered by the satellite, are referred to as Level 0 data. Data then go 
through a modification process before use. 

• Level 1 – Various processing steps are carried out, including calibration of 
both the colour (spectral) and geometric (spatial) information in the raw 
data. 

• Level 1a – Information that will allow calibration is appended to the raw 
data, but the calibration itself is not carried out. 

• Level 1b – The calibration coefficients are applied; the data are linked with 
their true spatial coordinates (geolocation). 

• Level 2 – Further corrections are applied and various environmental 
properties (such as ocean colour or sea surface temperature) computed. 
Additionally, a regionally validated algorithm (set of mathematical 
formulae), developed by CSIRO and refined under the Bureau’s eReefs 
program, is applied. This corrects for the many potential distorting factors 
of the atmosphere and the optically complex waters. It also calculates 
values for the water-colour variables (concentrations of suspended 
sediment and chlorophyll-a, and the absorption of coloured dissolved 
organic matter. This is done by inverting the spectrum of reflected light 
from the processed sensor signal.  

Understanding the data quality 
More details are provided in eReefs Marine Water Quality Dashboard Data Product 
Specification.  

Observations 

A location, pixel or area is ‘observed’ when a measurement of the radiance at the top 
of the atmosphere, above that ground (or sea) location, is made. There will be 
observations over the Great Barrier Reef Marine Park on most days. However, it is 
likely that only part of the park will be observed, due to the nature of the satellite orbit 
and sensor-view geometry. 
The satellite used in this work (NASA Aqua) is in polar orbit, revisiting the same point 
on the earth every few days. The sensor on-board the satellite (MODIS) can view 
about 1000 km either side of the orbit track. The combination of orbit and sensor-
view characteristics means that each point on the earth's surface is viewed at least 

http://www.bom.gov.au/environment/activities/mwqd/documents/data-product.pdf
http://www.bom.gov.au/environment/activities/mwqd/documents/data-product.pdf


eReefs Marine Water Quality Dashboard – the Science 

 4 

once every 24 hours. However, some of these observations will be at night and 
therefore of no use for light observation, leading to gaps in the observations. 

Understanding and assessing data quality 

The validity of an observation can be affected by various factors, relating to the 
sensor, the environment or a combination of both. An example of an environmental 
factor is sun glint, the reflection of the sun into the sensor’s field of view. The sensor 
must be able to clearly ‘see’ the light field leaving the ocean surface. Sun glint 
significantly adds to this light field – so much so that the light observed by the sensor 
may be above its limit. Even if there is only a moderate amount of sun glint, we may 
not be able to receive useful readings as the light field may still be dominated by this, 
rather than by light from the ocean. Clouds also impede the ability of the sensor to 
read the light field, so can result in patchy data. 
To help with understanding the overall quality of the data (given the complex 
variables in play) each location/pixel/area has been given a rating from zero to five, 
with five representing the best-quality data and zero indicating an observation has 
not been made (seen in daily files if, for example, it was too cloudy). You can assess 
data quality with the quality_level variable in the dashboard. Note that locations of 
low-quality data may not give an accurate picture. However, we still display low-
quality data because it can be helpful with the synoptic view of the region; some 
information is better than no information. 
Quality checks relating to the environment and the sensor are performed on the 
observations when they are processed. The test results are stored as a set of flags – 
31 in all. These flags can be found within daily data files in the l2_flags variable. 
The data-retrieval process attempts to reconstruct the observed light field using a 
model of optical properties. Good-quality retrieval will result in there being little 
difference between the observed and modelled light field. The difference between 
these provides a measure of how well the retrieval process has been able to 
reconstruct the light field. The difference is stored in the dR_MIM variable within daily 
data files. 

Composite maps and statistics 

More details are provided in eReefs Marine Water Quality Dashboard Data Processing 
Specification.  
Daily images can often appear patchy, which limits their usefulness to days where 
there is little cloud. Combining multiple daily images can result in better coverage. 

http://www.bom.gov.au/environment/activities/mwqd/documents/data-processing.pdf
http://www.bom.gov.au/environment/activities/mwqd/documents/data-processing.pdf
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We have combined the daily images into composites of each week (Monday – 
Sunday), calendar month, season (May–October and November–April) and calendar 
year.  
The period covered by the seasonal composites is a rough approximation of the dry 
and wet seasons experienced in the tropics.  
The composites are formed by collecting all observations at each location/pixel within 
the period of interest and calculating a number of statistical properties. These 
statistical properties include the mean, minimum, maximum and median values. A 
number of supporting parameters are also calculated, including the number of times 
the location/pixel was observed, the number of times a valid retrieval was obtained 
and so on. 

Data used in composites 

Only data with a quality level in the range three to five (inclusive) is used in the 
formation of composite imagery. No additional weighting has been applied. 
Generally, as more valid retrievals are included in the compositing process, the 
statistics become more reliable and representative. 
The number of valid retrievals used in the compositing process at each location/pixel 
is stored in the n_valid_obs field. The number of valid retrievals should range from 
zero to the number of days in the composite image (e.g. one for daily, seven for 
weekly, 365 or 366 for annual composites, etc.). 

The anomaly field 

The anomaly field is calculated as the difference between the observed parameter 
and the climatology for that parameter. A positive anomaly field means that the 
location/pixel is greater than the climatology for this period. A negative anomaly field 
means that the location/pixel is less than the climatology for this period. 
Climatologies have been developed at monthly, seasonal and annual timescales. For 
periods shorter than a month, the monthly climatology fields have been linearly 
interpolated to the central time of the period of observation.  
Generally, climatologies are calculated over long time periods using observations 
obtained and processed in the same way. Here the climatology period starts after 
July 2002, when the sensor first started collecting this information. The climatology 
period was chosen as July 2002 to April 2013. This covers all the available months 
prior to the start of the 2013 dry season. 
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Threshold fields and the Great Barrier Reef Marine Park guideline values 

In the case of daily maps, the threshold fields indicate whether an observation was 
above or below the Great Barrier Reef Marine Park guideline values for levels of 
chlorophyll-a and suspended sediment. In composite maps the number of times 
within the period of interest that a valid observation has been above the annual 
threshold is counted and stored in the n_above_annual_threshold field. This field 
may be compared with the number of valid observations to indicate the percentage of 
observations above the guideline value. 
In weekly and monthly composite maps, the percentage of observations that have 
exceeded the annual threshold (pc_above_annual_threshold) is calculated simply as 
n_above_annual_threshold/n_valid_obs. For seasonal and annual maps, 
pc_above_annual_threshold is calculated slightly differently so as to give each month 
an equal weight. That is, for seasonal and annual composites, 
pc_above_annual_threshold is the mean of the monthly pc_above_annual_threshold 
values within the period of interest. 
The guideline values were generated for comparison on seasonal and annual 
timescales. Exceeding a guideline value on these timescales may warrant some 
action from the Park Authority. Exceeding a guideline value at shorter timescales 
may not be significant and is probably due to natural variability. However, it may help 
identify the underlying reason for exceeding a guideline value at the annual or 
seasonal timescale. 

Summary statistics 

A set of statistics has been calculated for each region (management zone) within the 
Great Barrier Reef Marine National Park. These are provided for daily, weekly, 
monthly, seasonal and annual periods. As with the composites, only data with quality 
rated three to five is used. No additional weighting has been applied.  
 

http://www.gbrmpa.gov.au/about-the-reef/how-the-reefs-managed/water-quality-in-the-great-barrier-reef/water-quality-guidelines-for-the-great-barrier-reef

