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Chapter 1

Introduction

1.1 Project objectives

This project develops information from remotely sensed light attenuation and bathymetry

data to estimate where, on average, light penetrates sufficiently into the water column to

allow photosynthesis. This physical data set then can be used as a surrogate to predict

biodiversity within the North Marine Region (NMR), as part of the Australian Govern-

ment marine bioregional planning process (figure 1.1).The North Marine Region covers

all Commonwealth waters from the western side of Cape York tothe Northern Territory

- Western Australian border. It spans an approximate area of715 000 km2 covering the

Timor Sea, Joseph Bonaparte Gulf, the Arafura Sea and the Gulf of Carpentaria (DEWHA,

2007).

Further, this project aims to address part of Goal 2 of theGoals and Principlesde-

termined from the guidelines set out for the National Representative System of Marine

Protected Areas (NRSMPA). Goal 2 states”The Marine Protected Area network should

cover all depth ranges occurring in the Region or other gradients in light penetration in

waters over the continental shelf”. Ocean depth is one of the main factors determining

distribution of biological communities. Ocean depth reflects certain basic physical vari-

ables - such as light penetration and pressure - that determine what types of animals and

plants are found in particular locations. The North Marine Region includes an extensive

expanse of relatively shallow water over the continental shelf. In these shallow systems it

is turbidity, rather than water depth, that is the primary determinant of light penetration.

It is likely that pelagic productivity and biological diversity will be determined mainly by

light penetration rather than ocean depth in the North Marine Region. Results from this

report may assist in developing a better understanding of this marine environment, and

consequently in the marine bioregional planning process for the North Marine Region.
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Figure 1.1: Study area with the boundary of the North Marine Region.

1.2 Background and significance

Marine bioregional planning is a process being undertaken by the Department of Environ-

ment, Water, Heritage and the Arts (DEWHA) that is designed to facilitate higher levels

of protection to marine environments, conserve biodiversity and deliver greater planning

certainty to industry. The Minister for the Environment, Water, Heritage and the Arts must

consult a Marine Bioregional Plan when making decisions underEnvironment Protection

and Biodiversity Conservation (EPBC) Act 1999for which a plan has relevance. Marine

bioregional planning is a process through which the Australian Government identifies ar-

eas within Commonwealth waters for inclusion in the National Representative System

of Marine Protected Areas. The development of marine bioregional plans for each of

Australia’s five large-scale Marine Regions provide an opportunity to make substantial

progress towards this goal.

The planning process requires up-to-date scientific information on the marine envi-

ronment, to identify threats and areas that may need protection. As the management of

marine protected areas may require conditions to be imposedon the nature and the type

and extent of human activity that may occur within them, the identification of areas suit-

able for inclusion in the National Representative System ofMarine Protected Areas needs

to be based upon clear goals and principles. This approach seeks to draw on the best avail-

able science and data. While recognising from the outset that the information base maybe

2



poor for some areas because of their remoteness, remote sensing may provide an effec-

tive tool for providing high temporal and spatial information for otherwise data-sparse

regions.

Results from this project may improve understanding of biological communities in

the North Marine Region and assist in identifying potentialmarine protected areas as part

of the Australian Government’s marine bioregional planning process.

1.3 Project outline

Within this project, information on light attenuation is derived from remote sensing data

acquired by the MODerate-resolution Imaging Spectrometer(MODIS) onboard the NASA

Earth Observation System (EOS) Aqua spacecraft. The data inthis project spans the pe-

riod between 2002 and 2008. Figure 1.2 illustrates the different processing steps in the

project. CSIRO processed and analyzed six aggregated inter-annual cycles of diffuse light

attenuation coefficients for northern Australia’s wet (November to March 2002-2007) and

dry (April to October 2003-2008) seasons. The spatial resolution of the data has been set

to a 4 km grid size for the assessment of light availability. The satellite data was obtained

directly from NASA and re-processed to meet the spatial and temporal requirements of

this project. Regions were mapped where on average, sufficient light penetrates to allow

photosynthesis, for the determination of potentially highand low areas of productivity in

the North Marine Region.

The aims of this project are in detail:

• To acquire and analyse satellite remote sensing data to determine light availability

by means of diffuse light attenuation coefficients (Kd) in the water column for

primary productivity assessment in the North Marine Region. The assessment of

primary productivity is not part of this project.

• To determine temporal variation in light availability by means of diffuse light at-

tenuation coefficients across the North Marine Region on an inter-annual scale for

aggregated wet and dry seasons.

• To identify any remote sensing anomalies in the North MarineRegion during the

analysis of the data that may warrant further investigation.

• To acquire and analyse satellite remote sensing data to determine light availability

at the seabed for primary productivity and benthic biodiversity (as a proxy) assess-

ment in the North Marine Region. Note: The assessment of primary and benthic

biodiversity is not part of this project.

3



Figure 1.2: Processing flow chart of this study.
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Chapter 2

Detailed sensor, data processing and

algorithm description

2.1 The MODIS Aqua radiometer

High sensitivity and a large dynamic range enables the MODISradiometer, operational

since May 2002 on board of NASA’s EOS Aqua polar-orbiting spacecraft, to accurately

monitor the Earth’s atmosphere and surface. With the spacecraft orbiting sun-synchronous

at an altitude of705 km, the imaging radiometer MODIS measures the reflected solar radi-

ation in36 spectral bands ranging in wavelength from0.41 µm to 14.5 µm, with a spatial

resolution of250 m (2 bands),500 m (5 bands) and1.000 m (29 bands) at nadir. The

instrument views the Earth’s surface over a±55◦ field-of-view (FOV) range relative to

the instrument nadir in across-track direction using a two-sided scan mirror that rotates at

20.3 r min−1 (Xiong and Barnes, 2006). Each scan covers an across track swath of2.330

km and Aqua’s celestial orbit allows MODIS to cover the Earth’s surface completely in

1 − 2 days (figure 2.1). High spectral, spatial and temporal resolution makes the MODIS

instruments ideal for the monitoring of both aquatic and terrestrial environments, includ-

ing remote areas such as the North Marine Region.

2.2 NASA’s diffuse light attenuation algorithm

The light attenuation in the water column at depthz, as a function of the spectral down-

welling irradianceEd(λ, z) is described by the Beer-Lambert Law:

Ed(λ, z) = Ed(λ, 0−) e−Kd(λ,z) z (2.1)

whereKd(λ, z) is the diffuse light attenuation coefficient, averaged overthe depth range

5



Figure 2.1: Swath illustration of MODIS (A) and polar orbiting principle of the Aqua
satellite with the MODIS instrument scanning the upward reflected light of the Earth (B).
Image credit: NASA and NOAA.

from just beneath the sea surface (z = 0−) to the depthz in meters (J. E. O’Reilly and 24

Co-authors, 2000). Within this project the diffuse light attenuation coefficient is calcu-

lated from an empirical algorithm at a wavelength ofλ = 490nm based on the relationship

betweenKd(490) and the water-leaving radiance (Lw) in the blue-green region of the so-

lar spectrum (Austin and Petzold, 1981), (J. E. O’Reilly and 24 Co-authors, 2000). The

light attenuation coefficient is a measure of how the visiblelight in the blue-green region

of the solar spectrum penetrates within the water column, which is directly related to the

amount of dissolved and particulate material and is an indication of the turbidity of the

water column. The diffuse attenuation coefficient is calculated according to equation 2.2

from the ratio of the water-leaving radiance at two wavelengthsλ1 = 488 nm (blue) and

λ2 = 551 nm (green) as measured by MODIS with the coefficientsA = 0.15645 and

B = −1.5401. Kw is the light attenuation of pure water as published from measurements

by Pope and Fry(1997).

Kd(490) = Kw(490) + A

[

Lw(λ1)

Lw(λ2)

]B

(2.2)

Within this project the percentage light availability at sea bed is calculated from equation

2.1 by incorporating depth information from bathymetry data (section 2.5).

6



2.3 Algorithm assumptions and limitations

The empirical light attenuation algorithm (equation 2.2) makes the assumption that the

composition of the water column is vertically homogenous orwell-mixed. These con-

ditions are observed mostly during winter months (dry season) as reported byChurch

and Forbes(1983) when convective overturn, due to heat loss from the surface, ensures

well-mixed conditions. However, in the wet season (summer), differences between sur-

face and bottom temperatures may be as large as5◦C leading to stratification. Close to

the coast well-mixed conditions prevail throughout the year with the exception of short

periods after heavy rainfall events and associated runoff.

Lee et al.(2005) evaluated empirical and semi-analytical algorithms for estimating

light attenuation coefficients by comparing estimatedKd values with those calculated

from in-situ profiles of the downwelling irradianceEd (equation 2.1). The authors found

that the empirical algorithm (equation 2.2) systematically underestimatesKd at values

greater than0.2 m−1. For the aggregated dry and wet seasons of the North Marine Region

we observe maximumKd values of0.57 m−1 (dry season) and0.55 m−1 (wet season),

resulting in an underestimation ofKd in 5.8% and5.92% respectively, of the total region

- mainly in coastal waters.

2.4 Quality control, data reduction and aggregation

The global monthly averagedKd data (Level-3 quality) obtained from NASA was gen-

erated from daily satellite measurements of Level-2 quality. During Level-3 processing

NASA maps the daily1 km resolution products to a4 km grid and applies several quality

control checks, which are stored as a separate product into a32-bit mask. These quality

checks are made for different defined conditions as tabulated for Level-3 processing in

table 2.1. If certain conditions exist for a pixel a flag is raised and the pixel is masked as

not valid. A pixel may become invalid due to algorithm failure or due to the presence of

atmospheric or oceanic conditions that can not be correctedfor, e.g. contamination due

to severe sun glint or stray light. All flagged pixels are thenexcluded from further analy-

sis. NASA delivered Level-3 standard mapped products in theHierarchical Data Format

(HDF), which contain objects in two-dimensional arrays on an Equidistant Cylindrical

(also know as Platte-Carrée) projection of the globe.

In a first processing step (figure 1.2) CSIRO reduced the global data set to monthly

data covering only the North Marine Region(127◦E−143◦E and8◦S−18◦S). In a second

step the reduced data was aggregated into each six wet and dryseasons covering 2002 to

2008. The wet season was defined as period between April and October each year, while

the dry season encompasses the period between November and March each year.

7



Table 2.1: Quality control flags for the remote sensing products in this study with associ-
ated product bit number.

Condition indicated / Flag Bit

Atmospheric correction failure 1
Pixel is over land 2
Severe sun glint 4
Observed radiance very high or saturated 5
High sensor viewing angle 6
Stray light contamination 9
Clouds and/or ice contamination 10
Coccolithofores detected 11
High solar zenith angle 13
Low water-leaving radiance (cloud shadow)15
Derived product algorithm failure 16
Questionable navigation (e.g. tilt change) 17
Aerosol iterations exceeded maximum 20
Derived product quality is reduced 22
Atmospheric correction is suspect 23
Navigation failure 26

2.5 Bathymetry data

To compute the percentage light availability at sea bed based on equation 2.1 a bathymetry

data set compiled by Geoscience Australia from seismic and sampling surveys as well as

satellite altimetry estimates, was used (Webster and Petkovic, 2005). This data set covers

an area of41 million square kilometers of the Australian marine jurisdiction lying between

92◦E − 172◦E and8◦S − 60◦S. This high resolution data has a 9 arc second grid, which

corresponds to approximately250 m at the equator resulting in32 003 × 20 803 grid

cells. This data set was resampled to fit the North Marine Region, merged with light

attenuation coefficients and sub-sampled to the Equidistant Cylindrical satellite data grid

by averaging all bathymetry cells that have centres within asatellite grid cell. Figure

2.2 shows the resulting sub-sampled bathymetry covering the project area of the North

Marine Region.
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Figure 2.2: Sub-sampled bathymetry data with boundary of the North Marine Region.
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Chapter 3

The environment of the North Marine

Region

This chapter provides a brief introduction into the environment of the North Marine Re-

gion to assist in data interpretation.

From an aquatic remote sensing perspective this region is poorly investigated and un-

derstood because of the optical complexity of its water masses. Seasonal floods caused

by monsoonal rainfall provide high loads of sediments and nutrients to the coastal zone.

Tropical cyclones and strong tidal currents have a pronounced effect on the mixing of

the water constituents including resuspension of sediments. The off-shore waters of the

North Marine Region are nevertheless optically complex with large algal blooms (Coc-

colithophore and Trichodesmium species) occurring duringthe dry season months, in

particular in the Gulf of Carpentaria. This large variability in optical properties and their

non-linear contribution to the remote sensing signal causes large errors from global ocean

colour algorithms. Global algorithms work accurately for open ocean waters where the

optical properties are determined solely by phytoplankton, degradation products and the

water itself. In coastal waters the presence of dissolved organic and particulate inorganic

material from run-off or resuspension lead to inaccurate chlorophyll estimates from global

algorithms (Qin et al., 2007). Region-specific ocean colour algorithms currentlydo not

exist for the North Marine Region but improved algorithms may be implemented based

on parameterisations derived from in-situ measurements. Such regional parameterisa-

tions have been successfully implemented before by CSIRO inother optically complex

Australian coastal waters (Schroeder et al.2008;Brando et al.2008).

Other, more common remote sensing applications in the NorthMarine Region include

radar applications to estimate sea surface height and infrared applications to estimate sea

surface temperature.
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The following brief summary of the most relevant processes and drivers with regard to this

project are citations taken from more comprehensive summaries published byDEWHA

(2007) andDEWHA(2008).

• »The North Marine Region is characterized by a tropical monsoon climate. Wind

strength, wind direction and rainfall vary dramatically between the wet and dry

season, resulting in seasonal differences in water column mixing, turbidity, produc-

tivity, salinity, waves and wind-driven surface currents.«

• »From October to March monsoon winds are mostly northerly ornorth-westerly

and vary in intensity. From April to September south-easterly trade winds predom-

inate, being both stronger and more consistent than the monsoonal winds.«

• »Strong dry season trade winds result in well-mixed waters in the central Gulf (of

Carpentaria). During the wet season, the monsoon winds tendto be weaker and

less consistent, so that the central Gulf waters become stratified because of higher

surface water temperatures, creating a well-mixed layer ofsurface waters and a

cooler bottom layer of well-mixed waters. In contrast, coastal Gulf waters remain

well mixed throughout the year.«

• »Cyclones create large disturbances across shallower parts of the Region, with im-

pacts ranging from localised damage to coral reefs, to widespread turbidity and the

mobilisation of sediments.«

• »While there are no major ocean currents in the North Marine Region, tidal currents

are a significant force in the movement of water and biota, andmobilisation of bed

sediments throughout the Region. Currents are particularly strong inshore around

islands and reefs, and offshore in channels, canyons and valleys that drain off the

shelf. Tidal currents are primarily responsible for the localised upwellings that

occur around reefs, banks and islands.«

• »The large rivers of Papua New Guinea and Indonesia also deliver enormous quanti-

ties of sediment, freshwater and nutrients into the oceans to the north of the Region.

These inputs are likely to affect the productivity of the offshore waters of the North

Marine Region, although the extent of their influence is unknown. Productivity in

offshore waters is predominantly associated with upwellings, eddies and currents,

which bring nutrient-rich bottom water into the photic zone. Nutrients may be re-

suspended in the water column through disturbance by winds,tides, waves, currents

and cyclones.«

• »Monsoonal rainfall generates enormous quantities of freshwater, sediment and nu-

trients that enter coastal waters during the wet season. These terrestrial inputs are

11



trapped within the coastal boundary layer, a body of turbid,eutrophic and highly

productive inshore water that follows the coastline of the North Marine Region, ex-

tending out to a depth of approximately 30 m. The detritus andnutrients derived

from mangroves, salt marshes and mudflats are fundamental tothe functioning of

coastal marine ecosystems in the Region. Very little mixingoccurs between turbid

coastal boundary layer waters and clear (oligotrophic) offshore waters, and hence

there is little transfer of nutrients, freshwater or sediments into offshore waters.

The junction of the two water bodies can be observed as a visibly distinct line dur-

ing both the wet and dry season. During the dry season, there is little connection

between river waters and the coastal sea, and the »inverse estuaries« of northern

Australia actually pump water and sediments landward.«

• »The interplay between predominantly dry south-east tradewinds from May to Oc-

tober and moister north-westerlies over the wet season (December to March) con-

tributes to the slow, clockwise movement of water in the Gulfof Carpentaria.«

• »Ninety seven per cent of the area of the North Marine Region lies over the conti-

nental shelf at depths of less than 200 m. Across most of the Region, including the

Gulf of Carpentaria which is the largest tropical epicontinental sea in the world, the

water depth does not exceed 70 m. Maximum depths occur at around 350 m in the

canyons of the Timor Transition.«
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Chapter 4

Results and discussion

This chapter presents the inter-annual variations of lightattenuation based on monthly

averages (Appendix B). Further, we discuss the results of wet and dry season light at-

tenuation aggregation and its subsequent merging with bathymetry data to calculate the

percentage light availability at sea bed.

4.1 Monthly data

Appendix B provides an inter-annual overview of all monthlyaveraged light attenuation

maps used within this project. The data set covers in total 72months of the period between

November 2002 and October 2008. Black colour-coded pixels are associated with clouds,

bad quality or algorithm failure and are masked according tothe quality control flags

as referenced in table 2.1. Often, some of the near-shore regions reveal masked values

throughout the year, most likely caused by atmospheric correction failure over turbid

waters. These masked near-shore regions often lie within three nautical of the coast; a

zone under the responsibility of the Queensland and Northern Territory Governments. In

addition we find larger areas of masked values during the wet season months (November

to March) due to frequent cloud cover resulting in a low number of valid pixels, especially

during January and March 2006. The inter-annual monthly data set reveals that the light

attenuation in the North Marine Region undergoes a seasonalcycle showing some distinct

regional patterns.

• During the wet season the highest turbidity values are observed for near-shore

coastal areas due to the sediment and nutrient rich run-off after monsoonal rain-

fall. In particular, March 2008 is a good example that shows the extent to which

turbid waters may reach into the Gulf of Carpentaria during the end of the wet sea-

son. The data also confirms previous findings as summarized byDEWHA(2007)

that the run-off is largely trapped within the coastal boundary with only limited

13



exchange between coastal and off-shore waters. The off-shore waters show much

lower turbidity and little variability during the wet season months, except for March

2003 when a large-scale pattern (presumably an algal bloom)appears in the Gulf of

Carpentaria.

• With the beginning of the dry season in April, we observe an increase in turbid-

ity and in its variability caused by a growth in productivity, which can be seen

throughout the North Marine Region. This general increase of turbidity is consis-

tent with previous findings compiled byDEWHA(2007) of well-mixed water con-

ditions caused by prevailing strong dry season trade winds,especially in the Gulf

of Carpentaria. In addition, frequently immense algal blooms occur in the Gulf

of Carpentaria and the Joseph Bonaparte Gulf enhancing the dry season turbidity

levels, especially during the month of June.

4.2 Aggregated dry and wet season data

Figure 4.1 shows the final result of the light attenuation aggregation into dry and wet

season averages based on the monthly averages of the North Marine Region (Appendix

B). To examine the regional differences between the aggregated dry and wet seasons we

calculated the percentage difference between the seasons compared to the annual mean

attenuationKd =
(

Kd(wet)+Kd(dry)
2

)

as shown in figure 4.2. The following features can be

noted from figure 4.1 and 4.2:

• The aggregated dry and wet season averages exhibit no data ofaggregated gaps

from prior masked pixels as present in the monthly data set due to the much longer

averaging period of each six dry and wet seasons.

• The aggregated data captures well the seasonal cycle and theregional differences of

the monthly data. In detail, both seasons show the expected pattern of higher light

attenuation in coastal waters due to higher concentration of organic and inorganic

particles and coastal boundary trapping compared to lower attenuation values for

the off-shore regions associated with less turbid waters.

• Near coastal turbidity is at a maximum during wet season, while off-shore turbidity

peaks during the dry season. This pattern is illustrated in figure 4.2 by the percent-

age differences inKd between aggregated dry and wet seasons compared to the

annual mean (Kd). Areas in red colour (wet > dry) show this percentage increas-

ing during wet seasons, while blue areas indicate percentage increase during dry

seasons (dry > wet).
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6 dry seasons (April to October 2003-2008)
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6 wet seasons (November to March 2002-2008)
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Figure 4.1: Aggregated dry and wet season averages of the diffuse light attenuation coef-
ficient at 490 nm.
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• With reference to the annual mean, we observe a wet season coastal turbidity in-

crease of up to 50% compared to the dry season (red areas figure4.2 with wet>dry),

which can be explained by run-off after monsoonal rainfall.

• Further, we observe dry season off-shore turbidity increase of up to 50% compared

to the wet season (blue areas figure 4.2 with dry>wet), which is explained by the

occurrence of algal blooms and well-mixed conditions induced by prevailing strong

trade winds.

• In contrast to the assumption that the large rivers of Papua New Guinea and In-

donesia are unlikely to effect the productivity of the offshore waters of the North

Marine Region (DEWHA, 2007), we observe a band of slight turbidity increase

[134◦E − 138◦E and9◦S − 10◦S, figure 4.2] influencing the Arafura Sea during

the wet season. This influence can also be observed in some of the monthly maps.

Further analysis on daily data is recommended to better understand the maximum

extent of this influence.
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Figure 4.2: Relative difference between the aggregated dryand wet season light attenua-
tion at 490 nm with reference to the annual mean attenuation (Kd).

Finally the percentage light availability at sea bed is calculated by merging the bathymetry

data with the aggregated dry and wet season averages (equation 2.1). This light availabil-
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ity data offers the possibility to be used as a surrogate to predict benthic biodiversity. The

concept of the euphotic depth may be applied by DEWHA for further analysis in the ma-

rine bioregional planning process. Aquatic biology definesthe layer of the water that is

exposed to sufficient sunlight for photosynthesis to occur as the euphotic layer. Significant

phytoplankton photosynthesis takes place only down to a depth at which the downwelling

irradiance (equation 2.1) of the photosynthetic availableradiation falls to 1% of that just

below the surface. The layer in which the irradiance falls to1% marks the euphotic zone

(Kirk, 1994) and is the only region in the water column where primary production occurs.

The euphotic depth depends on the turbidity of the water and typical values range from

a few centimeters in extremely turbid coastal or inland waters to approximately200 m in

the open ocean.
It must be noted that while the above definition of the euphotic zone considers a light

threshold based on photosynthetic available radiation (PAR), which is an integral measure

of the light between 400 and 700 nm, the percentage light availability for this project is

based on estimations at a wavelength of 490 nm only. Figure 4.3 shows four different

threshold maps (1, 5, 10, 20%) of light availability at the sea bed for each dry and wet

season aggregation. Pixels below the designated thresholdare mapped in black, whereas

valid pixels are colour-coded in green. However, the digital data does not contain any pre-

defined thresholds, given that threshold levels may be variable and need to be determined

for specific applications. The following features can be noted from the light availability

at sea bed in figure 4.3:

• The area of the sea bed that receives 1% of the surface light covers nearly the entire

North Marine Region during both dry and wet seasons, except for the deeper ocean

areas of the Arafura Sea and Joseph Bonaparte Gulf with depths greater than 80-100

m. Parts of the Gulf of Carpentaria receives on average less that 1% light during the

dry seasons, while entire Gulf receives a minimum of 1% during the wet seasons.

• Setting a minimum threshold of 5% reduces the areas both in dry and wet season

dramatically. The central part of the Gulf of Carpentaria deeper than 40 m now

receives less than 5% of the surface light during dry seasons. During wet seasons

these areas increase for the central part of the Gulf of Carpentaria as a result of

lower turbidity.

• A further reduction of the light threshold to a minimum of 10%confines mapped

areas to a near-shore boundary showing no major differencesbetween dry and wet

seasons.

• A minimum of 20% of the surface light is only received by the near-shore areas and

parts of the Torres Strait with no major differences betweendry and wet seasons.
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Figure 4.3: Percentage light availability at the sea bed foraggregated dry and wet seasons
and four different thresholds. Pixels below the designatedthreshold are colour-coded in
black.
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Chapter 5

Conclusion and future directions

The key conclusions from this data analysis are:

1. The inter-annual monthly data set reveals that the light attenuation in the North

Marine Region undergoes a distinct seasonal cycle.

2. During the wet seasons (2002 to 2008) highest turbidity values are observed for the

near-shore coastal areas due to sediment and nutrient rich run-off after monsoonal

rainfall. The off-shore waters in contrast show much lower turbidity and little spa-

tial variability.

3. During the dry seasons (2002 to 2008) a general increase ofturbidity combined with

larger spatial variability is observed for all off-shore regions of North Marine Re-

gion due to trade winds-induced mixing and algal blooms occurrence. The coastal

regions show a decrease in turbidity from reduced run-off.

4. During both dry and wet seasons the region of highest turbidity is observed along

the coastline trapped within the coastal boundary with depths less than 20 meters.

5. The aggregated dry and wet season data captures well the seasonal cycle and the

regional differences of the monthly data.

6. With reference to the annual mean attenuation, the near-shore regions show up to

50% higher turbidity values during the wet seasons comparedto the dry seasons

(2002 to 2008), while the off-shore regions show up to 50% higher turbidity values

during the dry seasons compared to the wet seasons (2002 to 2008).

7. During wet seasons the large rivers of Papua New Guinea andIndonesia slight in-

crease turbidity levels within the northern part of the North Marine Region (Arafura

Sea).
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8. Percentage light availability at the sea bed was calculated by merging bathymetry

with light attenuation. The resulting digital data set doesnot contain any pre-defined

thresholds; these need to be established by DEWHA under consideration of the

different scenarios within the marine bioregional planning process.

Recommendations for future applications within the North Marine Region are:

1. Currently available global algorithms can only provide limited product accuracy

for the North Marine Region; CSIRO recommends to implement regional algo-

rithms, which require prior in-situ measurements for parameterisation. These algo-

rithms would provide more accurate estimates of chlorophyll-a, suspended matter

and coloured dissolved organic matter, from which primary productivity estimates

may be calculated. Further, these algorithms would give more accurate estimates of

light attenuation in coastal waters (refer to section 2.3) and provide error maps for

quality control.

2. In addition, sea surface temperature combined with chlorophyll data and sea surface

currents from satellite altimeter may be used to detect highly productive upwelling

water mass areas in the North Marine Region.
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Appendix A

Glossary of Terms

Attenuation: The reduction with distance from the source of the intensityof an acoustic

or an electromagnetic signal propagating through a medium caused by scattering

and absorption processes.

Irradiance: A radiometric term for the rate at which radiant energy in a radiation field

is transferred across a unit area of a surface (real or imaginary) in a hemisphere of

directions.

Nadir: Satellite subpoint on the earth’s surface that is centered directly below the satel-

lite.

Radiance: A radiometric term for the rate at which radiant energy in a set of directions

confined to a unit solid angle around a particular direction is transferred across unit

area of a surface (real or imaginary) projected onto this direction.

Wavelength: In radiation, the distance between periodic spatial repetitions of an elec-

tromagnetic wave at a given instant of time; used extensively to classify the nature

of the radiation, since most of the interactions between radiation and matter are

extremely sensitive to the wavelength of the radiation.
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Appendix B

Inter-annual monthly mean light

attenuation maps
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