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SUMMARY 

Water movements in the form of currents, internal waves, eddies 
and moving boundaries between water masses (oceanic fronts) are primary 
elements driving the Great Barrier Reef (GBR) system. The physical and 
chemical characteristics of the water column, as major factors in the 
short and long term development of the GBR biological system, subdivide 
the physical system into its component water masses. The material 
carried by the physical system consists of biota and suspended solids of 
natural (eg phytoplankton) and man induced (eg pollution) composition. 

Existing remote sensing devices provide an opportunity to gather 
valuable data on these dynamic physical and biological systems, and the 
complex of inter-reef communications they provide. Remote sensing by 
Landsat is already established as a tool for the establishment of a basic 
fixed-reef data base for the GBR. This (static) data base is effective 
for current inventory and many planning needs. However, future 
management within the GBR system must use an information base which does 
not neglect the essentially dynamic interdependency between the reef 
environments and the communities which exist within and between them. 

In the dynamic GBR physical system, events at whole GBR level 
may be as significant as events at within reef level. The problem of 
encompassing the wide range of time and space scales involved is one 
which only aircraft and satellite remote sensing in combination with ship 
and reef based studies can solve. This report addresses the way in which 
remote sensing opportunities exist to provide such integration and 
identifies a program of research and development which may achieve it. 

Keywords: Great Barrier Reef Region, Remote Sensing Applications, 
resource planning and management, data bases. 
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1. INTRODUCTION 

1.1 Report background 

The Great Barrier Reef (GBR) stretches about 1900 kilometres 

along the coast of Queensland from Torres Strait in the north to its 

southern most point, some 90 kilometres offshore from Gladstone. 

Because of this extent, the GBR poses many problems for a 

management body like the Great Barrier Reef Marine Park Authority 

(GBRMPA) when data for inventory, monitoring or impact modelling need to 

be available or collected. The most obvious problem is one of scale. The 

GBR region covers an area of about 348,700 square kilometres. The map 

base problem is almost as great, since a satisfactory cartographic base 

for the GBR does not yet exist. 

The CSIRO Division of Water and Land Resources has co-operated 

in a developmental study of remote sensing of the GBR with the GBRMPA and 

the Australian Survey Office (ASO). Methods developed during a CSIRO 

research project funded by the Australian Marine Sciences and 

Technologies Advisory Council (AMSTAC) were used. This project 

investigated the use of remotely sensed data from the Landsat satellite 

series as an aid to management of the GBR. 

The scope of the study (see section 2.2) included an evaluation 

of Landsat imagery for the inventory, survey design and monitoring needs 

of the Authority in its planning and management roles. It also included 

an evaluation of the accuracy of Landsat data as a cartographic base for 

the GBR and as a means for shallow water depth assessment. 

On the basis of these studies, a set of specifications for the 

products of Landsat analysis has been drawn up which balance the planning 

needs of the GBRMPA with the consistent ability of Landsat data to meet 

those needs. The AS0 has taken over the computer software and methods 

developed in these studies and is currently extending the mapping program 

to the rest of the GBR. 
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The Landsat based information system is summarized briefly in 

section 2.2 and fully described in a series of reports listed at the end 

of this report. This report proceeds from that basis to investigate 

areas where the information base is currently poor, but where a wide 

variety of remote sensing data opportunities exist to be utilized to 

overcome the problems of scale and information base faced by researchers, 

planners and managers in the GRR region. 

1.2 Remotely sensed data 

Remote sensing has played and will continue to play an essential 

role in providing information for management of the GBR Marine Park. 

As reviewed in this report, remote sensing is taken to mean 

earth observation by recording data from the electromagnetic spectrum - 

which includes light, radiated heat, radar and radio waves. The 

recording is done by a sensor, which may be a camera for light and the 

sensor is carried on a platform, which may be an aircraft or satellite. 

The narrowness of the band of wavelengths included in a sensor’s 

measurement defines the spectral resolution and the range of wavelengths 

of the spectrum covered defines the spectral extent of the sensor. 

Since no combination of platform and sensor(s) can cover all of 

the space, time and spectral scales needed for a complete information 

package, remote sensing of the GRR must encompass a wide range of 

methods, from satellite coverage through aircraft and ships to floating 

and moored buoys. 

.An information base which may be developed from remotely sensed 

data includes, 

(1) A fixed reference spatial data base - or inventory, 

(ii) opportunistic, but nevertheless useful, historical records 

of dynamic events - such as sediment plumes or plankton 

blooms, and 
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(iii) designed detection, monitoring and assessment schemes for 

natural and man induced dynamic flows within the GBR system. 

Established remote sensing methods have already been used for 

inventory and both established and archived data exist for opportunistic 

monitoring as described later in this report. 

The information potential of (iii) is the most difficult to 

obtain and to accomodate within existing data base structures. It is, 

however, the most important type of remote sensing input to models of the 

dynamic components in the GBR system. These include current speed and 

direction, circulation dynamics and their interactions with coastal 

sediment transport, pollution dispersal, phytoplankton dynamics and the 

highly significant and mobile boundaries between water masses - the 

oceanic fronts (cf Middleton, 1983). 

1.3 Sampling strategy 

Given the wide range of space and time scales involved in such 

processes the sampling strategy proposed for the MAREX (Marine Resources 

Experiment) program (OCS Working Group, 1982) and supported by the Ocean 

Sciences Board (1982) is applicable to the GBR data base. This strategy 

proposes a multiplatform (satellite, aircraft, ship and buoy) approach to 

the measurement of ocean primary productivity (Smith et al., 1981, 

1982). The mathematical methods and remote sensing techniques which have 

proven effective in measuring chlorophyll in the open ocean and provide 

the basis for the MAREX Report are yet to be assessed and developed in 

the shelf and coastal environment of the GBR. The basic design, however, 

is still sound as a basis for this assessment and development. 

The appropriate combination of methods to be employed is a 

function of the space and time resolution and extent of the relevent 

phenomena as well as the spectral resolution and extent of the 

instruments deployed on the platforms. 



-4- 

'Resolution will be taken to mean the minimal dimension which 

contains the variation of a feature, or event, and 'extent' to mean the 

distance or time over which it persists. These dimensions may be 

illustrated graphically on a space and time plot like Figure 1. This 

Figure has been adapted from Esaias (1981) and derives biological 

resolutions and extents from Walsh et al (1977). 

Biologically, resolution is related to the basic social scale 

(including competition for example) and extent to the general 

environmental scale of the phenomena (cf Platt, 1972). The limits shown 

in Figure 1 are consequently only illustrative since the general 

interaction between biological and physical processes (as well as the 

scales at which one or the other dominates, cf Denman et al., 1977) is 

as yet poorly known and is a topic which the remote sensing techniques 

described in this report may well address. 

Specifically, this report describes a number of the remote 

sensing opportunities which have been and could be used to provide 

information for the kind of phenomena plotted in Figure 1. It provides 

the background and detail for the paper presented at the Great Barrier 

Reef Conference in Townsville in September 1983 (Jupp, 1983), develops in 

the context of the GBR some of the issues discussed by Carpenter (1982), 

and complements the discussion papers on physical oceanography of the GBR 

lagoon contained in Middleton (1983). 
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2. ESTABLISHED REMOTE SENSING OF THE GBR 

Up to this time, remote sensing of the GBR has been restricted 

to traditional aerial photography and photointerpretation, and to Landsat 

satellite data which became routinely available in Australia in late 1979. 

2.1 Aerial photography 

Aerial photography, both historical and recent, provides the 

most detailed image data available for the GBR system. However, much of 

the historical photography is taken at high altitude, is panchromatic, 

taken at non-optimum time of day and tide and is uncontrolled. 

The Australian Survey Office (ASO) and the Queensland Department 

of Mapping and Surveying are gradually replacing this photography with 

low level colour photography and are extending cartographic control over 

much of the GBR (Lamond, 1982). However, the process is time consuming 

and expensive, and up until recently much work has had to proceed in 

Marine Park planning with unsatisfactory photo and map bases. 

2.2 Landsat imagery 

Landsat images, spanning more than ten years, from the highly 

successful experimental series of NASA satellites (LANDSAT- (formerly 

ERTS-l), -2, -3, -4 and now -5) are providing and will continue to 

provide effective map bases for the GBR until the progressing schedule 

of accurate survey work is complete. 

The optical scanner system carried by the Landsat satellites 

records data in four bands - one in the green, one in the red and two in 

the near infra-red. The green band (band 4) covers the region of maximum 

penetration of light into coastal waters (Jerlov, 1976). Blue is not 

recorded and therefore no information is available on the blue to green 

ratio (or colour index) which is a basis for optical classification of 

oceanic water types. Landsat data do, however, provide a large area, 

synoptic coverage of the GDR of great value. 
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CSIRO Division of Water and Land Resources, GBRMPA and AS0 have 

cooperated on studies which investigated the, value and application of 

Landsat data for GBR planning and management. 

Methods and computer programs realizing them (Jupp et al., 

1984a) were developed to construct interpretations of reef covers based 

on the physical and biological zonations of reef tops (Jupp et al., 

l984b). These interpretations provide a standard set of thematic images 

as a base for planning in the initial stages of the GBR Marine Park 

management plan. 

The difficulty of establishing ground control on reefs led to 

the development of image rectification methods which maximized the value 

of each control point (Jupp et al., 1982c). The AS0 is integrating this 

analysis with traditional survey to maximize the benefits of field 

survey. Reefs are being chosen for survey in order to maximally improve 

the overall rectification of the GBR Landsat image set. Based on this 

work, a complete cover of rectified standard images and thematic 

interpretations at 1:250,000 and l:lOO,OOO map scales will have been 

completed for the GBR by December 1984. 

Landsat data were also transformed and developed to provide 

shallow bathymetric and reef morphological information. Although the 

accuracy of depth measurements Prom single images was low, it was 

improved by using several images taken at different times and choosing 

images which occurred with the best combinations of environmental 

conditions (Jupp and Mayo, 1982). 

It is also planned in the future to set up specifications and 

develop a production program similar to that in operation at the Defense 

Mapping Authority in the USA (Shiver, 1981; Naylor and LaFollette, 1983) 

for Landsat based depth mapping, in which Landsat data are used as 

preliminary plans for more detailed investigations. This, together with 

research into the possible improvement of Landsat based depth mapping by 

using multiple images is underway at CSIRO. This, combined with the 

planned program will help define the shallow water bathymetry of the GBR 
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until more sophisticated remote sensing devices such as the LADS (Laser 

Airborne Depth Sounding) system (Calder and Penny, 1981; see also Hoge et 

al., 1980; O'Neil, 1981, 1983; Anderson et al., 1983) become operational 

in the GEM region within the next 10 years. 

2.3 The gaps in the current data base 

Remote sensing in the form of Landsat data has has had immediate 

application to the planning needs of the GEMPA. These have been largely 

cartographic and have provided bathymetric and reef morphological 

information as well as interpretations of shallow reef zonation. All of 

these are fixed inventory data types which are essential for planning but 

insufficient for operational management. 

The GBR is a multilevel dynamic system. It can be considered a 

significant boundary for the Coral Sea and Pacific Ocean or, at the other 

extreme a medium for microscopic biota. Within this system the needs of 

operational management require far more knowledge about 

(9 the movement of water, including currents, internal waves 

and fronts, 

(ii) shelf circulation and the dynamics of suspended sediments 

and pollution, and 

(iii) the amount of direct biological productivity of the waters 

and degree of inter-reef and reef-coast communication. 

Without these data the GBR data base, and management decisions 

based on it, are restricted to a static fixed-reef inventory which, 

despite providing a sound basis for many of the decisions faced by 

planners in the GBR region, neglects the essential interdependancy of the 

reef environments and the communities which exist within and between them. 

This report therefore addresses the scope of remote sensing 

technology which might be applicable to research and monitoring of the 

dynamics of coastal and ocean systems. 

-- 
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3. REMOTE SENSING OPPORTUNITIES FOR THE GBR 

The remote sensing opportunities for the GBR depend on a match 

being made between the needs of management and research and the available 

methods and technology which comprize remote sensing. 

3.1 Platform and sensor coverage 

Figure 2 plots, on the same axes as Figure 1, the space and time 

resolution of the main existing remote sensing platforms. Together, 

satellites, aircraft, ships and buoys cover most of the range depicted in 

Figure 1 (Esaias, 1981). There are some gaps, but a sampling scheme 

like that recommended by the OCS Working Group (1982) in which an ocean 

colour scanner similar to the Coastal Zone Color Scanner (CZCS) carried 

on the NIMBUS-7 satellite (see section 4.3) is combined with ship cruises 

and moored and floating buoys would seem to effectively cover the space 

and time structure of (i), (ii) and (iii) above. 

Each of the platforms has advantages and disadvantages as 

vehicles for covering the range of space and time scales involved. 

Ships provide the distinct advantage of supplying detailed and 

fully controlled data using complex equipment measuring over a wide range 

of depths at every location. However, considerable time (and therefore 

money) is needed to cover areas with any extent and at reasonable 

resolution. It has been quoted (Simpson, 1981) that one day of ship time 

is needed to survey a 40 Km square at 5 Km resolution. For larger area 

surveys significant evolution of environmental parameters will have 

occurred and results cannot be treated on the same time basis. 

Aircraft can cover much greater areas in less time but cannot 

carry the complexity of equipment nor manage the data flow to the extent 

possible on board ship. Also, the data are remote and generally no data 

from within the water column nor water samples can be taken. 

Nevertheless, aircraft provide the most flexible of the available 

platforms for obtaining remotely sensed data. 
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The main limitations for both ships and aircraft are defined by 

ship or flying time. In a given time (or cost range) the platforms may 

either concentrate the area of study to get good space and time 

resolution or extend the area at the cost of time resolution. 

Satellite system design, on the other hand, is limited mainly by 

the technical limits to recording, transmitting and processing digital 

data. Large area synoptic survey with a rapid repeat time is usually 

matched with large pixels (low space resolution). Satellites with high 

105 

104 

103 

102 

? 

0 
P 

:: 
10 

1 

10-1 

10-s 

NOAA-7.8 
9VHRR 

NIMBUS-7 

czcs 

c 
LANDSAT 

- 

- 

2 
E 
I 

E 3 
id 
4 

10” 1 10 102 103 104 

Time Idays) 

Figure 2. Resolution and extent of data platforms in time 

and space dimensions. 
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space resolution (small pixel size) generally cover smaller regions and 

visit them less frequently (see Figure 2) which reduces their effective 

time resolution. This different form of trade-off, in which the cost 

effectiveness of satellite systems increases as their operational 

lifetime, allows satellites to provide another degree of freedom in the 

design covering the full space and time range of the phenomena of 

interest in the GBR. 

However, the total value of a sensor deployed on any of these 

platforms depends on its spectral resolution and extent and the intrinsic 

ability of spectral data to define the physical parameters of interest. 

Spectral resolution refers to the width of the spectral region 

over which an observation is integrated and spectral extent to the range 

of wavelengths involved. Useful remotely sensed data come from many 

spectral bands ranging from the Ultra-violet to radio frequencies. 

Individual sensors, however, can only handle a limited combination of 

spectral resolution and extent. 

3.2 The instruments available 

Table 1 lists the most important of the instruments available at 

the present time and some of their proven applications. These 

instruments can be carried as sensors by a number of platforms, including 

satellites, aircraft, ships and even buoys. Moreover, matching sensors 

from Table 1 with platforms from Figure 2 may form a basis for designing 

a set of remote sensing applications to cover the phenomena plotted in 

Figure 1. 

Some of the wide ranging uses to which these sensors have been 

put in oceanic and water quality measurement can be found in the Cited 

References and Additional Reading lists of this report and in Middleton 

(1983). 
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3.2.1 Optical remote sensing 

Optical remote sensing sounds the Euphotic (or photo-productive) 

zone. In the GBR this may be the first 20 metres depth near the reefs 

and much less near the coast. 

Generally speaking, the optical properties (or ‘colourl) of 

water depend on the underlying appearance of pure water (blue) modified 

by dissolved substances, inorganic and organic suspended particles as 

well as water depth and the nature of the sea floor. It is still not 

established whether an analysis of multispectral data can resolve all of 

these effects at a single point. However, it is well established that in 

restricted circumstances multispectral data can be used to resolve some 

of them, and that instruments may be flown from spacecraft to do it 

(Gower (Ed), 1981). 
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In shallow waters, when suspended particles are not disturbing 

the signal, and water depths are of the order of 25 metres and less, then 

multispectral instruments can map bathymetry with fair accuracy (&k&a 

et al., 1981; Jain et al., 1981; Shiver, 1981). 

For deep waters where organic suspended particles form the main 

factor modifying colour, Morel and Prieur (1977), Austin and Petzold 

(1981) and Clark (1981) have derived algorithms which measure ocean 

chlorophyll from spectral bands with specific resolution and extent. When 

the data are sensed from space, successful application of their methods 

also depends on careful correction for atmospheric and sea surface 

effects. 

More generally, Moore (1980) and Johnson and Harriss (1980) 

describe how aircraft and spacecraft flown multispectral data can resolve 

a variety of ocean parameters more or less quantitatively depending on 

the complexity of the situation. 

The relationship between fluorescence and chlorophyll A 

concentration has been used to measure phytoplankton for many years 

(Yentsch and Menzel, 1963; Strickland and Parsons, 1968; Kiefer, 1973a). 

With highly sensitive instruments, the natural fluorescence of 

chlorophyll may be used to infer phytoplankton abundance from airborne 

imaging systems (Neville and Gower, 1977; Gower, 1980; Gower and Borstad, 

1981) . This fluorescence may also be usefully induced with a laser as 

described below. 

3.2.2 Thermal remote sensing 

Optical remote sensing records the light which is scattered and 

reflected by the water column, the sea floor and any other components of 

the image. The signal is modified by the selective absorption of light 

by the different scene components to give them their characteristic 

signatures. 






















































































