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SUMMARY 

An integral part of any land cover mapping program is the 
selection of a suitable classification scheme for use at any 
specified scale, for any designated area, and within the 
capability of the information gathering techniques being used. 
Presented in this paper is a classification system which can be 
used in ground data collection or with aerial and orbital imagery 
for making surface cover and zonation interpretation maps. The 
classification system is designed to facilitate rapid and 
accurate identification, labelling and determination of 
significance of 'geomorphological reef features by the image 
interpreter and ground data collector. 
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1. INTRODUCTION 

An integral part of any mapping program is the selection 
of a suitable classification scheme for use at any scale, for any 
area, and within the capability of the information gathering 

techniques being used (Anderson, 1971). In this paper, a 
classification system for reef covers and zonation for use with 
remotely sensed Great Barrier Reef (GBR) data is presented. It is 

designed for use with ground data and with aerial and orbital 
imagery for the labelling and recording of interpreted reef 

features on coral reefs of the GBR. 

This paper is one of a set of three Technical Memoranda 

(TM) prepared for the Authority, the other two being of secondary 
importance. One, titled “Reef cover and zonation classification 

system for use with remotely sensed Great Barrier Reef data: User 
Guide and Handbook (TM-9 ) ” (Kuchler, 1986b), describes and 

illustrates the operational use of the system presented here. A 
model handbook is detailed for easy and efficient user operation 

of, and recording from, the classification system. In the other 

paper, titled “Geomorphological nomenclature: reef cover and 

zonation on the Great Barrier Reef (TM-8)” (Kuchler, 1986a), a 
nomenclature for reef covers and zonation is detailed. It forms 
the basis of the classification system presented here. 

The nomenclature paper was designed as a secondary 
document since this paper (TM-7) is the principal reference 

and therefore has primary relevance to data description and 

labelling operations. 

A nomenclature was required for the.classification system 
because scientists tend to label reef features without the aid of 

any generally accepted nomenclature, and therefore without 

consistency (Kuchler,. 1986a). 
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Figure 1. Location of reefs. 
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Ground data and image interpretation maps of the GBR are 
required for a major study, the Barrier Reef Inventory ANalysis 
(BRIAN) project (Jupp et al., 1981a,b; Jupp et al., 1985). BRIAN -- -- 
is evaluating the cost-effectiveness of remote sensing methods 
for detecting and monitoring geomorphological features on reefs 
of the GBR. Standardised definitions and labelling of such 
features is of prime importance because of the need to cross- 
compare various maps and data sets. 

The interpretation of remotely sensed imagery involves 
the completion of four steps; 

0 detection of features; 

0 recognition and identification of features; 

0 analysis and delineation of patterns; 

0 and classification of features. 

In steps two and four, observed features are identified 

bY interpretation of spatial patterns and 'colour' (or spectral 
data) and then classified into known categories. This is possible 
only if the interpreter has a certain knowledge or reference 
level which may be either of a general nature, such as knowledge 
of the whole GBR region; or be associated with the interpreter’s 
specific professional knowledge, such as the resolution of the 
remote sensing system, the scale of data and the user’s data 
needs (Witmer, 1978). 

Use of a classification system, then, requires some 

background knowledge of the specific subject being classified, 
and is a requirement of the GBR system presented here. 



2. CLASSIFICATION PURPOSE 

According to Harvey (1969), the many purposes of 
classification can be grouped into two types; general or 
'natural' classification, and specific or 'artificial' 

classifications. Two classification systems are currently being 
presented for the GBR, namely the "Reef cover and zonation 

classification system for use with remotely sensed Great Barrier 
Reef data" presented here, and the 'Simple entropy classification 

of surficial cover types on reefs' developed by Radke (1983). 

The classification systems are both of the 'artificial' 
type and have been devised for specific purposes. The two systems 
differ however, because of the specific and different needs of 

users, and in the criteria by which reef features are classified 
into comparable assemblages. 

Radke's classification system was developed for 

geologists requiring a classification based on the distribution 
and nature of sedimentological facies within the reef complex. 
Radke (1983) states that 'the classification has a substrate and 
sedimentological bias but is intended to complement other 
classifications by superimposition'. 

In comparison, the classification system presented here 
is developed primarily for GBR remote sensing where a 
classification based on surface reef covers and zonation (as 
observed both on the ground and through varying marine and 
atmospheric conditions on aerial and orbital imagery) is 
required. 

Adoption of these classification systems will allow a 
more clear and efficient communications between GBR scientists. 
Stoddart (1969a, in Longman, 1981) points out that "what is - 
needed is standardised procedures to ensure comparability of reef 

studies and the identification of variations in reefs both on 

local and regional scales..." and Longman (1981) adds; 
!I . . . through time." 
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The first step to providing the standardisation is to 

recognize the user’s needs (needs of geologists differ from those 
of biologists), and then to classify reefs into comparable 

assemblages according to the parameters which are important. 

Harvey (1969) states that purpose and classificatory form are 

inextricably bound up together and the utility of a given system 

of classification cannot be assessed independently of its 

purpose. 

The classification system presented here (Appendix II) 

was devised for two principal purposes: 

Firstly to provide an objective and consistent 
framework for geomorphological information on surface 

reef covers and zonation which could be derived from 
remote sensors and field data. This information could 

then be applied to coral reef resources planning and 

management throughout the Great Barrier Reef 

province. 

Secondly to provide a means for comparing and 

evaluating the various interpretations of aerial, 

orbital and ground data on the Great Barrier Reef. 
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3. METHOD 

Grigg (1965) states that classification is the grouping 
of objects into classes on the basis of properties they have in 
common. The system presented here evolved from generally accepted 

classification concepts, and from a combination of two approaches 

to land cover classification. 

3.1 Classification concepts 

Given the two purposes listed previously, the following 
concepts were used in designing the classification system: 

The concepts of land cover mapping and its 
classification, as outlined in Appendix I, should be 
followed as closely as possible. 

The system should be a utility for recording 

interpretations of at least, Great Barrier Reef Landsat 

satellite and high and low altitude airborne imagery and 
ground data. 

Reef cover mapping can be done at many levels of detail. 

Image interpretation and ground data indicate that the 
classification should be designed on a least five levels 

of detail. 

The classification categories and classes should be 

expressed in the coral reef nomenclature proposed for 
adoption by Kuchler (1986a). 

l The categories and classes presented should at least 

include the information sought by the remote sensing of 

coral reefs project conducted by Jupp et al., (1981a, b) -- 
and Kuchler (1984). 
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The classification should be open-ended and easy to 

revise, since this work should be regarded as a focus for 
constructive criticism which will, with recommendations, 
evolve after revision into a classification system which 
will have considered all possibilities for the GBR (cf 
Ryerson and Gierman, 1975). Recommendations for revision 
should arise from colleagues after observations on 

currently unvisited and undocumented reefs. 

3.2 Approaches to land cover classification 

The first land cover classification approach used to 
construct the classification system is the image or 
classification approach. Here a geomorphological study of the 
available remotely sensed imagery, available ground data, and 
available GBR literature determines the types of reef zones and 
covers occurring on the GBR. Each feature is examined 
individually and some property (or properties) of it is used as 
the criterion (or criteria) for relating it to other features. 

The second approach used is the logical division 
approach, where the classification system is built on information 

needed by the potential user (Ryerson and Gierman, 1975). In the 

classification system a created class is sub-divided into 
hierarchical levels on the basis of need. In the situation 
considered here these comprise reef zones and covers. In this 

deductive process, the entire range of GBR cover types should be 
considered before classes are created, since this makes the 
classification applicable to all reefs in the GBR. However, the 
total applicability to the GBR of the classification system 
presented here is constrained by research being concentrated on 

the more accessible reefs, and by the lack of ground and low 
level aerial data for many reefs (Kuchler, 1986a). 
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3.3 Listing reef terms 

The classification system resulted from a combination of 
both these inductive and deductive processes. In the inductive 
process, pilot interpretation studies of the color aerial 
photographic and orbital multispectral scanner imagery available 
for Arlington, Green Island, Wheeler, Boulder, Upolu, Wistari, 
Heron Island and Howie Reefs (Figure 1) resulted in a listing of 
the reef zones and reef cover classes which occurred. 

The pilot' studies involved constructing interpretation 
maps from the color aerial photographic imagery at 1:12 000, 
1:25 000 and 1:50 000 scales and interpreting sample sites 
approximately 79 by 59m in size, on LANDSAT MSS satellite 
imagery. These sample sites are approximately equivalent to the 
smallest unit of resolution on a Landsat image (pixel). Then the 
available ground data, collected mainly by transect methods for 
Heron Island, Green Island, Escape, Peart, Feather and Cayley 
Reefs (Figure l), were examined to see if any additional reef 
zones and surface covers could be added to the list. The GBR 
literature survey of reef terms (Kuchler, 1986a) was finally 
consulted for additional reef zones and reef cover classes. 

In the inductive process, however, the entire range of 
possibilities of reef cover types were not included in this data 
list. Also excluded were all the possible properties which could 
be used as criteria in assigning reef covers to classes at the 
various levels in the classification system. This is because of 
three factors; 

only a small number of reefs (eight) in relation to the 
total number of reefs (more than 2 000 individual reefs) 
(Done, 1982) on the GBR were used in the pilot study; 

l the inadequate coverage of the GBR in the literature 
(Kuchler, 1986a); and, 
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the inadequate present coverage of the GBR by low level 

aerial photography. 

The classification system may therefore need to be 

extended when applied to some of the presently undocumented reefs 

north of Cooktown on the Queensland coast and some of the Ribbon 

Reefs (Maxwell, 1968) on the outer barrier of the GBR (Figure 1) 

because the collection of data from these two regions has been 

neglected (Kuchler, 1986a). 

Consequently, the inductive procedure frequently results 

in the need to re-examine the use of particular criteria so that 
the relative importance may be adjusted to the hierarchy created 
within the classification system (Grigg, 1965). 

In the deductive process, information about the type of 

reef cover class generated in’the inductive process and needed by 
the interpreter of the reef imagery and the collector of field 

data is added to the list. Thus, the initial list of reef cover 

classes created in the inductive process is supplemented, in the 

deductive process, by additional information on all possible 

occurrences being considered. A final list was then sub-divided 

as far as possible into hierarchical levels on the basis of the 

purpose for the classification. Witmer (1978) states that since 

the US Geological Survey land-use and land-cover classification 
system is capable of being extended to more finite levels of 
classification, the inductive and deductive processes meet at the 

particular level in which the user has the most interest. 



4. RESULTS 

The classification system is based on a standardised 
nomenclature (Kuchler, 1986a) and is designed to facilitate 
rapid, accurate and consistent labelling of geomorphological reef 

features by the image interpreter and field data collector. A 
library reference of definitions and illustrations for each 
feature is provided with the classification system (Appendix 
IIb). Bigelow (1963) states that the interpreter, in using a 

classification system for reference, creates memory associations 
between mapping features and this process will often increase an 
interpreter’s ability for deductive reasoning. 

4.1 Classification component 

In satisfying the two principal purposes for the 
classification system a semi-hierarchical five-level 
classification system was designed (Appendix IIa). 

4.1.1 Hierarchical component 

The classification system becomes hierarchical when the 
user records ‘unit 1 is included in unit 2’ because the inclusion 

of one unit within another induces a simple hierarchical 

structure. Also, hierarchical criteria such as ‘zones’; ‘reef 

features’ ; ‘composition and position’; ‘condition, pattern and 

morphology’; and ‘presence’ are used to categorise the entries 

into five levels. This means that a ‘reef feature’ is a smaller 

unit included within a larger unit, a ‘zone’; ‘composition and 

position’ are smaller units included within a larger unit, a 

‘reef feature’ and so on. 

Such a hierarchical component allows data which refers.to 

the different spatial scales of surface reef covers within 

ground-based and aerial and orbital imagery mapping to be 

classified. For example, the interpreter of Landsat imagery would 

use this hierarchical component but in the detailed mapping of 

ground data it would not be used. 

-lO- 
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Thus, the design of any classification system for use 
with remotely sensed and ground data must consider the various 

scales of the data being categorised. The design of the 

classification system presented here had to allow for the use of 
the classification system at any scale in the range from 1:l to 
1:l 000 000 (Figure 2). 

Figure 2. The mapping scales for which the GBR classification 
system is designed. 
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4.1.2 Non-hierarchical component 

The hierarchical structure breaks down when unit 1 can be 
included in unit 2 as well as in unit 3. This non-hierarchical 
component was included to allow for the classification of mixed 
data. 

Mixed data occurs when a mapping unit is composed of a 
mixture of surface covers and/or zones. Thus, it can be 
classified into more than one category within any hierarchical 
level in the classification system. Two examples of mixed data 
are: 

0 the mixed pixels or 'mixels' which occur on GBR satellite 
imagery and which result from a combination of a 
relatively high spatially resolving data recording 
system and the small spatial extent of coral reefs; 

and, ground data collected from sample sites which, when 
determined by random sampling methods, can often occur on 
the boundaries between reef zones (Kuchler, 1984). 

At the zonation and reef feature mapping scales, often 
the surface reef cover is not of a single type but rather of 
diverse and multiple reef cover types. Consequently, these 
situations require the interpreter of remotely sensed imagery and 

the ground data recorder to consider several similar class 
entries simultaneously. The classification system has therefore 
to allow several class entries to be chosen from each 
classification level, thus giving it a non-hierarchical 

component. 

Hallum (1972) states that, from space altitudes, many of 
the ground resolution elements are individually composed of a 

mixture of object categories and many of the data points 
generated by multispectral sensors are not characteristic of any 

one object category. This problem is commonly referred to as the 
'category mixtures' problem. 
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4.1.3 Categorised entry component 

The classification system also has some multi-categorised 
entries which result because some entries group into more than 
one of the levels. For example, the entry ‘beach’ is categorised 

into both Levels II and III (Appendix IIb). This occurs because a, 
‘beach’ is both a feature (Level II) and the composition of a, 

feature (Level III), as in the term ‘beach ridge’ where ‘ridge’ 

is the reef feature and ‘beach’ is the composition. 

The five-level classification system (Appendix IIb) is 

designed specifically to categorise data recorded at many scales; 

Level I of the classification system is for the 

classification of data into zones; 

Level II for reef features; 

Level III for composition and position; 

Level IV for condition, pattern and morphology; and, 

Level V for presence. 

These specific levels of the classification system proved 

to be appropriate for data classification when tested using 

ground and aerial and orbital image data. 

The definition and illustration of the nomenclature 

(Kuchler, 1986a) used in the classification system is given’in 

Appendix II together with the classification system itself. The 
definitions of the nomenclature are those given in the comment 

sections of Figure 4 in Kuchler’s PhD thesis, “Geomorphological 
Separability, Landsat MSS and aerial photographic data: Heron 

Island Reef, Great Barrier Reef, Australia”. 
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The definitional and illustrative information presented 
together with the classification system means reef class 
information may be transmitted in a standardised form; reef 
classes may be replicated; or, compatible information may be 
added to the classification. The central characteristics of each 
classification category are defined in the heading of the 
category and the boundaries or limits of each entry are provided 
by the definitions and illustrations. 

As the classification system was partly designed for 
recording interpreted data from remotely sensed imagery, features 
which can occur on an image but which are not 'purely' 
geomorphologic (Kuchler, 1986a) were also included. Examples are: 

0 the imagery features in Level I (Cloud Shadow); 

the artificial features (Wharf, Boat) and crude 
biological differentiations (Algae - Macro, Algal 

Encrustation) in Level III; 

l the environmental states in Level IV (Live State, 
Mixed live/dead State); 

l and, the water depth categories in Level V. 

4.2 Coding symbols 

Numerals, special characters, upper and lower case 
alphabetical letters and combinations of alphabetical letters and 
numerals were all considered as possible coding symbols for the 
entries. The numerals 5 to 49 were chosen for two reasons: 
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The aim was to employ a simple coding symbol that could be 
used in a systematic recording system from which the five 
levels of the Classification System could be deduced and 
not included in the method of recording. In transferring 
data a shorter, simpler and therefore more accurate 

communication exists with numerals than with alphabetical 
letters. In creating computer files of coded data, 

numerals can be typed into a file considerably faster than 
classified data in the form of upper and/or lower case 
alphabetical letters. This time factor is especially 
important when a large number of data entries are 
involved. 

The combination of a simple coding symbol and a systematic 
recording system, from which the five levels of the 
classification system could be deduced and not included in 
the method of recording, was not possible with either 
special characters, wpe r and 'lower case alphabetical 
letters or combinations of alphabetical letters and 
numerals. By using numerals greater than four and less 
than 50, a simple coding system was established. 

4.3 Testing of classification system 

Harvey (1969) states that we possess no means of 
assessing the adequacy of efficiency of a given classification 
independently of the job it is designed to do. The "Reef cover 
and zonation classification system for use with remotely sensed 
Great Barrier Reef data" was tested against eight of Anderson's 
(1971) 10 criteria (Appendix I). The first two criteria, that; 

the level of accuracy in the interpretation of the 
imagery should be 90 per cent or better; and, 

the accuracy of interpretation for several categories 
should be about equal; 
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were not strictly tested because they depend heavily on the 
interpreter, s skills, background knowledge of remote sensing and 
ground knowledge of the individual reefs used in the tests. 

Four image interpreters and seven ground observers were 
used in the tests which took place during the following: 

ground data collections using both transect and sample 
site methods on Heron Island and Green Island Reefs; 

the construction of interpretation maps (1:5 000, 
1:12 000, 1:50 000) from colour aerial imagery of Heron 
Island reef, Green Island and Arlington Reefs; 

the interpretation of 361 sample sites equivalent to a 

40 m ground radius on 1:12 000 and 1:25 000 aerial 
imagery of Heron Island Reef; and, 

the interpretation of 361 sample sites of approximately 

79 x 59 m each (size of one pixel) on each of Escape, 

Peart, Cayley, Feather and Howie Reefs (Figure 1). 

The classification system manifested repeatable results 
between users; to accommodate for multiple selections from any 
classification level (as required by ‘mixels’ for example); to be 
satisfactory for the classification of ground, aerial and orbital 

data from the eight reefs used in the test; and to be suitable 
for use with seasonal data. 

The minimum mapping level utilised in the classification 
system proved in the tests to depend on the user’s needs and 

purpose, the scale of the data (ground, aerial or orbital), the 

interpreter’s skills, quality of the imagery or ground 

conditions, type of imagery, and degree of image manipulation. 


















































































































