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ABSTRACT 

An attempt was made to establish procedures whereby green 

vegetation cover and where possible species composition were 

identified using Landsat Multispectral Scanner (MSS) imagery 

over three regions in Northern Territory . To provide a 

comparison of vegetation spectral response under different 

climatic conditions three Study Regions, each 1 120 k.m2 were 

chosen to represent sub-tropical, semi- arid and arid zones . 

Digital data were acquired on 2 . 5 .91 for King River (sub

tropical), on 29.12.90 for Ba rkly (semi-arid) and on 29 . 12.90 

for Simpson (arid ) . Field work took place at all locations 

co-incide ntal ly with the satellite overpass . Twenty field 

sites, each 25 600 m2 were chosen in each region. Percentage 

green vegetat i on cover, live a nd dead herbaceous cover , dead 

wood and litter were obtained from each site . Antecedent 

rainfall and time of year constraints were such that the sub

tropical region involved the spectra l separation of green 

vegetation cover from dead herbaceous cover, soils and plant 

litter components . Background components were mainly soils in 

the semi - arid and arid zones. Green vegetation cover ranged 

from 31-39% in King River, from 23 - 28% in Barkly and from 3- 9% 

in Simpson. King River region had the highest plant cover 

(0.21} and species richness (0.54) indices per unit area with 

Eucalyptus spp. and Erythroph leum chlorostachys being the most 

prevalent species. The Bar=kly region had inter mediate p fant 

count cover (0.13} a nd species richness (0 . 44) indices with 

Acacia soo. and Ventilago viminalis as the most prevalent 

species. Simpson region had the lowest plant c ount (0 . 11} and 

species r ichness (0.17) indices with Acacia spo. and 

Sclerolaena soo. most prevalent . 

Hand held radiometer results showed similar vegetation 

reflectance characteristics for each Study Region. In all 

regions little direct assoc iation was found between single band 

values (and band transforms) and the proportion of green 

vegetation cover . The abi lity of MSS data transforms to 

predict green vegeta tion cover decreased as vegetation cover 

decreased. The measurement of incremental vegetation cover over 

different background components (combined spectra ) resulted in 
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the grouping of vegetation cover types into Type 1 darkening, 

Type 2 partial darkening and Type 3 highly reflective NIR 

vegetation groups . The latter were most prevalent in King 

River over soils and senesced vegetation backgrounds. 

Darkening and partial darkening types were prevalent in all 

study Regions but mostly in the arid regions. Throughout all 

regions specific reflectance relationships were soil type and 

species type dependent. 

Spectral plots of digital data over field sites enhanced 

characteristics inferred from radiometer results . The 

relatively low visible and high near infrared (NIR) reflectance 

of King River resulted from the higher proportion of green 

vegetation cover . Curves for Barkly and Simpson showed a 

closer approximation to soil curves with darkening evident in 

the NIR , especially in Barkly. Two- dimensional plots showed 

that key darkening species from monospecific stands could be 

identified. These were Acacia shirleyi in King River, Acacia 

georginae in Barkly and Acacia aneura in Simps on. Green 

vegetation cover was separable at high NIR reflectance values 

when the total green cover exceeded 45%. Below 45% cover 

darkening species were evident. A series of band transforms 

and Principal Components Analyses (PCA) were run on the three 

regional data sets prior to channel selection for 

classification. In King River a file containing twenty four 

channels was created containing single bands, trans forms and 

PCA results. These visually showed good green vegetation 

separation . The four channels finally selected for 

classification input showed highest correlations using analysis 

of variance of regression. Fifteen channels were visually 

chosen in Barkly and five were statistically selected for 

classification input. All channels (37) were chosen in Simpson 

due to problems with visual separation of processed data. 

However, dark pixel corrected inputs were used for final 

classification of Simpson due to problems in channel selection. 

Classification algorithms were run on all selected data sets . 

Maximum likelihood classifiers produced the most spatially 

acceptable green vegetation cover data compared to aerial 

photograph and random field check data. 

The classified maps showed nine vegetation classes in King 
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River including mainly NIR reflective but also darkening 

classes. Nine vegetation classes were also identified in 

Barkly, including mainly darkening but also NIR reflective 

classes. Four vegetation classes were mapped. While species 

were scattered throughout the classes specific darkening and 

NIR reflective species were identified in each class area . 

High classification accuracies were ascribed mainly to the 

statistical c hannel selection techniques applied prior to 

classification. 
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CHAPTER 1. INTRODUCTION AND OBJECTI VES 

1.1 INTRODUCTION 

1 

Remote sensing has become the prime source of information 

for many aspects of global moni taring . In order to monitor, 

model and predict the global environment it is necessary to 

generate multitemporal, spatially comprehensive data sets of the 

whole earth (Townshend, 1990). In this study Landsat MSS 

imagery, in conjunction with hand held radiometer data is used as 

a predictive tool for determining species types, species mix and 

overall vegetation density 1n three contrasting regions of 

Northern Territory . 

Little study has been carried out in Northern Territory 

using satellite data to determine the interaction of soil and 

vegetation spectral characteristics, and how these 

characteristics vary under conditions of different species and 

different soil types throughout three climatic belts . Previous 

studies have concentrated on area mapping for the detection of 

weed infestations (Fitzpatrick et al., 1990) and soil erosion 

studies relating to range management (Pickup and Nelson, 1984, 

Pickup , 1985 and Pickup and Foran 1987) and vegetation studies 

for defence related purposes (Orr and Morgan, 1990) . Using 

Landsat multispectral (MSS) imagery visual interpretation of 

vegetation cover was carried out in northe rn Australia (Laut and 

Nanninga 1985) and broadscale vegetation mapping for Northern 

Territory has been accomplished (Wilson et al . , 1990, 1991) . 

1 . 2 GENERAL BACKGROUND 

The Australian continent covers an area of 7 . 7 x 106 krn2 

(Williams, 1979), of wh ich seventy percent is classed as arid or 

semi- arid (Barker and Greenslade, 1982 ) . A subtropical belt 

e xtends along the north and eastern coast where temperatures are 

high throughout the year but rainfall shows marked seasonal 

variations. Monsoon rains can penetrate about 500 km inland to 

the arid i nterior where they are reduced by local convection 

thunderstorms. Small pockets of Mediterranean climate exist in 

the sout h- west and south- east, although the extreme south- east is 

more temperate . While thirty- nine percent of the continent 

receives less than 250 mrn rainfall per annum the variability of 

inland Australia is ten percent above the world average for 

places with the same annual rainfal l (Williams, 1979) · 



2 

During the Tertiary and late Mesozoic much of the land 

surface of Australia was subjected to levelling by erosion and 

intense weathering producing large areas of strongly leached 

soils (laterites) . Newer soils developed on remnants, or on 

redeposited sediment, where Tertiary or pre Tertiary soils 

eroded . Many soils show a strong contrast between the top soil 

and lower horizons. Generally there is a low availability of 

plant nutrients, in particular phosphorus and nitrogen, which has 

induced a general tolerance for infertile soils by most plants 

(Boland et al., 1984). 

Foran et al. ( 1989) stated that seventy five percent of 

Australian land was rangeland, with the arid inland playing the 

largest part but with the sub-tropics also of importance. Most 

of the Continent lies at an altitude of below 300 m, while a 

small area around Lake Eyre lies below sea l evel (Beadle, 1981). 

A large proportion of the interior is covered by sand deposits 

that have been blown into dunes in the past but are now 

stabilised by vegetation. There are also areas of low emergent 

ridges or isolated hills, the residuals of ancient ranges or 

plateaux. 

Natural vegetation was probably prevalent until around 1788 

when European settlement began. Present vegetation has likely 

been affected by European land management practices such as 

cattle grazing. This has led to the emergence of different 

sequences of vegetation during and inunedi~tely following critical 

periods of high rainfall and drought as compared to pre-European 

conditions (Griffen and Friedel, 1985) . The changes occurred at 

Foran -=e_,t'----'a=l ( 1989) showed that discrete periods in time. 

rangelands were affected by loss of soil, presence of erosion 

gullies, salinisation and grazing out of fodder plants, in 

particular perennial grasses. In addition a n i ncrease in shrub 

encroachment was occurring throughout all rangeland states 

crowding out palatable species . 

The subtropical zone is characterised by eucalypts as the 

dominant canopy spec1es, prevalent over lateritic soils 

containing a high proportion of sand or gravel. In the semi-arid 

zones Acacia and Casuarina are the dominant species on both sandy 

and stoney soils (Northcote and Wright, 1982). These species are 

particularly well suited to aridity. Eucalypts have layers of 
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hard cells beneath the leaf surface which remain rigid during 

drought preventing tissue collapse, while most Acacia have 

enlarged flattened petioles resulting i n a phyllodineous 

condition (Newman , 1989). Scleromorphy has developed in many 

vegetation types in the form of hard, stiff, tough foliage. This 

is thought to be an adaptation primarily towards survival in 

nutrient deficient soils (Beadle 1966) . 

Arid landscapes of Australia are characteristically flat or 

gently undulating with a general relief of less than 50 m 

(Mabbutt, 1977). The largest proportion of the arid lands are 

sand plains and dune fields with extensive areas covered with 

iron-stained gravels. All the soils of arid lands are red, with 

the exception of grey and brown clays of inland river floodplains 

(CSIRO, 1983) . Graetz (1987) defines the semi - arid and arid 

lands of Australia as those areas in which rainfall 

"effectiveness" precludes cropping or pasture improvement. 

Rainfall effectiveness is determined by seasonal distribution, 

reliability, annual total and by hydrological characteristics of 

soils. These may preclude cultivated agriculture on some areas 

that are climatically sui ted. In many arid regions hummock 

grasslands have replaced the woody communities found elsewhere 

while Atriplex and Maireana halophytic shrublands have replaced 

taller communi ties on clayey soils (Beadle, 1981) . Hummock 

grasslands cover at least 22% of the Continent, primarily on 

sandplains and dunefields of late Quaternary origin in the semi

arid and arid interior (Griffin, 1990) . Vegetation types 

throughout Australia show specific characteristics to cope with 

the stresses related to extremes of rainfall and temperature. 

The ground flora in Northern Territory, for example, is adapted 

to persist through dry seasons rather than fully utilise moisture 

in the wet season (Christian and Slatyer, 1958) . Figure 1. 1 

shows a map of the extent of different vegetation types in 

Northern Territory, as defined by Carnahan (1986) . 
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Australian lands have been subjected to lightning initiated 

fires and traditional burning since the arrival of Aboriginal man 

probably about 50 kyr B.P.( Roberts, (..t <1\ .,t 'lfiC). 

Eucalyptus and Acacia species have the ability to cope well with 

fire, however, fire tends to favour grasses a nd reduce woody 
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species (Latz and Griffen, 1978) . Griffen and Friedel (1985) 

suggested that if the woody component that supports the stability 

and productivity of central Austral ian landscapes is to be 

maintained or improved, then a dramatic reduction of browsing and 

grazing pressure at critical times after fire and drought is 

necessary. 

1.3 LANDSAT SATELLITE CHARACTERISTICS 

1.3.1 Introduction 

Sensors from the ground, an aircraft or from a 

satellite can record electromagnetic radiation that is reflected 

or emitted from the earth's surface . The Earth's aquatic, 

atmospheric and terrestial environments can be measured and 

mapped using such data. For the purpose of this study Landsat 

Multispectral (MSS) data was used. 

Graetz (1987) has found that landforms in Australia offer no 

special problem to remote sensing by satellites. Early remote 

sensing work such as that by Talbot and Pettinger (1981) 

underscored the usefulness of satellite systems for monitoring 

deforestation in tropical and sub-tropical latitudes. 

Landsat 1, an American satellite, was first launched in 19 7 2 

under the name of Earth Resources Technology Satellite 1 (ERTS-1) 

but it was renamed Landsat 1 in January 1975 . Data from Landsat 

5 was used in the present work. The orbiting system is near

polar and sun-synchronous. The satellite images the earth in 

parts of the visible and near-infrared region of the electro

magnetic spectrum (Figure 1.2) that are identified as Channels or 

Bands 4, 5, 6 and 7 in the satellite's sensor system. Landsat 

orbits at an altitude of 705 km and has an instantaneous field 

of view (IFOV) of 82 m x 57 m, a spectral resolution of four 

bands and a temporal resolution of sixteen days with each full 

orbit taking about one hundred minutes. The equatorial crossing 

time is 0930 hr. 

Two sensors are carried by the satellite, a multispectral 

scanning system (MSS) and a Thematic Mapper (TM) scanner. The 

four data collection sensors of the multispectral scanner are 

sensitive to different spectral bands of radiation. Band 4 (0.5-

0.6 ~m) detects green visible light, Band 5 (0.6-0 . 7 ~m) detects 

red visible light while Band 6 (0.7-8 ~m) and Band 7 (0.1-1.1 ~m) 
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detect in the near infrared . Near infrared (NIR) bands are 

primarily used to sense chlorophyll content and physical 

structure of plants. They are also useful for distinguishing the 

boundary between land and water since NIR is absorbed by water, 

resulting in a strong contrast at the landjwater interface. 

Together the four Landsat bands provide a near automatic 

classification of the earth into water, soil and vegetated 

components (Jupp et al., 1985). 

The MSS sy~tem ha~ si~ sensors for each chann~l allowing six 

image lines to be recorded during each scan . The radiance 

recorded is converted into a continuous electrical signal which 

is recorded as 6 bit data ( 64 levels) . This is rescaled to 

account for calibration differences between the sensors, and 

distributed in 8 bit format (256 levels). The satellite travels 

from north to south while the scanning systems scan west to east. 

Due to the earth's rotation this produces the western skew 

characteristic of Landsat imagery. Subsequent geometric 

rectification is required to relate image features to a map base. 

A 185 km swath is achieved as the scan lines extend up to 92 . 5 km 

on either side of the sub- satellite track resulting in images 

which are nominally 185xiSSkm. 

In Australia the ground receiving station for Landsat is in 
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Alice Springs. Landsat data is readily available from the 

Australian Centre for Remote Sensing (ACRES) in Belconnen, ACT, 

which has routinely been receiving MSS data since 1979 (Harrison 

and Jupp, 1989). Here the paths are subdivided into rows to form 

18 5 km2 scenes. A path number (east to west location) and row 

number (north to south position) are used to reference each 

scene . Scenes can be ordered as photographic prints or computer 

compatible tapes (CCTS). Digital data can be ordered at full or 

quarter scenes on 1 600 or 6 250 bpi magnetic tapes or on high 

density (1.2-1.5 Mb) floppy disks. 

An image consists of 2 400 lines with each line represented 

by 3 240 pixels . Defects in the MSS sensor results in noise 

which must be removed. Atmospheric and geometric errors also 

occur. Hand held radiometry senses data in the same wavelength 

bands as the satellite and avoids atmospheric problems by not 

viewing the earth twice through the atmospheric column. 

1 . 3.2 Reasons for u s ing Landsat MSS 

1. The areas considered were mainly rangeland environments with 

relatively homogeneous vegetation types so a low resolution 

(80x80 m pixel size) system was adequate . 

2. Landsat MSS data was relatively inexpensive compared to SPOT 

and Landsat TM and this had to be a consideration due to funding 

limitations. 

3 . Many world wide , background studies on green vegetation cover 

have used Landsat MSS, thereby providing a useful comparison with 

the present work . 

4 . As the data were available in digital form this facilitated 

image analysis and the presentation of enhanced or classified 

products using exist ing facilities at Northern Terrritory 

University. 

5. Although Landsat 6 probably will not include an MSS system 

continu ity in this area is provided by the Japanese Marine 

Observation Satell ite (MOS -1 ) system . 

1.4 OBJECTIVES OF PRESENT WORK 

The objectives of the work are as follows : 

1 . To compare at MSS wavelengths the spectral response of 

vegetation and background components considered exemplary of sub

tropical, semi - arid and arid regions of Northern Territory. 
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2 . To describe vegetation types and species composition in the 

three regions. 

3. To define trends relating to increasing vegetation cover over 

background components using a hand held radiometer . 

4. To assess various image processing techniques and to provide 

i ndications as to which techniques are most useful in separa ting 

out green vegetation cover from background components in the 

three regions. 

5. To develop maps showing the main spec i es types, species mix 

and overall green vegetation (tree and shrubs) density in the 

three regions . These could be used as a basis for subsequent 

analysis of vegetation change over time. 
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CHAPTER 2. BACKGROUND LITERATURE AND VEGETATION INDICES 

2.1 BACKGROUND LITERATURE 

2.1.1 Remotely sensed data and vegetation mapping 

The interpretation of rangelands using remotely sensed data 

to map vegetation cover, has always been difficult due to 

spectral contributions from complex mixtures of species, green 

and senescent vegetation, soil and shadow contained in the data. 

To be of use for rangeland monitoring the spectral contributions 

from vegetative and nonvegetative components must be assessed . 

Tucker (1977) developed remote sensing techniques for 

evaluating spatial and temporal variations in rangeland biomass 

and condition in the United States. Mouat et al . (1981) 

demonstrated the use of remote sensing for assembling an 

integrated resource inventory in semi - arid and arid conditions 

including the production of resource maps. A listing of research 

in remote sensing on desertification, hence rangeland monitoring, 

is available for the period up to 1981 (Walker and Robinove, 

1981). Development of land- use change methodologies using multi

temporal Landsat data sets in semi - arid range assessment was 

undertaken by Bryne et al . ( 1980) using Principal Components 

Analysis and by Frank (1984) using residual images derived from 

the differences between predicted and actual change. Early work 

by Adomert et al . ( 1982) showed that Landsat was useful in 

providing up to date, relatively inexpensive data for mapping 

land cover. Ringrose et al. (1990a and 1990b) showed how 

climatic and human induced range degradation could be separated 

using Landsat MSS imagery. 

Vegetation changes in Australia have been considered by a 

number of authors (De Kantzon and Stone, 1981; Friedel, 1984; 

Graetz et al., 1983, 1986; Graetz and Pech, 1987; Graetz and 

Tongway, 1986; Buckley, 1985; Pech et al . , 1986; Kelly and Hill, 

1987; Kalma et al . 1988; Pickup and Chewings, 1986a, 1986b and 

1988; Pickup , 1988, 1989, 1991; Stafford Smith and Pickup, 1990; 

Dudgeon et al. , 1990, Foran et al., 1989; Gardener et al . , 1990). 

In central Australia, Friedel (1981) showed young trees such as 

Acacia aneura, Eucalvotus spp. and Atriplex vesicaria were eaten 

or ringbarked by rabbits . It therefore appeared that rabbits 

were the primary cause of the decrease in woody plants although 
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cattle grazing excacerbated the problem at times. 

Graetz and Gentle {1982) measured spectral reflectance 

characteristics of landscape components and demonstrated that the 

red soils of Australian rangelands were bright in all MSS 

wavebands whi le lichen crusts , gravel strews and non-vigorous 

vegetation were dark. Graetz et al . (1988) calibrated Landsat 

data and applied it to the assessment and monitoring of an area 

of sparsely vegetated semi-arid rangelands in southern Australia. 

Williamson and Eldridge (1990) used Landsat MSS data to estimate 

vegetation cover for soil erosion monitoring . 

Graetz et al . ( 1983) established a Landsat database for 

rangeland assessment in southern Australia. Range quality 

indicators included development of cover from areas with low 

reflectance in MSS 5 and MSS 7 . The cover index is similar to 

the darkening effect. This is described as a way of assessing 

the amount of green vegetation cover in drought affected savanna 

woodland environments (Ringrose and Matheson, 1987, 1991; 

Ringrose et al., 1989). In the south-west United States, Warren 

and Hutchinson (1984) indicated that the direction of vegetation 

change could be established from multi-date imagery acquired when 

grass andjor shrubs were at maximum greenness. A change in 

brightness index was used by Musick ( 1984) on standardised 

Landsat scenes for range assessment monitoring. Sharp increases 

in albedo on Landsat MSS imagery due to (observed) anthropogenic 

effects were noted by Otterman (1981) and Robinove (1983). A 

brightened landscape denoted· a possible decline in land quality 

while darkening referred to an increase in land quality. Wilson 

and Tueller {1987) assumed shadow and litter were major 

components of darkening in Nevada range sites while Ringrose et 

al . (1989) reported that green leaves in addition to shadow and 

bare soil were important. 

Very little evidence is found in the literature of remote 

sensing studies in the wetjdry tropics. Several investigations 

have been carried out in Kakadu National Park, Northern Territory 

such as that of Laut e t al . (1985} Harrison et al. (1987) and 

Graetz (1989). Day (1985) suggested how satellite data could be 

used for fire management in Kakadu National Park. A study on the 

discrimination between rangeland communities in north-west 

Australia was carried out by campbell et al. (1982} using Landsat 



11 

data. Fitzpatrick et al. (1990) indicated the problems involved 

using remote sensing data in the detection of weed infestations 

with reference to the floodplains of Northern Territory . orr and 

Morgan (1990) used Landsat imagery along with rigorous ground 

truthing to produce vegetation maps for military decision 

support. 

2.1.2 Spectral characteristics of green leaves 

Combined factors in leaves determine the spectral 
) 

reflectance pattern of green vegetation in the visible and near 

infrared (NIR) parts of the electromagnetic spectrum (EM) . 

Absorption is dominant at wavelengths of 0. 4-0. 7 J..Lm in the 

visible (VIS) part of the spectrum where leaves have a 

reflectance of less than ten percent (Guyot et al ., 1989). Red 

radiation is absorbed most at 0 . 5- 0.6 J..Lm while green radiation is 

reflected at 0.4-0.5 J..Lm (Figure 1.2). For photosynthetic 

processes chlorophyll a absorbs at wavelengths 0.43 J..Lm and 0 . 66 

J..l.m while chlorophyll b absorbs at 0.45 J..l.m and 0 . 65 J..Lm. Since 

chlorophyll is the main pigment responsible for leaf absorption 

in the blue and red part of the EM s pectrum, leaves have a 

maximum reflectance at 0.55 J..Lm in the yellow-green region. The 

caretonoids, beta carotene, anthocyanines and xanthophyll, 

however, absorb visible radiation at a number of wavelengths 

(CUrran and Milton, 1983). 

Green vegetation reflects highly in the NIR between 0 . 7-1.2 

J..l.m and peaks along the red edge to above 40% reflecta~ce (Horler 

et al. 1983). The reflectance of incident radiation in these 

wavelengths is primarily a function of leaf physiological 

structure, in particular the cell wal l - air space interface which 

scatters radiation in the palisade and spongy mesophyll layers 

(Gausman et al., 1969, 1976a and 1976b; Gausman, 1974). The 

radiation which is not reflected is transmitted through the 

leaves (Clevers, 1986). Thick leaves and dense leaf cover both 

increase infrared scatter to a specific optimum level (Gausman, 

1974). Cell water content variations influence overall heights 

of response curves beyond the chloropyll absorption trough at 

0.65 J..l.m. Minor water absorption troughs occur at 0 . 96 J..I.ID and 1.1 

J..Lm (Curran, 1985). Here the reflectance is negatively related 

to the amount of water in the leaf and leaf thi ckness . Changes 

in photosynthesis rate and physiological leaf structure, 
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particularly when this results in change in leaf colour, chang e 

the reflectance pattern described above. 

Figure 2 . 1 shows standard reflectance curves for 

actively growing green vegetatio n and various soils. However, 

plants under stress , for example e ntering senescence or 

experiencing dehydration, are found to exhibit a different 

spectral reflectance curve from healthy green vegetation 

(Knipling, 1970 and Gausman, 1974). Colwell (1974) indicated 

that different species had different reflectance patterns under 

similar conditions due to variations in leaf pigments and 

p hysiological structure . An early indication of plant health 

deterioration is a decrease in the actual wavelength at which 
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J'iqure 2. 1 Spectral reflectance curves for common earth features 
(adapted from Barrett and curtis (1976) a nd curran (1985) . 

r e fl ect ance increases between the red and near infrared waveband . 

This reflectance c hange is called the red shift a nd occurs before 

c hanges are seen on the ground . To detect t his accurately 
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requires very narrow spectral channels. MSS channels are too 
coarse as are most satellite-borne scanning devices, although 

some aircraft-borne scanners with narrow waveband ranges are 

effective (Harrison and Jupp, 1989). Early work by Gausman et 

al. (1976a) suggested that spacecraft and aircraft probably could 

not distinguish density differences in dead vegetation but could 

clearly distinguish density differences in live vegetation . NIR 

differences between dead and live vegetation s hould also be 

detectable using MSS data . 

Little work has been undertaken on non-green components of 

plant canopies and associated plant litter. The quantity of leaf 

litter can vary spatially and seasonally. Although chlorophyll 

and water dominate the spectral features of green, healthy leaves 

during leaf. senescence, these two compounds are lost with 

increasing wavelength and previously masked, spectral features 

emerge. Elvidge (1988 and 1990) indicated that these could be 

measured using Airborne Visible-Infrared Imaging Spectrometer 

(AVIRIS) data. Peterson et al. (1988) used the Airborne Imaging 

Spectrometer (AIS) to obtain s imilar results. The advent of high 

spectral resolution data from aircraft sensors has stimulated 

interest in measuring the biochemistry of plant canopies using 

remote sensing techniques. 

Colwell (1974) suggested that since a vegetation canopy 

consists of a mosaic of leaves, reflection is bidirectional and 

not hemispherical as in the reflectance of an individual leaf. 

The bidirectional reflection recorded by the sensor is related to 

the area of the leaves in the canopy rather than the 

hemispherical reflectance of component leaves. Curran, 1981 

extended this to indicate that bidirectional reflectance varied 

greatly due to the effect of soil background, presence of 

senesced vegetation, sun's angular elevation and canopy geometry. 

Factors such as soil, litter, percentage canopy cover and sun 

angle, affected total bidirectional reflectance. The effect of 

most grass stems and tree trunks was also considerable since 

their transmittence was O% (Colwell, 1974). Brakke et al. (1989) 

measured bidirectional scattering under laboratory conditions. 

Their work showed that reflectance from the abaxial leaf surface 

was greater than from the adaxial surface, although transmittance 

of both sides was about the same. This suggested these 
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characteristics may be related to distributing light within a 

canopy. Catt et al. (1987) stated that the spectral properties 

of plants were influenced by species, state of growth, 

architecture of foliage, leaf shape with surface characteristics, 

width and density of crown and moisture stress. Gausman et al. 

(1976a), Everitt and Richardson (1987} and Ringrose et al. (1989) 

showed that low NIR scatter in semi - arid regio ns was induced by 

high vertical shadow caused by the plant, the anatomy and 

relative pubescence of green leaves. 

2.1.3. Spectral reflectance of green vegetation and problems 

arising as a result of background components 

Spectrometers have been used t o record the spectral 

reflectance pattern of green vege tation and soil over different 

wavelengths of the electromagnetic spectrum as indicated by the 

work of Card et al. (1988) and Elvidge and Portigal (1990) . The 

spectral reflectance of an object at a particular wavelength was 

defined by Curran (1985}: 

R (A) = ER (A) I E, (A) 100 2- 1 

where: R is the spectral reflectance of an object 

ER (A) is reflected radiation from the object at a particular 

wavelength. 

E1 (A) is the radiation incident upon t he object at a particular 

wavelength. 

Incident radiation upon an object is a function of (Slater 1980) : 

E1 (A) = ER(A) + EA(A) + Er(A) 2- 2 

where: ER(A) is reflected energy 

E4 (A) is absorbed energy 

Er(A) is transmitted energy 

Both green vegetation and soil are subject to spatial and 

temporal changes which affect their interaction with incident 

radiation flux. The spectral reflectance curves shown in Figure 

2.1 are generalised models of the reflectance pattern of actively 

growing, green vegetation and bare dry, sandy, iron and alumin ium 

rich and lateritic soils . These occur from blue visible light to 

the NIR part of the spectrum. Compared to green vegetation, the 

soil curves show continuous high reflectance in the visible 

region, progressively increasing towards longer wavelengths. The 

green vegetation curve is characterised by peaks and troughs in 

both visible and near infrared wavelengths. In a two layered 
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canopy with distinct canopy and understorey layers, the downward 

flux of solar radiation at the field layer is modified by the 

tree canopy layer. The upward flux of reflected radiation from 

the field l ayer is modified by transmission through the canopy 

l ayer . 

Ringrose and Matheson (1987) and Ringrose et al. (1989) 

showed that vegetation reflectance was generally lower than soil 

reflectance in all MSS bands except in very dark soils . This was 

related to thin leaf vegetation cover during drought, high 

incidence of vertica l shadow, high proportion of dead material 

combined with relatively high soil reflectance. The need to 

quantify the contribution of vegetation and soil with respect to 

overall reflectance was expressed by Ringrose and Matheson (1987) 

and Wilson and Tueller (1987) . 

In arid areas of central Australia where vegetation cover is 

sparse it proved difficult to detect vegetation cover on Landsat 

MSS even after a summer rainfall of 30-220 mm which produced 

visible plant responses at ground level (Pickup and Foran, 1987). 

Gr owth responses appeared to be hidden at the subpixel level or 

were confined to discrete areas in the landscape. Pickup (1985) 

divided areas into erosion cells to stratify monitoring sites and 

to develop indices of landscape stability and soil loss. To 

understand the landscape as a whole individual points were 

interpreted, but a lack of basic plant ecology research with 

regard to variations in vegetation made i t difficult to know 

which areas to assess. Graetz ( 1987) suggested that in arid 

landscapes pixels are spatially integrated averages derived from 

mixtures of varying proportions of separate landscape components 

(bare soil, litter, grasses, shrubs etc.) and their interactive 

shadow. Pech et al. (1986) and Pech and Davis (1987) used simple 

models relating satel lite data to measured proportions on the 

ground, from which calculations were made to estimate the 

proportion (% cover) of various components in each pixel . 

A further method of estimating green canopy cover uses the 

Leaf Area Index (LAI) which is defined as the total one- sided 

green leaf area per unit soil area (number of leaf layers) 

(Clevers, 1988) . Leaf Area Index records the area of leaves 

within a canopy and is r egarded as an important plant 

characteristic since leaves are the main photosynthetic organs. 
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Consistent with the work of Huete et al. (1985), Ringrose et al. 

(1989) found that combined soil and vegetation reflectances were 

highly dependent on the reflectance of the background soil for 

multiple leaf layers up to LAI = 2.5 . By correcting for soil 

moisture, Clevers (1989) applied a weighted infrared to red i ndex 

for estimating LAI. 

Conn et al. ( 1975) on 
overall signatures due to the low density and low vigour of 

showed vegetation had little effect 

vegetation in arid plant communit ies. It was therefore difficult 

in Arizona to di fferentiate desert plant communities on the basis 

of spectral signatures. Pech et al . (1986) found many semi-arid 

and arid landscape components were indistinguishable using the 

four b and MSS scanner. Usually the dominant contribut ion to 

reflected light was bare soil. Plant material had a uniformly 

low reflectance which was masked by bright soil. Pickup and 

Foran (1987) experienced problems discriminating between surfaces 

that were spectrally the same in inert landscapes. Vegetation 

cover was difficult to detect due to the wide range of soil and 

vegetation types, colours, changes in illumination and the amount 

of green vegetation. Fuller (1983) , Musick (1984) and Ringrose 

et al. (1989) showed that classic vegetation signatures do not 

give good spectral separation in semi - arid regions because NIR 

reflectance can be higher from soil than from vegetation . 

2.1.4 Spectral characteristics of soil 

The spectral properties of soil background were reported to 

influence reflected radiances and vegetation indices of partial 

canopies (Colwell, 1974; Elvidge and Lyon, 198 5 ; Huete et al., 

1985) . Curran (1985) described factors such as moisture, organic 

content, texture , structure and iron oxide content as influencing 

the spectral reflectance of soil . Satterwhite and Henley (1987) 

noted soil variation such as gravel, precipitated salts, shadows 

and plant debris when recording data. Bower and Hanks (1965) 

demonstrated that fine textured soil with high moisture and 

organic content showed low reflectance in all wavelengths, in 

contrast to dry coarse soil. Similar results were found by 

Stoner and Baumgardener (1981). In non-vegetated areas surface 

soil colour, which was related to soil moisture, organic content 

and mineralogy, were the most significant factors in the visible 

and NIR part of the spectrum (Cipra et al . , 1980; Escadafal et 
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al . , 1989). For example soil with a red surface colour, as a 

resul t of a high content of iron oxide , selectively reflected 

radiation in the 0.6-0 . 7 J.l.m wavelength (Curran, 1985) . The 

presence of iron (11) and iron (111) oxides tended to darken 

soils . Soil reflectance in semi-arid areas was shown to be 

related t o such factors 

texture of most quartz 

as thin humus 

rich sands 

layer , 

and 

mine r alogy and 

the effects of 

precipitated salts such as calcium carbonate (Podivysocki et al . , 

1977; Berg et al., 1981 ; Mulders and Ep ema, 1986 , Ringrose et 

al., 1989). Huete et al . (1985) suggested that a soil brightness 

a nd a soil spectral effect were found to influence greenness 

measures, not only at low vegetation densities but also at canopy 

covers approaching 50-75% green cover . Rodriguez (1982) 

described the relationship of Landsat spectral bands to soil 

colour as defined by Munsell color notation . 

Soil water content strongly influences the amount and 

c omposition of reflected and emitted energy from a soil surface. 

Only the top millimeter of soil material is reflected to the 

satellite. Moistur e content at the surface is highly dynamic. 

It is temporally and spatially variable due to evaporative 

demands, no n uniform soil physical properties and microclirnatic 

effects (Huete and Warrick, 1990). 

2.2 VEGETATION INDICES (VIs), BAND RATIOS AND BAND TRANSFORMS 

A vegetation index i s a one-dimensional numericai scale 

derived from multispectral rad iance data . Sensit ivity to 

vari ations in vegetation type and condition is a function of the 

wavelength intervals used (Jackson, 1983 and Gallo and Daughtry, 

1987) and mathematical transformations performed on the raw data 

(Perry and Lautenschlager, 1984) . Researchers have concentrated 

on deriving vegetation indices that are sensitive only to 

photosynthetically active vegetation reflectance. These can also 

elimina t e differences in reflection due to solar elevation 

ang l es, illumination angles, atmospheric path radiance, sensor 

view angles, s hadow and soil background (Kanemasu, 1974 ; Kauth 

and Thomas, 1976; Richardson and Weigand, 1977 ; Tucker, 1979 and 

1980; curran and Mi lton, 1983; Jackson, 1983; Hatfield e t al ., 

1984, Clevers, 1986, Richards, 1986, Tucker and 

Sellers, 1986 and Barthlolome, 1989) . Jackson et a l. (1983b} 
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demonstrated that an ideal vegetation index is highly sensitive 

to vegetation, insensitive to soil background changes and only 

slightly influenced by atmospheric path radiance. Since desert 

ecosystems involve complex decomposition patterns varying in time 

and space the ideal arid regions index also has the ability to 

differentiate between the influence of standing dead vegetation 

and litter. 

Most vegetation indices are based on combinations of the 

highly absorbed red and highly reflected NIR radiance in green 

vegetation and can be grouped in two ways, ratio-based indices 

and n - space indices (Elvidge and Lyon, 1985). Other indices that 

have been derived include the use of albedo as a measure of 

deteriorating rangeland (Otterman, 1981; Robinove et al., 1981; 

Robinove, 1983 and Musick, 1986), the soil adjusted vegetation 

index (Huete, 1988), the cover and green index (Graetz and 

Gentle, 1982) and the darkening effect (Ringrose and Matheson, 

1987) . 

2. 2 . 1 Ratio indi ces and b a nd tra ns f orms 

Ratioing is one of the most commonly used image 

transformations and involves dividing the radiance values of the 

pixels in one band by corresponding radiance values in a second 

band. This reduces the effect of variable illumination resulting 

from differences in topography and highlights aspects of 

different surface cover types (Mather, 1987). Satterwhite (1984) 

indicated that ratios may also provide unique information in soil 

and vegetation discrimination, not available in any single band . 

Since vigorous, green vegetation reflects strongly in MSS 7 (NIR 

scatter) and absorbs strongly in MSS 5 (red absorption R) the 

simple band ratio MSS 7/5 is widely used in vegetation studies. 

Hatfield et al. (1985) and Frank (1984) found that thi s ratio 

correlated well with vegetation amount and with green LAI in 

areas with a high NIR/R contrast. 

The Normalised Difference Vegetat ion Index (NDVI) and 

the Transformed NDVI (TNDVI) are widely used extensions of the 

ratio concept. These are defined as: 

NDVI = NIR-R/NIR+R 

TNDVI = SQRT [(NIR-R/NIR+R)+0.5 ] 

where: NIR = near infrared reflected radiance 

R = red reflected radiance (Tucker, 1979 ) . 

2-3 

2-4 
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These are usually applied using coarse resolution NOAA AVHRR 

(National Oceanic and Atmospheric Administration, Advanced Very 

High Resolution Radiometer) data which are useful in global 

monitoring of vegetation for change over time a nalyses. In 

Australia, Graetz {1987), Williamson et al . {1990) and Filet et 

al. {1990) used NOAA AVHRR imagery for monitoring pasture 

productivity. Paltridge and Barber {1988) monitored grassland 

dryness and fire potential and Catt (1990) monitored 

environmental change . Gallo and Daughtry (1987) have indicated 

that, although NIR/R and NDVI have been proved equivalent (Perry 

and Lautenschlager, 1984) their correlation with LAI was 

distinctly different. NDVI tended to become saturated at certain 

values of LAI while the ratio continued to rise. This trend was 

also reported by Asrar et al. (1984) and Hinzman et al. (1986) . 

Dudgeon et al. (1990) found that factors such as high levels of 

atmospheric aerosols, cloud, cloud shadow, seasonal sun elevation 

changes, navigational and radiometric errors affected results of 

vegetation monitoring using the NDVI. 

Vegetation with deep shadow, as in the low shrubland of 

central Australia, may not be detected effectively by the 

use of NIR/R ratio as shadow reduces reflected radiation in both 

wavelengths (Graetz and Gentle, 1982). Huete and Jackson (1987) 

concluded that the greenness signal of all spectral indices was 

reduced by 20-33% due to shadow from standing yellow senesced 

vegetation in a green canopy cover. The effect of dead biomass 

on ratio indices has been noted by Sellars (1985) and Ringrose 

and Matheson (1986, 1987). High correlations between NIR/R ratio 

and diverse vegetation cover composed of shrubs, herbs and 

grassland over different landform and soil backgrounds were 

reported in central Australia by Foran (1987) . However, in areas 

of high local vegetation variability the relationship between 

NIR/ R ratio and vegetation was weak and inconsistent. In north 

Nevada, Satterwhite and Henley (1987) observed that neither NIR/R 

ratio nor NDVI completely eliminated the soil brightness effect 

in vegetation reflectance. Ratio indices have also been 

developed to reduce contrast between certain soil types. Huete 

et al. (1985) showed that different index values were obtained 

for the same vegetation amount and cover on different soil 

backgrounds. Elvidge a nd Lyon (1985) showed that light soil 
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backgrounds generally resulted in an under-estimation of 

vegetation cover while dark soil backgrounds resulted in an over

estimation. The presence of soil moisture also darkens the soil 

and results in an inflated index value for the same amount of 

vegetation. Huete ( 1988) attempted to minimise brightness

related soil effects by using a soil-adjusted vegetation index 

(SAVI) where: 

SAVI = (NIR-RjNIR)+l where 1 is the adjusted term . 2-5 
Huete and Warrick (199 0) used SAVI to minimise both spatial and 

temporal variations in soil spectral behaviour. Major et al . 

( 1990) developed a new version of SAVI based on theoretical 

consideration of the effects of wet and dry soils to reduce soil 

background brightness effects and effects of solar and leaf 

angles . 

Band ratios do discriminate well between green vegetation, dry 

vegetation and soil (Pickup and Nelson, 1984). They minimise 

albedo differences between soil and rock types while enhancing 

subtle variations between different wavelength bands (Williams, 

1983). They partially normalise data for factors such as 

topography , haze, sun angle and system generated noise (Ashley 

and Rea , 19 7 5 ) . 

2.2.2 N-Space;orthogonal Indices 

The n- space indices use the orthogonal distance from a 

spectral data point to a principal axis representing soil 

spectral variations as a measure of vegetation density. The use 

of a soil plane is a method of normalising soil background 

effects for vegetation discrimination (Wiegand and Richardson, 

1982, Jackson, 1983 and Miller et al., 1984 ) . The n-space 

indices are considered more effective than ratio indices in terms 

of normalising soil background (Jackson, 1983, Elvidge and Lyon, 

1985 and Giovacchini, 1986). Jackson (1983) found differences in 

greenness indices calculated from 6- dimensions for Landsat TM 

data, 4-dimensions for MSS, 3 dimensions for AVHRR. The AVHRR 

dat a had the lowest value, that is, they under-estimated 

greenness while TM had the highest greenness estimates. 

Kauth and Thomas (1976) developed the Tasselled cap 

transformation using information in all four Landsat MSS bands to 

define four dimensional s pace using sequential orthogonalisation . 

The Tasselled cap transform is represented by: 
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U = RrX + C 2-6 
where: U = vector of transformed brightness value 

(U includes soil brightness, greenness, yellowness and nonesuch 

indices) 

Rr = transformation matrix (transposed) 

x = original pixel vector 

C =constant (offset) to avoid negative values (Kauth and Thomas, 

1976). 

The four axes are brightness (soil brightness index SBI); 

greenness (green vegetation index GVI) ; yellowness (senescing 

vegetation index YVI) and nonesuch (NSI) and are calculated as 

follows: 

SBI = 0.433 MSS 4+0 .632 MSS 5+0.586 MSS 6+0.264 MSS7 

GVI = -0.290 MSS 4-0.562 MSS 5+0.600 MSS 6+0 .4 91 MSS 7 

YVI = -0.829 MSS 4+0.522 MSS 5- 0.039 MSS 6+0.194 MSS 7 

NSI = 0.223 MSS 4+0.012 MSS 5 - 0 . 543 MSS 6+0 .810 MSS 7 

(Guoliang, 1989}. 

2-7 

2-8 

2-9 

2- 10 

Since the yellowness and nonesuch functions are not widely used, 

the Tasselled cap transformation frequently applies three 

functions, brightness, greenness and wetness (Mather, 1987). 

The two band equivalent of the GVI, the perpendicular 

vegetation index (PVI) using red and NIR bands was developed by 

Richardson and Wiegand (1977) . A plot of visible against NIR 

radiance for a partly vegetated area resulted in a soil - line with 

bare soil pixels. Huete et al. (1984) pointed out that there is 

a degree of scatter within each soil type and between soil types . 

The use of a soil-line as a basis from which the greenness vector 

is measured may lead to a confusion between vegetation and soil 

points in areas of sparse cover (Williamson,1988 and Ringrose et 

al. 1989) Different soil types were found to yield soil-lines 

with significantly different slope and intercept in NIR and red 

feature space. 

In studies by Huete et al. ( 1985) and Huete and Jackson 

( 1987), the effect of soil brightness on n-space indices was 

found to be opposite that of ratio indices. Both the PVI and the 

GVI produced higher values over a bright soil background than for 

a dark soil background with equal vegetation amounts. Of 

particular importance to areas of low vegetation cover , the NDVI 

and to a lesser extent the PVI were found to be strongly affected 
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by variations in soil optical properties (Baret and Guyot, 1991). 

As well as the problem of soil background, both ratio and n

space indices have also been reported to be sensitive to 

atmospheric path radiance (Crippen, 1988}, differences in sensor 

calibrations (Price, 1988} and wavelength differences (Gallo and 

Daughtry, 1987}. However most studies have recorded a general 

positive relationship between presence o f green vegetation and 

vegetation indices (Ezra et al . 1985 and Huete and Jackson, 

1987} . The different findings on the effectiveness of vegetation 

indices in semi- arid areas could be related partly to the 

phenological condition of vegetation. Wilson and Tueller (1987) 

pointed out the need to exercise great care in using and 

interpreting vegetation indices in semi- arid and arid regions. 



CHAPTER THREE. SUBTROPICAL, SEMI-ARID AND ARI D STUDY REGI ONS 

3.1 STUDY REGI ONS 

3.1.1 Choice of s tudy Regio ns 
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Northern Territory includes examples of the three major 

climatic zones in Australia, subtropical, semi-arid and arid . To 

undertake a spectral comparison of typical areas a study region 

was chosen from the three zones. Although there is considerable 

ecological diversity in each zone, extensive geological and 

edaphic conditions prevail providing relatively homogeneous areas 

within a given climatic belt. The study regions are located 

within areas of relatively homogeneous soils and geology . The 

predominant land use in each study region was cattle ranching . 

Study Region 1 (King River) is situated west of Katherine 
.. 

(Figure 1 . 1) and was chosen to represent the subtropical zone as 

its mean rainfall (Section 3.2) was l 056.5 rnrn per annum (Bureau 

of Meteorology , 1990). The region contained 42 of the 51 Land 

Syst em Units characteristic of the Land Unit Maps (1:50 000) of 

the Katherine-Douglas Area (Aldrick and Robinson, 1972). It was 

therefore typical of inter-relationships of soil, vegetation and 

topography of that sub-tropical belt. Soils and geology were 

comparable to Regions 2 and 3 since underlying lithologies 

comprised mainly weathered Proterozoic strata and the soils were 

sandy and iron oxide rich. The region showed diverse vegetation 

providing a good base for investigating the effectiveness of 

digital data in identifying and mapping green vegetation cover . 

Good access by roads and tracks was possible into the study 

region . 

Situated east of Tennant Creek, Study Region 2 ( Barkly) 

(Figure 1 . 1) represents the semi-arid zonet~s its mean rainfall 

(using all statistics available since 1891, see Section 3.2) was 

421.5 rn.rn per annum (Bureau of Meteorology, 1990). Barkly region 

consisted of southern desert country on Land Use Groups of the 

Barkly Region Map, 1947 - 48 (Christian et al., 1952) . Soils were 

iron oxide rich sands. Barkly region was chosen in preference to 

the Tanami desert as it lay in a pastoral belt similar to the 

other t wo regions and accessibility by road and track was good 

i nto all Land System Units. Further north the Barkly Tablelands 

wer e excluded since geologically and edaphically they were 

x K.~rPe:.l'l/ A w 1.,- K~·ffe,J 65wh 
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dissimilar to the other regions . 

Study Region 3 (Simpson) was situated south- east of Alice 

Springs (Figure 1. 1) in the north-west simps on desert . This 
~ represented the arid zone as its mean rainfall using all 

statistics available since 1941 (Section 3.3) was 275 . 5 mm per 

annum (Bureau of Meteorology, 1990) . The region was chosen as 

access by tracks was reasonably good into all the Land Systems 

Units as described by Perry et al . (1961). Soils were iron oxide 

rich and sandy and the region lay within the pastoral belt. 

Each region was 1 120 krn2 , 28 km in an east- west direction 

and 40 km in a north-south d irection (Figures 3 . 1, 3. 2, 3 . 3) 

corresponding to the size of Landsat scenes available on high 

density floppy disks. Climatic, geologic, soils, landform and 

vegetation information are subsequently described for each of the 

three study regions . 

3.2 STUDY REGION 1 - KING RIVER 

Study region 1 (King River) is situated in the subtropical 

zone between 14° 30 1S and 14° 51 1 s and 131° 541
E and 131° 49 1 E. 

It lies due west of Katherine and is centred on the King River 

(Figure 3.1). It is located on topographic maps No . R621, Sheet 

5268, Edition 2 and No . R621, Sheet 5368, Edition 2 at a scale of 

1:100 000 . 

This region fal ls within the nine percent of the area of 

Northern Territory t hat receives rainfall of 800 - 1 200 mm per 

annum (Climate of Australia Map, 1982). During the twenty seven 

years prior to the study, the regi?n received an annual mean of 

1 056.5 mm rainfall (Bureau of Meteorology, 1990) . Since 

statistics for Katherine were limited during 1985, 1986 and 1987, 

the data from Oolloo (125 krn north west of the s t udy region) and 

Katherine ( 37 krn north-east of the study region) recording 

stations were averaged. Figure 3.4 represents the mean monthly 

rainfal l and standard deviations for the ten years prior to field 

work. This indicated a marked seasonality with wet season 

(between October and April) monthly averages around 250 mm and 

dry season averages around zero. The antecedent rainfall showed 

that i n the months immediately prior to field work rainfall was 

above average, relative to the past ten years, (Figure 3 . 5). The 

region is influenced by mild, dry south-east trade winds from May 

to October resulting in the marked winter dry season . From 

~ }(oiPt...J & wh 



• I 

1431~----------------------------------~-----, 

5• 

16. 

25 

N 

l 

Legend 

-- --t ra ck 

·1-20 field work sites 

0 Skm 

• I 

14 52 
131·sa' • I 

132 08 

Figure 3.1 Map to show the location of field 
work study sites, Region 1, King River. 



t I 

1933r---------------------------------------

t I 
1 9 55 

, 
1 8 • / 

I 

I 
I 

I 
I 

pastoral land 

I 
, 1•1 7 , 

I 
I 

I 
I •1 

I 
I 

I 

,. 
s. ,' 

,"- --;s· , 
,. 6 

1. 

·- ·-·---·-·- · ~ ·-·-·- ·- . - ·-·-· , 
8• ,/ 

,' / non pastoral land 

" " / 

1 3 s' 4 o' 

N 

t 

Legend 

- road 

--- -track 
__ pastoral 

l and boundary 

•1-20 fiefd work sites 

0 Skm 
~----' 

Figure 3.2 Map to s how the location of field 
work study sites, Region 2, Barkly. 

26 



• I 

2 4 4 4 r------r"lr-r-------------.... I •, 
N 

i \ 

' ' ' ''2 

' t 
Highway bore• 

\ 

' \ ·3 

Satarie bore • 
1 s·' \ 

'-16 
\ 
\ 
\ 
\ 
' I 

' ' ' \ 
' \. 4 

' ' ' '. 5 \ 

' ' \ 
6\ ,, . , ..... - ..,_,7 .. 

a· •g ,..... • 
I 

17~ ~10 
\... I 

Legend 

---- track 

\ " ' ' ~14 \ , \ 1 ~.,-Riecks den 

\ \ 12·' ·11 , .... \ 
·1-20 field work sites 

\ '" \ . I , . ·:-fas~ar~na1 \ 
\ 1 13 ,dacr 18•

1 I ' \ I 
I 1 \ \ I 

r 1 \ ' I 
\, ' 
v 2~~J 

l 
\ 
I 
_l 

0 5km 

t 

135 3 2 

Figure 3.3 
work study 

Map to show the location of field 
sites, Region 3, Simpson. 

27 



28 

450 

400 

350 

Rain 300 
inmm 

250 ~ 

200 

ISO I 100 

so ~ 

• t • .. ;;;. -0 

-50 
Jan Feb Mar April May June July Aug Sept Oct Nov Dec 
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November to April the influence of summer disturbances 

associated with the southward intrusion of warm, moist monsoonal 

air from north of the tropical convergence zone, results in the 

hot, rainy season. Virtually the entire annual rainfall occurs 

during the wet season (November-April). The annual 

evapotranspiration is 750-1 000 mm (Climatic Map, 1973). study 

Region 1 while having a low to moderate drought index (0.3-0.4) 

experiences seasonal drought from May to October (Climate of 

Australia Map, 1982). Temperatures range annually from 18°C-36°C 

(Small Scale Thematic Map, No. 20, 1980) . 

King River is structurally part of the Daly River Basin in 

north-west Northern Territory and is underlain to the east by the 

Mullaman Beds and unnamed sedimentary rocks at the base of the 

Cretaceous. These consist of conglomerate, sandstone, siltstone 

and claystone lithologies resulting from neritic and lacustrine 

sedimentary environments. The regolith is Cainozoic, with sparse 

to abundant rock outcrops consisting of a variety of residual and 

transported shallow, gravelly, stony sands and silty and clayey 

sands. To the west the regolith is underlain by the Daly River 

group which lies towards the top of the Cambro-Ordovician and 

consists of limestone, siltstone and sandstone from neritic, 

marine and sedimentary environments. The surficial geology is 

ferruginous, aluminous, siliceous duricrust of Tertiary and 

Quaternary age (D ' Addario e t al.> 1976a and 1976b) . 

Perry (1960) categorised the region as Higher Rainfall Upland 

Country. The area is described as flat to undulating lying 

mainly at an altitude of around 150 m with some parts in the 

range of 150- 300 m a.s.l . The soils are classified as massive 

earths with fairly poor physical properties (Atlas of Australian 

Resources, 1978) . Generally the surface soils are thin and 

subsoil sodicity restricts plant roots providing limited 

permeability. Fertility is low due to the antiquity of the 

parent rocks and rapid leaching of nutrients . Characteristic of 

the region are Red Earths with no subsurface soil over the sub 

soil (Aldrick and Robinson, 1972) . The marked seasonality in 

rainfall results in a pronounced seasonality of soil moisture 

which is sufficient for plant growth at the beginning of the wet 

season (Ridpath, 1985) . The rates of decomposition and nutrient 

cycl ing are rapid . Nutrients are released quickly but those not 
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absorbed immediately by plants are lost from soils by leaching 

during intense tropical downpours (Janzen, 1973). 

Due to vegetation having to survive through the long, dry 

period the following categories of plants grouped by Perry (1960) 

are applicable. Plants which are green throughout the year are 

perennial drought-resisting species, for example Plec trachne 

pungens, Acacia spp. and Eucalyptus spo., (Plate 3. 1) . Those 

plants whose leaves die in the dry periods are referred to as 

perennial drought-evading species. These include all dec iduous 

trees and shrubs, for example, Terminalia ferdinandiana and 

cochlospermum fraseri. , and perennial herbaceous plants whose 

above ground parts die each dry season, and perennial grasses. 

The dry leaves of these plants provide valuable fodder in dry 

conditions. The third group encompasses the ephemeral drought

evading species that grow rapidly in the wet season and early in 

the dry season, persisting only as seeds in dry periods, for 

example Sorghum son. 

Carnahan (1986} published an Australian vegetation map in 

which dominant plant species were used to classify vegetation on 

a regional scale. Figure 1.1 was adapted from this map and Study 

Region 1 can be seen to fall within the woodland group which is 

characterised by Eucalyptus spec i es with an unders torey domi nated 

by tussock grasses. Eucalypts such as E. tectifica, E. pru i nosa 

and E. papuana typify these woodlands, forming a canopy layer of 

10-15% with a height of 5-10 m. The native vegetation consisted 

of monsoon tall grass greater than a metre in height and a wide 

variety of grasses such as Sorghum plumosum, Themeda australis, 

Chrysopogon fallax and Heteropogon contortus forming the 

understorey (Smallscale Thematic Map, No.3, 1980} . Bare 

interfaces persist but in places are sparsely covered with 

ephemerals. The area is grazed with 0.125- 0.5 livestock 

unitsjha. despite low quality fodder, which could be considered 

very poor quality in the dry season (Smallscale Thematic Map, 

No.7, 1980). The area is regularly burned. Timing and intensity 

of fires varies but tends to be more frequent and less intense 

than in southern Australia (Walker, 1981} . Fire resistent 

species are evident. Many Acacia species are killed but they can 

regenerate after medium intensity fires, from seeds or root 

suckers. Several eucalypts have developed extensive rhizome 



Plate 3.1 Typical Eucalyptus species found in Region 1, 
King River. 
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systems while soil stored seeds are important in the 

regeneration of Cassia species and some Acacia species . Within 

the deciduous woodland a growth flush and precocious flowering is 

evident two months before the onset of the monsoon rains. This 

can be of competitive value to plants and may be related to the 

reliability of rains enabling them to be in full or partial flush 

before the soil water store is replenished (Gardener et al . , 

1990). 

3.3 STUDY REGION 2 - BARKLY 

The semi-arid zone is represented by the Barkly region which 

is located north- east of Tennant Creek and south of the Barkly 

Tableland lying between 19°331 s and 19°551 s and 135°401 E and 

135°561 E (Figure 3.2) . It is located on topographic map SE 53 -

15 , at a scale of 1:250 000 . 

Barkly regJ.on received a mean annual rainfall of 421.5 rnrn 

(Bureau of Meterology, 1990) over twenty years prior to the study 

(calculat ions from Bureau of Meteorology data averaged between 

the two Stations, Brunette Downs, 13 3 km north of the study 

region and Tennant Creek, 175 km west of the study region). In 

Northern Territory 12.4 % of the area receives 400 - 600 mrn rainfall 

per annum (Climate of Australia Map, 1982). Rainfall is 

restricted to the summer season (November- April) while there is 

a long dry season (May- October) when the climate is considered to 

be arid (Christian et al . , 1952). Figure 3. 6 shows the mean 

monthl y rainfall and standard deviations for the ten years prior 

to field work. A marked seasonal variability was shown in the 

summer season a nd less in the dry season. Rainfall is very 

localised and statistics show that while rain fell prior to field 

work there was no evident green flush in the study region. The 

relationship between the antecedent rainfall and the mean for the 

prior t en years is shown on Figure 3.7 . The rainfall was lower 

than average immediately prior to field work. The annual 

evapotranspiration in the region is 250-500 rnrn (Climatic Map, 

1973). This area is classified as having a high drought index of 

0.6 - 0. 7 (Climate of Australia Map, 1982). Temperatures range 

f r om 24°C to 36°C (Small Scale Thematic Map, No .20 , 1980) . 

Barkly region is struc turally part of the Georgina Basin. It 

is underlain by lithologies ranging from the Middle Cambrian 
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Wonorah Beds upwards to the Tertiary Brunette Limestone (Randal, 

1966). Underlying lithologies dominantly include limestone with 

chert and minor sandstone and dolomite. The regolith consists of 

calcrete with gravelly sand and silty sand of fluv ial , lacustrine 

andjor aeolian origin of Tertiary and Quaternary age (D'Addario 

et al., 1976a and 1976b). 

Barkly region lies i n Southern Desert Country (Christian et 

al. ( 1952) . It is bounded to the north by the Prentice Land 

System classed as Gently Undulating Country with some rock 

outcrops and low limestone rises with calcified lateritic soils . 

The predominant soils are light textured and support low scrub 

and spinifex, with small depressions of alluvial soils providing 

better pastures. Region 2 lies a t an altitude of 150-300 m 

a. s .1. To the south of the Prentice Land System lies the 

Wonorah Lands System characterised by gently undulating lateritic 

red earths extending southwards into dunes (Christian et al ., 

1952). Soils of Region 2 are classified as massive earths with 

fairly poor physical properties with low to moderate inherent 

fertility (Atlas of Australian Resources, 1978). All soils are 

low in phosphates . 

Perry (1960) characterised Barkly region as Spinifex Country 

with soft spinifex. Soft spinifex, Triodia pungens, forms 

tussocks and hummocks about 0.5 m high creating the understorey 

level while scattered shrubs such as Acacia spp. and Eucalyptus 

spp. are found within bare interfaces (Plate 3.2). Eucalyptus 

mallee scrub is prevalent in the south (Plate 3 . 3) . The grasses 

Aristidia pruinosa and Cymbopogon bombycinus, are found commonly 

in the interfaces. Native pastures are characterised by semi-arid 

hummock grass such as Triodia spp. , Plectrachne spp ., Ar istida 

sno . . , Chrysopogon spp. and Bothriochloa spp . (Smallscale Thematic 

Map, No . 3, 1980}. Carnahan (1986} grouped the v egetation in the 

study region as Open, Mixed Woodland with the uppermost stratum 

of trees having a projective foliage cover of less than 10%. 

Eucalyptus and Acacia species are predominant (Figure 1.1). 

Triodia pungens a perennial, drought resistant grass, is green 

all the year round providing cattle fodder despite the coarse 

nature of its strongly lignified leaves and fairly low nutritive 

value. Stock grazing in the area may show phosphate deficiencies 

(Perry, 1960). Even in drought periods the stocking rate of 0-



Plate 3.2 Acacia lysiphloia found growing on bare 
soil interfaces, Region 2, Barkly. 

Plate 3.3 Eucalyptus pachyphylla growing as mallee scrub 
in the south of Region 2, Barkly. 
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- 0.125 livestock unitsjha (Smallscale Thematic Map, No.7, 

remains stable. The area is burned every 4- 5 years. 

3.4 STUDY REGION 3 - SIMPSON 
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1980) 

Simpson reg ion is situated in the arid zone south-east of 

Al ice Springs in the north- west Simpson desert between 24°45 1 s 
and 25°07 1 S and 135°161 E and 135°32 1 E (Figure 3.1). It is 

located on topographic maps SG 53-3, and SG 53-7 at a scale of 

1:250 000 . 

Th e mean rainfall for twenty years prior to the study was 

275 . 5 mm (Bureau of Meteorology, 1990}, averaged for Alice 

Springs, 180 km north west and Kulgera, 225 km south west of the 

study region. Rainfall is bixeric with the likelihood of summer 

·rainfai'l less than· 60% (Buckley, 1985) . Figure 3 .8 shows the 

mean monthly rainfall and standard deviations for the ten years 

prior field work . A marked variability in rainfall is evident 

throughout the year with greater variability in summer . 

Immediately before field work rainfall was lower than average 

during the early part of the 1990- 1991 summer, (Figure 3 . 9). 

Kouvde et al. (1979) characterised arid lands by a variation of 

rain fall in both time and space, extremes of temperature, wind 

velocity and low plant and animal production. Stafford Smith and 

Mort on (1990) suggested that rainfal l was the principal driving 

force of physical and biological characteristics of the arid zone 

due to its unpredictability temporally and spatially . Temporal 

variability is due to short term climate fluctuations (Stafford

Smith and Pickup, 1990). 

Humidity is low except immediately following rain. The annual 

evapotranspiration is greater than 250 mm (Cl imatic Map, 1973) 

while the region is classified as having a high to severe drought 

index of 0 . 7 - 0 . 8 (Climate of Australia Map, 1982}. Mean monthly 

maximum and minimum temperatures range from 18°C and 4°C in July 

to 42°C and 21°c in January and February (Smallscale Thematic Map , 

No . 20, 1980). 

Region 3 is underlain by the Rolling Downs group which forms 

the base of the Cretaceous and consists of sandstone, siltstone , 

c l aystone and mudstone lithologies resulting from marine and 

cont inental sedimentary environments. Structurally it is part of 

the Eromanga Basin in southern Northern Territory. The regolith 
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is sand (aeolian and residual) of Tertiary and Quaternary age 

(D'Addario et al ., 1976a; 1976b). Compared to almost all other 

arid areas of the world central Australia is among the most 

tectonically stable as no major earth movements have occurred 

since Palaeozoic times . Most of the landscape has endured long 

periods of weathering resulting i n relatively flat, stable areas 

and inherently infertile soils (Lazarides, 1976) . 

Region 3 consists largely of paral lel, longitudinal sand dunes 

wi th eroded, steeper, eastern flanks and vegetated western flanks 

(Twidale> 1972). Also present are minor areas of mobile sands, 

red clayey sands , silts and gravel. The parallel dunes trend 

south-south-east and north-north-west with swales up to 120 m 

wide. Broadly undulating, stony plains rising to 10m a . s . l . and 

salt pans are found to a minor extent (Perry et al .1 1?61). The 

region lies at an altitude of about 350m a . s . l . (Buckley, 1981). 

Deep, coarse textured soils with a low inherent fertility and 

water holding capacity typify the region. Buckley (1983) showed 

that the longitudinal dune crests had only one third of the total 

nitrogen content of the 

characterised by red duplex 

salinity. The redness 

dune flanks . Salt pan areas are 

soils with crusty surfaces and high 

of the soils is due t o slight 

ferruginization of desert soils caused by the prevalence of 

dehydrated forms of ferric oxides. I n short wet periods the 

ordinary processes of weathering, namely oxidation, dissolution 

and hydrolysis proceed rapidly. This results in degradation of 

primary minerals and the formation of soluble salts such as 

magnesium carbonates and soluble silicates , (Kouvde et al., 1979 

). Wind erosion is a much bigger problem here than in the other 

study regions. The high degree of spatial and temporal rainfa l l 

variability results in highly sorted soils which although 

generally impoverished are expressed as a mosaic of rich a nd poor 

patches. These result from run-off and sediment transport which 

concentrates eroded soil and water, (Pickup, 1985). 

Perry (1960) defined the simpson Desert as Spini fex Country 

while Carnahan (1986) grouped the vegetation as open scrubland 

with the uppermost strata of shrubs having a projective foliage 

cover of less than 10%. Arid hummock grasses such as Triodia 

spp. and Plectrachne spp. were 

characteristic of the study region 

the native grasslands 

(Smallscale Thematic Map, 
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No . 3, 1980) but at present Triocta basedowii and Zygoc hloa 

paradoxa are also typical of the study area . These are important 

i n stabilising the dune systems and swales . Zygochloa paradoxa 

(Plate 3.4) which occurs on the dune crests and flanks, is a 

dioecious perennial that forms shrublike hummocks 1-1 . 5 rn tall 

and 1- 2 m in diameter with open spaces between hummocks into 

which sand moves resulting in blown out and unstable patches 

(Beadle , 1981}. The hummocks consist of many tangled sterns that 

act as photosynthetic organs. 

Chenopod country, as defined by Perry (1960), occurs on the 

plains where the vegetation is mostly treeless, saltbush 

shrubland. The saltbush species are pe rennial, drought 

resisting , edible shrubs of around o. 5 rn tall and o. 5 m in 

diameter . After rain bare interspaces be come covered with 

ephemerals such as Sclerolaena spn. Euca l yptus species are 

absent except along some watercourses. There is no definate 

growing season due to the sporadic nature of rainfa l l. 



Plate 3.4 Zygochloa paradoxa found growing on dune crests 
a nd flanks, Region 3 , Simpson . 
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CHAPTER 4. FIELD WORK 

4.1 FIELD STUDIES 

4.1.1 Purpos e of the f i e l d work 

The purpose of undertaking field work was as follows: 

1 . To develop a working knowledge of the three study regions and 

a n understanding of the vegetation- soil relationships prevalent 

in the three climatic zones. 

2 . To determine the vegetation types characteristic of King 

Ri ver, Barkly and Simpson study regions by sampling twenty 

specific locations in each region. This information was later 

used to study the spectral characteristics of vegetation using 

Landsat MSS digital data. 

2. To determine the percentage vegetation c over. Wilson (1986) 

suggested that this was the most appropriate parameter for 

considering remote sensing data. 

3. To quantify background components of dead/dormant tree cover, 

dead herbaceous cover, litter cover and bare soil to assess the 

spectral separability of green vegetation cover against thes e 

components. 

5 . To record radiometric readings of dominant plant species a nd 

background components with an Exotech hand held radiometer. To 

determine the spectral characteristics of increments of green 

vegetation relative to background components. 

6. To record soil surface characteristics (e . g. type and erosion 

condit ion ) to determine the effects of different soils on the 

spectral signatures of Landsat MSS. 

7. To develop a number of ground truth observation points to 

facilitat e aerial photograph interpretation and to provide 

additional data points for digital image interpretation . 

4 .2 BACKGROUND TO FIELD WORK 

4.2.1 The Munsell Color System 

The Munsell color notation was used to facilitate visual soil 

colour identification in the field. This involved a visual 

c omparison between graded colour chips and actual soil samples. 

Salman- Drexler (1977) first investigated the relationship between 

colour and soil reflectance in the visible part of the 
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electromagnet ic spectrum. A link was established between Landsat 

MSS 4 and MSS 5 band ratios and the Munsell hue of the soil wh ile 

MSS 4+MSS 5 related to the Munsell value of the soil . Horvarth 

et al. ( 1985) observed a brightness index measured on Munsell 

charts that was important in the interpretation of a Landsat MSS 

image of Arizona. In southern Tunisia Escadafal and Pouget 

(1986) differentiated soil surfaces according to firstly their 

roughness related to the image brightness (MSS 4+MSS 5) and 

secondly their Munsell chroma correlated with the MSS 5/ MSS 4 

ratio. Escadafel et al . (1989) used Munsell data and conversion 

tables to determine Red, Green, Blue (RGB) co- ordinates deriving 

RGB values which appeared to be strongly correlated with soil 

reflectance measured in corresponding spectral bands of Landsat 

sensors. 

4.2.2 Radiometer background 

Field spectroscopy involves the use of a radiometer to study 

interrelationship between spectral characteristics of target 

objects and their biophysical attributes in the field 

environment. It is a passive technique with solar irradiation 

providing the energy source. As well as measuring and analysing 

the spectral flux from natural objects data can also be used to 

help predict the biophysical attributes of unknown targets from 

the spectral flux observed by the Landsat MSS sensor. Milton 

(1987) reviewed the principles of field spectroscopy and 

suggested that the interaction of incoming and outgoing 

(reflected) electromagnetic energy was the focus of interest in 

field spectroscopy. Foran and Pickup (1984) used an aircraft 

borne radiometer to study spectral characteristics of semi-desert 

l andscapes at the scale of one MSS pixel. Foran (1987) used an 

Exotech, 4 band, ground radiometer in conjunction with Landsat 

MSS data, to determine the spectral characteristics of soils, 

veget ation cover and type and stone mantles in arid regions . 

Hand held radiometers are primarily used to provide research 

support for satellite s t udies but Richardson and Everitt (1987) 

have extended their u se to develop relationships between 

r adiometric data and crop growth parameters. Williamson (1989) 

used an Exotech 100-A hand held radiometer to detect the 

reflectance from shrubs and under- shrub soil in a semi - arid 

environment in South Australia . By using a pole mounted 
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radiometer Franklin et al. ( 1991) showed that canopy spectral 

components of shadowed, sunlit tree crown and background had 

distinct reflectance characteristics in the red and NIR 

wavebands. When Nilsson (1991) used a h a nd held radiometer in 

conjunction with IR thermography, a good correlation was found 

between reflectance data and plant growth, green biomass and 

yield, as well as i nfection by l eaf and root diseases . 

4 . 2.3 Spec ificat i o ns o f Exot ech Radiomet er 

A handheld Exotech Model 100 BX-MTS Radiometer was used in the 

field. Four channels were available with centre wavelengths in 

the range of 0. 4-1.1 J..Lm. These were designed to simulate 

reflectance characteristics of the MSS wavele ngth bandwidths 4, 

5 , 6 and 7. A 15° circular field of view was avai lable for near 

terrain measureme nts while a 2rr steradian field of view measured 

i ncident radiat ion . The radiometer was calibrated using 

precision light sources a nd reflectance standards resulting in 

the maintenance of an absolute accuracy of plusjminus 5%. 

Recalibration was not required for use in the different s tudy 

sites, (Exotech Incorporated, 1990). 

The controls consisted of a six pos i t ion switch indicating 

off, each of the four MSS channel outputs and the battery check . 

These were displayed on the instrument's meter. Also available 

were four separate selector switches for gain for each channel 

(x1, x5, x25 and xl25) . The sighting scope was a 1 . 7 Sx- 4 . 5x 

Bushnell Wide Angle Rifle Scope mounted on the right hand side of 

the instrument. It was used at 1 . 75x resulting in a field of 

view of 13.5°. All channels and the sighting scope were co

aligned to plus/minus 0. 5° . Removeable optical filters were 

installed in the filter wells in the front of the instrument and 

were held in place by a spring and glare stop assembly which were 

in turn held in place by the interchangeable field of view 

objective. care was taken to install the optical elements in 

their proper orientation in the correct filter well to maintain 

cal ibration validity, (Exotech Incorporated , 1990). 

Output levels for the 15° f ields of view were calibrated in 

terms of radiat ion source giving Equivalent Radiant Emittance 

(Rea). Rea represents the total radiation power per unit area of 

source, that radiates into a hemisphere by a gray body. This 

assumes the object actually under observation by the radiometer 
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is replaced by a gray body which produces the same output level. 

An assumed gray body source is defined to be uniform in terms of 

no local spectral or i ntensity variation existing across the 

object area from point to point within the field of v iew of the 

measuring instrument. The radiometer acted as a Lambert ian 

radiator emitting energy at net constant amplitude throughout the 

spectral bandpass. Output level s fo r the 2rr s teradian field of 

view were calibrated in terms of total incident power at the 

diffuse surface . In both cases calibration numbers were 

expressed as the equivalent radiant emission or incident power 

needed to cause an output of one volt, (Exotech Incorporated, 

1990). 

4.3 F IELD WORK 

4 . 3.1 Fie ld work prepara tion 

Topographic maps and Land Systems maps (Section 3. 1) were 

acquired for each study region. Aerial photographs were also 

ordered from Auslig at approximately 1 : 80 000 . 

Field work was carried out in December 1990 for Region 2 

(Barkly) , January 1991 for Region 3 {Simpson) a nd in late April 

and May 1991 for Region 1 (King River) . In both Region 1 and 

Region 2 there had been no significant rain antecedent to the 

fieldwork precluding any green flush, (Figure 3 . 7 and 3 . 9) . Field 

work could not be carried out until after the monsoon season in 

Region 3 (King River) due to restricted access during the rains 

and the need for clear skies for radiometer readings and 

satellite imagery acquisition. 

Land resource maps were used to define biophysical areas of 

homogeneous reflectance (Aldrick and Robinson, 1972, for King 

River ; Christian et al., 1952 for Barkly; Perry et al . , 1961, for 

Simpson) . These areas provided the basis for vegetation site 

sampling. Access to the areas was dependent on roads and tracks 

b ut i n all three Study Regions, access was available to all 

representative soil and vegetat ion types. 

Twent y sites were initially chosen within each Study Region. 

Each was 160 m x 160 m. The size of the site represented four 

MSS pixels on a digital disk . Since difficulties can arise 

locating the exact position of field sites within one pixel it 

was hoped to overcome this problem by choosing a larger area. 
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Each study site was : 

a. located as being a specific distance ( < 3 km) from a mapped 

feature (landmark). 

b. marked accurately on the appropriate map, and 

c . transferred to an aerial photograph. 

4.3.2 Field data collection 

Within the site , six line transects were paced at 32 m 

inte rvals on a north-south compass bearing (Figure 4 . 1) . Along 

each transect for a width of three metres the diameter, genus and 

where possible the species of all the woody shrubs and trees 

were recorded on a data sheet, (Appendix I) . Where flowers 

a nd/or fruits were not present it was not always possible to key 

out the actual species. Where possible plants were identified in 

the field , using Brock (1988}, Jessop (1981} and Urban, 1990 . 

Shrubs found growing underneath trees were noted on the data 

sheet and were included in the species list but were not included 

as woody vegetation contributing to overall reflectance. Shrubs 

or trees found mainly outside the transect were noted as being 

partially present (Section 4.5). 

A 50 em x 50 em quadrat was randomly thrown a t 20 m intervals 

along each t ransect . The percent litter, bare soil, live 

herbaceous cover and dead herbaceous cover were estimated. This 

resulted in seven quadrats being thrown along each transect with 

a total of forty two quadrat locations at each study site, 

(Figure 4. 1} . Williamson ( 1988) discussed the usefulness of 

visual estimates of herbaceous cover for remote sensing studies 

indicating that this method provided the required level of 

accuracy for MSS studies . A similar approach was also used in 

Ringrose and Matheson (1987) . The Munsel l notation for hue, 

value and chroma (Munsell Color, 1973) of the dominant and sub-

dominant soi l was recorded. Notes were made on soil texture, 

rock outcrops, erosion and/or deposition features. 

relevant, topographic cross profiles were drawn. 

4.4 FIELD WORK DATA CALCULATION 

Where 

The calculation of green vegetation and dead/dormant wood 

cover foll owed procedures successfully u sed by Ringrose and 

Matheson (1986 and 1987) using the GW basic program Section which 

was adapted for use in this study . From data on the field sheets 
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Figure 4.1 Plan of transects and quadrat throws 
for field work. 
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the tota l number of species in each field site, and the total 

number of species for each diameter class were calculated. For 

each study site the area covered by the six transects was 2 880 

rn2 • The Section program calculated total green canopy area and 

dead/dormant wood in m2
, and average green canopy area and 

dead/dormant wood in m2 for each species . It was assumed for 

ease of calculation that all woody plants have a circular canopy. 

The algorithms used in Section are explained below: 

a . Woody plants with a canopy diameter of 2 m or less were 

referred to as Type 1 . They were likely to have their canopy 

completely within the transect belt, (Figure 4.2). Canopy area 

was calculated using: A = ~ r 2 4 - 1 

where A = canopy area 

r = canopy radius 

b. Woody plants with a canopy diameter greater than 2 m were 

referred to as Type 2, (Figure 4.2). These were likely to 

fal l partially outside the transect belt and were calculated 

using: 

A = (MaxA + MinA) /2 4 - 2 

where MaxA = the maximum possible area occurring when the plant 

canopy centre coincided with the centre of the transect belt . 

MaxA was calculated using : 

MaxA = ~r2 - 2r2 cos· 1 (r-ajr) + 2 (r- a) SQRT (2ar - a 2
) 

where a = (d - 3)/2 4-3 

d = canopy diameter 

MinA = minimum possible area occurring when the woody plant lay 

at the edge of the transect. 

For a canopy diameter of 2- 6 m: 

MinA = ~r2;2 

For a canopy diameter greater than 6 m: 

MinA = 1rr2;2- r 2 cos· 1 (r-b/r) - (r- b) SQRT (2br -b2
) 

where b = d / 2 - 3 

d = canopy diameter 

r = canopy radius 

4- 4 

4-5 

c . Plants falling mainly outside the transect belt were referred 

to as Type 3 , (Figure 4. 2) . Assuming that one third of the 

canopy was within the transect belt the area was calculated 

using: 

A = 1rr2;3 4-6 



3 m 

\-------Ty pe 2 m•n•mum are a 
d i amet e r 2 .1 - 6 .0,m 

~-----Type 2 m i nimum area 

diame1er gre a ter than 
6 . 0m 

\-----Type 3 

Figure 4.2 Type 1, 2 and 3 canopy types used 
in Section program calculation. 
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where r = canopy area . 

The information gained from the 50 ern x 50 em quadrat throws 

was also input to Section which then calcul ated the percent alive 

and dead herbaceous cover, the percent bare soil and litter for 

each 2 880 m2
• 

The area under herbaceous cover plus soil cover was calculated 

using: Ah = Ta - Ac 4- 7 

where Ah = herbaceous cover area 

Ta = total transect area ( 6 x 160 m2 ) 

Ac = total woody plant canopy area i n a transect. 

The area of live herbaceous cover, dead herbaceous cover, litter 

and bare soil was then determined using : 

where 

A = ("~X/3) 4-8 
i=l 

100 X Ah 

x = live herbaceous cover, dead herbaceous cover, litter 

or bare soil 

n = the number of quadrat samples in a transect . 

Field summary sheets were produced showing field site 

location, ecoregion, soil condition and Munsell soil colour . 

Woody plants were recorded indicating canopy a rea and average 

canopy area for each species . A summary indicated the total area 

and percent area r epresented by green canopy cover , dead/dormant 

wood, 1 i ve and dead herbaceous cover, bare soil and 1 i tter. 

Prevalent p lants and soils used in radiometer readings were 

chosen from field work information . This information was used in 

Chapter 5 for defining biophysical regions and in Chapter 7 for 

interpreting the results of classification analyses. The data 

were also used in final comparisons made in Chapter 8 . A summary 

of all field work results for the three Study Regions is found in 

Appendix II. 

4.5 RADIOMETER READINGS 

All r adiometer read i ngs were taken under clear skies on still 

days within two hours of local solar noon to minimise shadow 

effects (Hardisky et al. , 1984). Local solar noon is 1200 hr 

along the 142°3oLE (Central Standard Time)meridian . West of the 

meridian local solar noon is 1200 hr + 4 minutes per 1°longitude . 

Therefore for Region 1 situated between 131 °49LE and 132°10LE local 
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solar noon was approximately at 1244 hr, Region 2 between 135o36LE 

and 135°57tE was approximately 1228 hr and Region 3 between 

135°13lE and 135°35lE was also approximately 1228 hr. Lord et al . 

(1985) showed that gusts of wind can cause differences of up to 

60% in the reflectance values for barley in red wavelengths and 

up to 12% even if the leaves are fluttering. This was supported 

by Wright ( 1986) . Dark clothes were worn by the operator as 

Kimes et al. (1983) showed that errors in measurements of red and 

infrared measurements can approximate 10- 12% when white clothes 

were worn. 

Three readings were taken and averaged for each target featu re 

in each of the 4 MSS bands and recorded on a data sheet (Appendix 

III). The radiometer was firstly fitted with the appropriate 

filters for measuring irradiance. Irradiance was not measured by 

using a gray Kodak card (Milton, 1980) as used by Williamson 

(1989), since this method ignores the possible non- Lambertian 

effects of the gray card (Franklin et al., 1991) . By holding the 

radiometer pointing vertically upwards three readings were taken 

to quantify the amount of incoming solar radiation. Three more 

irradiance readings were taken after readings from the target 

objects. The before and after irradiance values were averaged to 

account for fluctuations during the period of target object 

readings. The optics were changed and the radiometer was then 

held at least one metre above the target (Milton, 1987). Care 

was taken to orientate the sensor vertically above the target 

with the operator always standing in the same position relative 

to the sun during each set of readings. Three radiant emittance 

values were taken for each MSS band of the target in the field of 

view. The actual proportion of illuminated green leaves, litter, 

shade, dead material and different soil types were recorded by 

visual estimate (Ringrose et al. 1989). Care was taken to ensure 

that plant materials were recorded in the growth position and 

when necessary small branches from tall trees were placed in a 

simulated growth position to provide consistent readings. This 

was necessary mainly in King River region. 

In each study region readings were taken of dominant soil 

types, vegetation, litter and dead material. These were 

converted to percent reflectance using calibration data (Exotech 

Incorporated, 1990). Mean reflectance values were calculated for 
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the raw reflectance data. The mean values were written up into 

the GW-basic program called Reflect using the input calibration 

values shown on Table 4 . 1 . 

Percentage spectral reflectance was calculated by ratioing 

reflected energy measurements in each of the four MSS bands to 

the incoming (irradiance) energy measured in each band by 

applying the algorithm: 

%ref == [100 X w;cm2jVolt) (Emittance) I (W/cm2;volt] 

(Irradiance) 4-9 

where: %ref == % reflectance 

Wjcm2 jVol t == mean voltage x calibration value x exponent 

(Table 4.1) 

Reflectance percents were used in Chapter 6 to develop 

spectral reflectance characteristics of dominant plants over 

different background components. Results were used in Chapter 7 

as a guide to image processing. They were also used for 

comparisons between the three regions in Chapter 8. 



Table 4 .1. Calibration data- Model 100BX- MTS four c hannel 
radiometer (modified after Exotech Inc orporated, 1990) 

Source equivalent radiant Irradiance 
emittance cap 
( W/cm2/Volt X !On (W/cm2/Volt) 

at lens 

X 10n 

15° FOV (Plane Glass) 2n Sr (Diffuser) 

MSS Gain 1 5 25 125 1 5 25 125 
Ch. s etting 
No. 

Exponent -3 - 3 -3 -6 - 3 -3 - 3 -6 
ton 

f\ 4.05 . 811 .162 32.4 8.97 L 79 .359 71.7 

B 4.10 . 820 . 164 32.8 9.00 1.80 .360 72.0 

c 4.09 . 818 .164 32 . 7 6.89 1.38 .276 55 .2 

0 4.10 .820 .164 32.8 6.96 1.39 .279 55.7 
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Black and white panchromatic aerial photographs were obtained 

from AUSLIG for each s t udy region. In the case of King River 

these wer e taken on 20.07.88 using an RC 10 camera with a focal 

length of 87.98 mm at a flying height of 7 620 m, giving an 

approximate photo scale of 1:83 400 . The same camera and flying 

height detail were given for Barkly at a scale estimated at 1:83 

900 . The most northerly run of photographs in this region was 

flown on 2.7.83 and the most southerly run was dated 8 . 8.83 . For 

Simpson the same camera and flying height details were given and 

the scale was estimated at 1:78 300. The photography was dated 

24.10 . 86 . In each case aerial photograph interpretation was 

undertaken to establish: 

1. The main biophysical units:an integration of land forms , soil 

types a nd vegetation cover. 

2. Location of sample data sites and additiona l observation 

points to assist with imagery interpretation. 

3. A framework for the data collected in the field. 

In each case, late dry season photography could reasonably be 

used to supplement fieldwork data, assuming that overall density 

of vegetation cover was similar in the mid to late 1980's , as 

today. The least plausible photographs (i.e. most out of date) 

were those for the Barkly region. Throughout image processing, 

field site data were used in the assessment of the various images 

produced. Additional field data from specific random sites were 

later used as a basis for accuracy assessment of the final 

classified maps (see Chapter 7) . Information on the mapped units 

was obtained from detailed field site records and observation 

records. Unless otherwise specified typical s pecies refers to 

trees a nd shrubs from field sites whose total area (within the 25 

600m2 ) exceeded 100m2 • Lists of all woody species found from 

transects carried out during field work for the three Study 

Regions are found in Appendix II. 

5.1.1 King River Region 
Aerial photographs from t he King River area were interpreted, 

using a stereoscope and plotted into a map forma t using visual 

interpretative techniques described in Avery ( 1977). A number of 

units were identified on the map using gray t ones and texture 
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data. Unit interpretation was facilitated by: 

a. Field site and observation data 

b. Land unit mapping of the Katherine-Douglas area (Aldrick and 

Robinson, 1972) · A series of land- unit maps to the south of the 

Katherine River were compiled at 1 : 50 000 comprising the same 

units as the Aldrick and Robinson (1972) data. Four maps covered 

the Study Region and were referred to as Mullens, 5268 I, 

Manbulloo, 5368 IV, Scott 5268 II and Collins 5368 III. These 

were extremely detailed and provided supplementary data for unit 

description. 

c. Land systems mapping of the Tipperary area (Mabbutt, 1965}. 

The nearest equivalent Land System was included in the unit 

descriptions below. 

d. Geol_ogical data as obtained from the Northern Territory 

Geological Map as the Katherine Sheet was being re-mapped during 

1990-91. As the old sheet was out- of-print, bedrock geological 

data were not immediately available. This was not considered a 

problem because of the thickness of regrowth and vegetation cover 

in the King River region. 

The final map was reduced to a scale of 1:112 500 (Figure 5.1, 

located in back pocket) . Figure 5. 2 shows a cross section 

showing the regional physiography. Heights fo r the cross profile 

were based on the Australian Geodetic Datum (196 6) as found on 

Topographic map No. R621, Sheet 5268 and 5368, Edition 2 at a 

scale of 1:100 000. A total of fourteen units were identified, 

with six major units 

(I to VI) as follows: 

UNIT I: Rugged plateaux-like terrain, partially dissected by 

ephemeral streams, with pebbles and gravel and some laterites 

(5YR 5/6 yellowish red) typified the area. One observation point 

in the northern limit of this unit revealed Acacia shirleyi and 

Eucalyptus spp . as the major species. (Mullaman Land System) · 

UNIT II: Dissected terrain with sandstone outcrops on mesa

like platforms with surface lateritic (ironstone) gravel and 

boulders ( 2. 5YR 4/4 reddish brown) and sand ( 5YR 6/ 6 reddish 

yellow). Two observation points and one field site revealed 

eroded areas (rills) on lower slopes below mesa-like platforms. 

Field site data indicated: 

Green canopy cover = 51.7% 
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Dead/dormant wood = 2.2% 
Live herbaceous cover = 3.8% 
Dead herbaceous cover = 12.6% 

Bare soil = 18.1% 
Litter = 11.5% 

The green canopy comprised dense stands of Acacia shirleyi (from 

observation points) while elsewhere the unit comprised mixed 

woodland in which the most prevalent species were Erythrophleum 

chlorostachys, Terminalia pterocarya, Eucalyptus tetrodonta and 

Petalostigma spo . (Yujullowan Land System). 

UNIT IIA: Undulating terrain formed lower slopes and floors 

between Unit II mesas and contained some sandstone outcrops 

(Plate 5.1). Evidence of sheetwash and gully erosion was 

obtained from two field sites and one observation site (Plate 

5.2). Gravel (5YR 5/6 reddish brown ) and sand (7 . 5YR 5/4 brown) 

were common on hill slopes while sand ( 7. 5YR 8/5 pink) was 

prevalent on sand plains and gully floors . Silt (7 . 5YR 6/6 

reddish yellow and 7 . 5YR 6/0 gray) was exposed mainl y in eroded 

areas. Open Euclayptus forest contained E. tetrodonta, h 

miniata, E. tectifica, E. foel scheana and Termi nalia sop . Field 

site data for the unit i nd icated: 

Green canopy cover = 27. 5% 

Dead herbaceous cover = 1. 9% 

Live herbaceous cover = 9 . 1% 

Dead herbaceous cover = 21.6% (mainly dead grass) 

Bare soil = 29 . 8% 

Litter = 10. 3% 

(Yungman Land System) 

UNIT IIIA: Flat to gently sloping terrain was evident with 

scattered limestone outcrops (partially oxidised) and 

evidence of erosion (mainly sheetwash ) . Data from two field 

sites showed mainly sand (2 . 5YR 6/6 light red and 5YR 5/8 

yellowish red) with minor silt (2 . 5YR 3/4 dark reddish brown) and 

gravel ( 2 . 5YR 4/ 4 reddis h brown ) . The main canopy cover 

comprised Erythrophleum chlorostachys, Eucalyptus setosa. , 

.:::E:.:::U:..::C::..:::a~l~y'-'p=t~uc:s~t::..e:::...!:::t~r..:::o::..:::d:..::o~n'-!.t::..a~ and Euca 1 ypt us foe 1 s he a na . Cover types 

included : 

Green canopy cover 

Dead/ dormant wood 

= 31. 6% 

= 3 . 0% 



Plate 5.1 Sandstone outcrops typical of unit IIA, 
King River. 

Plate 5.2 Typical gully erosion found in unit IIA, 
King River. 
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Live herbaceous cover 

Dead herbaceous cover 

Bare soil 

Litter 

= 
= 
= 
= 

15 . 1% 

22.7% 

17.1% 

10.7 % 

(Kimbyan and Tagoman Land Systems) 
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UNIT IIIB: Flat to gently sloping terrain was evident with 

scattered partially oxidised limestone outcrops and erosion 

features. The unit was characterised by open areas with 

relatively little green vegetation cover (Plate 5 . 3) . Data from 

one field site and one observation point indicated mainly surface 

sand (7 . 5YR 6/6 yellowish red and 2. 5YR 4/4 reddish brown). 

Woody plant species included mainly Eucalyptus setosa , Eucalyptus 

tetrodonta and minor shrubs. Cover types included: 

Green canopy cover = 16.4% 

Deadjdormant wood = 5 . 4% 

Live herbaceous cover = 14 . 3% 

Dead herbaceous cover = 20.8% 

Bare soil = 31.8% 

Litter = 11.3% 

(Blain and Claravale Land Systems) . 

UNIT IIIC: Flat to gently sloping terrain was evident over 

pisolithic gravel surfaces formed of sand and ironstone gravel 

(Plate 5.4). One field site provided data. The soil was mainly 

gravel (2.5YR 4/4 reddish brown) and sand (5YR 5/8 yellowish 

red). The major canopy species were Eucalyptus tectifica, 

Eryrthophleum chlorostachys and Eucalyptus latifolia . Gover 

types included: 

Green canopy cover = 31.3% 

Dead/dormant wood = 3.2% 

Live herbaceous cover = 7 . 4% 

Dead herbaceous cover = 40.8% 

Bare soil = 10.8% 

Litter = 6.5% 

(Woggaman Land System) 

UNIT IV: Low gentle slopes of thin sandy soil were underlain 

mainly by limestone bedrock. Soil data from two field sites and 

one observation site indicated that the main soil types were sand 

(2.5YR 4/6 brown and 5YR 5/3 reddish brown), limestone outcrops 

(2.5YR 6/2 light grayish brown), silt incrustations (5YR 2/5.1 

.. 



Plate 5.3 Cleared areas within unit IIIB with typical 
eucalypts. King River. 

Plate 5.4 Exposed ironstone gravel and sand surfaces of 
unit IIIC with dead grass and typical eucalypts. King 
River. 
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black) and minor gravel . The main species were Eucalyptus 

foelscheana, E. confertiflora, E. patellaris and Erythrophleurn 

chlorostachys. Land cover consisted of : 

Green canopy cover = 29 . 7% 

Dead/dormant wood = l. 3% 

Live herbaceous cover = 15 .4 % 

Dead herbaceous cover = 31.3% 

Bare soil = 13. 8% 

Litter = 8.2% . 

This unit was characterised by a marked variation in herbaceous 

(perennial grass) cover, varying from 50% cover to bare limestone 

outcrops. (Wriggley and Tagoman Land System). 

UNIT VA: Gently undulating terrain extended from river 

backplains laterally into hilly country beyond. Data from two 

field sites and two observation points indicated rocky outcrops 

which were interspersed by sandy erosion channels. Sheetwash 

erosion was also evident. Soil cover included sand ( 2. 5YR 

5j6red), silt (5YR 5/6 yellowish red} and gravel rock outcrops 

(7.5YR 7/6 reddish yellow to 5YR 5/4 reddish brown}. The main 

species were Eucalyptus papuana, E. setosa, E. miniata 1 h 

foelsheana 1 Erythrophleum chlorostachys 1 Petalostigrna spo ._, 

Croton arnhemicus 1 Brachychiton diversifolius and Bridelia 

tomentosa. Land cover consisted of: 

Green canopy cover 

Dead/dormant wood 

Live herbaceous cover 

Dead herbaceous cover 

Bare soil 

Litter 

(Yujullowan Land System} 

= 
= 
= 
= 
= 
= 

41.5% 

5.8% 

6.3 % 

17.9% 

18.8% 

9.9% 

UNIT VB: Gently undulating terrain extended from river 

backplains and extended laterally into hilly country beyond. 

Data from four field sites indicated that this area was less 

eroded than unit VA although evidence of sheetwash and rills 

occurred. Rock outcrops were less prevalent but more ironstone 

gravel and sand plains were present. Soil cover included sand 

(5YR 4/4 reddish brown to 5YR 7/3 pink} 1 gravel (2.5YR 4/4 dark 

reddish brown - 2.5YR 3/4 red) and silt (7.5YR 5/2 brown). The 

main species were Erythrophleum chlorostachysl Termi nalia 
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pterocarya, Eucalyptus foelscheana, E. papuana, E . patellaris, 
E. tectifica, E. rniniata, 

latifolia, E. tetrodonta, 

and Arnpelocissus acetosa, 

of: 

Green canopy cover 

Dead/dormant wood 

Live herbaceous cover 

Dead herbaceous cover 

Bare soil 

Litter 

E. bleeseri, Arnpelocissus acetosa, b..:_ 

Planchonia careya, Petalostigma spp. 

(Plate 5.5). Land cover consisted 

= 52.3% 

= 3.1% 

= 8. 3% 

= 12.9% 

= 13 . 2% 

10.3% 

(Claravale, Kimbyan Land Systems and minor Kararnan alluvial 

plains) . 

UNIT VIA : Major river backplains and/or tributary drainage 

flats were evident with some younger river levees (Plate 5.6). 

Data from two field sites and one observation point indicated 

that gully, sheetwash and rill erosion were prevalent (Plate 

5 . 7 and Plate 5.7a). Sand (5YR 5/3 reddish brown) and silt 

(7 . 5YR 6/6 reddish yellow to 5YR 5/6 yellowish red) were the 

major soils . The rna1.n species were Erythrophleum 

chlorostachys, Eucalyptus foelsheana, E. clavigera, 

tectifica and E. carnuludensis. Land cover consisted of: 

Green canopy cover = 30.9% 

Dead/dormant wood = 1. 4% 

Live herbaceous cover = 15.0% 

Dead herbaceous cover = 24 . 6% 

Bare soil = 15.1% 

Litter = 13.0% (Banyan Land System). 

UNIT VIB : Flat floodplain terrain occurred comprising part 

of major river backplains (unit VIA) . Data from two 

observation points indicated mainly silty clay soils portions 

of which were cleared for cultivation, especially on the north 

bank of the Katherine River. Parts of these areas were mapped 

as F (fields) as shown on Figure 5.1 (located in back pocket). 

(Banyan Land System) . 

UNIT VIC: Drainage channels with temporary ponding and 

minor terrace development with some evidence of sheetwash 

eros ion were evident adjacent to rna j or rivers . Data from one 

observation point indicated that the soil consisted of sand 



Plate 5.5 Eucalypus miniata and Eucalyptus tetrodonta 
woodland typical of unit VB, King River. 
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Plate 5 . 6 Major river backplains s howing 
ground cover and eucalypt woodland of unit 
VIA, King River. 
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Plate 5.7 Intensive erosion exposing roots 
of eucalypts typical of unit VIA, Barkly. 
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Plate 5.7a Further example of gully erosion 
in Unit IVA. 

66 



67 

(SYR 6/3 light reddish brown) and s ilt (SYR 4/1 dark gray). The 

main woody species were Erythrophleum chlorostachys, Eucalyptus 

miniata, Eucalyptus lati folia, Petalostigma spp . The ground 
cover consisted of : 

Green canopy cover = 29.4% 
Dead/dormant wood = 2.2% 
Live herbaceous cover = 20.7% 
Dead herbaceous cover = 25. 8% 
Bare soil = 11.7 % 
Litter = 10.2 % 
(Banyan Land Syst em) . 

UNIT VIO: Major river backplains and/or tributary drainage 

flats we r e evident with some younger river levees, similar to 

unit VIA, but more densely veget ated . Data from two field sites 

and one observation site indicated evidence of gullying and 

sheetwash erosion . Soils were mainly sand ( SYR 4/ 4 reddish 

brown- 2 . 5YR 6/ 6 light red), silt (SYR 5/ 6 yellowish red), gravel 

(7 . 5YR 4/4 brown) and oxidised gravel (2 . 5YR 4/2 weak red) . The 

ma in species was Eucalyptus tectifica . 

consisted of: 

Green canopy cover 31.6% 

Dead/ dormant wood == 2 . 7% 
Live herbaceous cover == 7 . 2% 

Dead herbaceous cover = 28.5% 

Bare soil = 20.4% 

Litter = 9.7% 

(Banyan Land System) . 

The ground cover 

UNIT VIE : Present day river channels a nd dense vegetation in 

the immediate riparian zone . Data from two observation points 

indicated that much of this area comprised clay-draped fluvial 

features and sandyjloarny levees. Typical species included 

Eucalyptus papuana . (Banyan Land System) . A summary of the 

biophysical units and their interrelationships is shown o n Figure 

5.2. Unit 1 comprised rugged plateau like terrain with 

Eucalyptus woodland and Acacia shirleyi as the ma jor s pecies . 

The terrain of unit II was more dissected with a green canopy 

cover of over 50% , live herbaceous cover of 3 . 8% and dead 

herbaceous cover of about 13% . The more undulating terrain of 

unit IIA formed the lower slopes and floors of unit II. The 

l 
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green canopy cover was considerably less (28%) than in unit II 

although the 1 i ve herbaceous and dead herbaceous cover were 

greater . Sandstone outcrops were a feature of units II and IIA 

while limestone outcrops were a feature of units IliA and IIIB. 

Unit IliA was a very minor unit in terms of total area . Although 

green canopy cover was greater in unit IliA than IIIB the live 

and dead herbaceous cover were similar. Low, gentle slopes of 

thin sandy soil of unit IV were typified by mixed Eucalyptus 

woodland and ironwood (Erythrophleum chlorostachys) with a high 

dead herbaceous cover except on limestone outcrops. Units VA and 

VB were characterised by gently undulating terrain extending from 

river backplains. Less rock outcrops but more ironstone gravel 

and sand plains were present in unit VB. Unit VB had a greater 

green canopy cover than VA . Unit VI consisted of major river 

floodplains, major river backplains, drainage c hannels and minor 

terrace development adjacent to major rivers a nd present day 

river channels all with a green canopy cover of around 30% . 

5.1.2 Barkly Region 

Aerial photographs from the Barkly region were interpreted 

using a stereoscope and results were plotted into a map format 

using visual techniques described in Avery (1977) . A number of 

units were identified on the map using gray tones and texture 

information. Unit interpretation was facilitated by : 

a . Field site a nd observation data 

b. Land resource survey maps for the Barkly region (Christian et 

al., 1952) . The Barkly Region forms part of the Southern Desert 

Country, comprising the Wonorah, Prentice and Tobermory Land 

Systems. 

c. The Geological map for Alroy, N. T., (Randal, 1966) . 

The map was reduced to a final scale of 1 : 112 500 (Figure 5 . 3 

located in back pocket). A cross section showing the regional 

physiography is shown on Figure 5 . 4 . Heights for the cross 

profile were based on the Australian Geodetic Datum from 

topographic map SE 53-15 at a scale of 1:250 000. In the 

following description of units data were generalised from the 

field site and observation information. In the case of plant 

species, the prevalent species were those from a given site in 

wh ich the species covered an area of 100 m2 or more within a 

t otal area of 25 600m2 • A total of eleven units were identified 
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consisting of five major units as follows: 

UNIT I: Flat, low lying terrain was evident with sand on the 

surface and pisolithic gravel at depth. The sand was 2 . 5YR 4/6 

red. The most prevalent woody species were Acacia multisiligua, 

Acacia coriacea and Ventilago viminalis. The average cover from 

one field site and one observation site was: 

Green canopy cover = 44.3% 

Dead/dormant wood = 5.1% 

Live herbaceous cover = 6 . 9% 

Dead herbaceous cover = 1. 8% 

Bare soil = 39.1% 
Litter = 2.8% 

UNIT IIA: 

gravel rises 

mainly flat 

Flat, gently undulating terrain with iron stained 

(2.5YR 4/4 reddish brown) with minor calcrete and 

sandy-silt (2 . SYR 4/6- 5/6 red) with silt 

incrustations. Partial disturbance of the soil resulted from 

cattle trampling. The average cover and bare soil from seven 

field sites and three observation sites indicated: 

Green canopy cover = 23 . 2% 

Dead/dormant wood = 4.7% 

Live herbaceous cover = 4 . 6% 

Dead herbaceous cover = 1. 6% 

Bare soil = 62.1% 

Litter = 3.9% 

The most prevalent woody species included Acacia 

ancistrocarpa, A. lysiEhloia, -A. coriacea, Capparis umbonata, 

Atalaya hemiglauca, Ventilago viminalis, Eucalyptus terminalis 

and Cassia helmsii (Plate 5.8). 

UNIT IIB: Flat, gently undulating terrain was evident with low 

iron stained gravel rises and sandy-silt depressions. 

General characteristics as determined from two observation points 

indicated a general similarity to unit IIA but unvegetated clay 

pans were prevalent. 

UNIT IIIA: Elliptical and ovoid calcrete ridges were evident 

with sandy-silt depressions forming undulating terrain (Plate 

5.9). Some calcrete (SYR 7/2 pinkish-gray) was exposed at the 

surface formed minor karst solution features. Depressions were 

filled mainly with silt (2 .5YR 4/6 red), surface sand (SYR 5/6 

yellowish red) and some iron-sta ined pebbles. The average cover 



Plate 5.8 Eucalyptus terminalis and Acacia 
lvsiohloia on sandy silt, characteristic of 
unit IIA, Barkly. 

7 1 
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Plate 5 . 9 Exposed calcrete typical of unit IliA, Barkly. 
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from four field sites and four observation sites comprised: 
Green canopy cover = 27.6% 
Dead/dormant wood = 3 . 7% 
Live herbaceous cover = 7 . 9% 
Dead herbaceous cover = 1. 6% 
Bare soil = 54 . 6% 
Litter = 4.6% 
The most prevalent species included Acacia coriacea, /1. 
lysiphloia, A. ancistrocarpa, Eucalyptus terminalis, Ventilago 
viminalis and Croton spp . 

UNIT IIIB: Subdued, elliptical and ovoid calcrete ridges were 

evident with sandy-silt depressions forming undulating terrain. 

Soil and vegetation characteristics from two field sites and two 

observation sites indicated that the surface consisted of sandy

silt at 2.5YR 5/6 red with intermittent gravel rises (2 . 5YR 4/4 

reddish brown). The cover comprised: 

Green canopy cover 

Dead/dormant wood 

Live herbaceous cover 

Dead h~rbaceous cover 

Bare soil 

Litter 

The most prevalent 

= 

= 

= 
= 
= 

species 

26.6% 

7.9% 

3.1% 

1. 6% 

58 . 3% 

2 . 6% 

included Eucalyptus pruinosa, 

Ventilago viminalis, Acacia hemiglauca, Acacia georginae and 

Cassia helmsii. 

UNIT IIIC: Flat to gently undulating calcrete- based terrain 

with a veneer of sandy- silt was typical of the unit . Elliptical 

and ovoid ridges were absent. Soil and vegetation 

characteristics were similar to IIIA. 

UNIT IIID: Basic terrain characteristics similar to IIIC were 

evident with large monospecific stands of Acacia georginae. As 

determined from three observation points these comprised dense 

stands with 50- 80% cover with large proportions of dense plant 

litter and dead wood. 

UNI T IV: Flat, low lying channel features were evident and 

comprised sand , silt and clay in- fill. Three observation points 

i nd icated that this unit was mainly grass - covered with a 

uniformly spaced Eucalyptus shrub layer. 

UNIT VA: Low lying, gently undulating terrain was evident 
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forming a featureless surface which was relatively unvegetated 

compared to the more extensive Unit VB . The soil content, colour 

and overall species mix were similar to that found in unit VB. 

UNIT VB: Low lying, gently undulating terrain was evident 

forming a featureless surface with a dune- like pattern on aerial 

photographs (Plate 5 . 10). The features trended north-west to 

south- east and comprised mainly sandy-silt (2 . 5YR 4/6-5/6 red) 

with minor gravel in the north (2.5YR 4/4 reddish brown). Cover 

data from four field and three observation sites indicated that : 

Green canopy cover 

Dead/dormant wood 

Live herbaceous cover 

Dead herbaceous cover 

Bare soil 

Litter 

= 21.9% 

= 5.3% 

= 10.3% 

= 3.5% 

= 52.7% 

= 6 . 1% 

The most common species included Eucalyptus terminalis, Acacia 

coriacea, Ventilago viminalis, Acac i a ancistrocarpa and Acacia 

lysiphloia. 

UNIT VC: This area was similar in terms of topography and 

soil to Unit VB but showed a darker tone on the aerial 

photographs. Soil was mainly sandy-silt ( 2. 5YR 5/6 red) as 

determined from two field sites and one observation site. 

Vegetation cover was similar to Unit VB with: 

Green canopy cover = 24.0% 

Dead/dormant wood 5.5% 

Live herbaceous cover = 15.9% 

Dead herbaceous cover = 0.5% 

Bare soil = 50.1% 

Litter = 4.0% 

Differences from unit VB occurred in the species mix as the most 

prevalent types were Acacia stipuligera, Eucalyptus pachyphylla, 

Croton spp. and Eucalyptus terminalis (Plate 5 . 11). 

A summary of the biophysical units and their 

interrelationships is shown as Figure 5 .4. The flat, low lying 

terrain of unit I was characterised by a green canopy cover of 

44 % with major species comprising Acacia spo. and Ventilago 

viminalis. Unit IIA and IIB comprised flat, gently undulating 

terrain with iron stained gravel rises. Unit IIB differed from 

IIA by having unvegetated clay pans present. The units in III 



Plate 5.10 Featureless surface showing exposed 
soil, Acacia lysiphloia, Eucalyptus terminalis 
and small Cassia spo. typical of unit VB . 

7 5 



Plate 5 . 11 Acacia stipuliger~ with exposed soil typical 
of unit VC, Barkly. 
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were typified by the presence of calcrete based terrain. Unit 

IIIA and II IB were most extensive and had a similar breakdown of 

cover types . The calcrete ridges in IIIB were more subdued than 

in IIIA. Unit IIID was typified by large monospecific stands o f 

Acacia georginae (Plate 5 . 12) . Unit IV comprised grass covered, 

low lying channe l features with uniformly spaced eucalypt s hrub 

species. The u n its in V comprised low lying , gentle undulating 

terra in formi ng a featureles s surface . Unit VA was relatively 

unvegetated while unit VA and VC had a green canopy cover of over 

20% with Acacia spo . and Eucalyptus terrninalis as the major 

species. Unit VC dif fered from VB as i t had mainly silty sandy 

soil. 

5.1.3 Simpson Region 

Aerial photographs from the Simpson region were interpreted 

using a stereoscope and i nterpret ive techniques found in Avery 

(1977). A number of units were identified on the map using gray 

t ones and texture information . Unit interpretat ion was 

facilitated by: 

a. Field site and observation data 

b. Land r esource survey maps f or Simpson area (Perry et al . , 

1961). Broad Land Systems include mainly the sandy Simpson 

Land System a nd more rocky Endinda and Peebles Land Systems . 

c. Geological maps for Hale River (Shaw, 1968) and Me Dills 

(Division of National Mapping, 1968). 

The map was reduced such that the final scale was 1:112 500 

(Figure 5 . 5 l ocated in back pocket) . Cross sections showing 

regional physiography are shown on Figures 5.6 and 5.7 . Heights 

for the cross - profiles are based on the Australian Geodetic Datum 

(1966) on topographic map SG 53 - 3 and SG 53 - 7 at a scale of 1 : 250 

000. The woody species cover was relatively low in this region 

and frequently less than 100 m2 within a total area of 25 600m2 • 

The most prevalent species found in the field sites are listed 

and the area in m2 wh ich they covered are indicated. A total of 

nine units were identified with six major units as follows: 

UNIT I: Tertiary bedrock outcr ops forming low undulating hills, 

partially dissected by ephemeral streams overlain by thin, 

surface gravel. Pebbles (non-wind glazed) comprised s hale, 

mudstone and ochreous claystone and generally occurred as Munsell 

color 10YR 4/2, dark grayish brown. No vegetation occurred on 



Plate 5.12 Monospecific stands of Acacia georginae 
typical of unit IIID, Barkly. 
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this unit . Data are based on two observation points . 

UNIT I I : Flanks of Tertiar y bedrock outcrops fo rmed low 

pla i ns with minor gradients ( 1 - 2°) covered by alluvia l sand 

(2.5YR 5/8 red) and gravel (ranging from 2.5YR 3/2 dusky red to 

10YR 4/2 dark grayish brown) interspersed with minor clay pans. 

Data were from four observation points and two field sites The 

total cover and exposed soil comprised : 

Green canopy cover 

Dead/dormant wood 

Live herbaceous cover 

Dead herbaceous cover 

Bare soil 

Litter 

= 3 . 8% 

= 0.1% 

= 0 . 1% 

= 8 . 6% 

= 87.0% 

= 0 . 4% 

Acacia tetragonophylla (83.87 m2 ) a nd Acacia ligulata (71 .17 m2 ) 

were the most prevalent species . 

UNIT III: Low gradient basins between Tert iary bedrock 

outcrops were covered by alluvial silt with minor clay pans 

interspersed with sand and varn ished, wind glazed gravel (Plate 

5 .13 ) . The major soi l types were gravel (2 . 5YR 5/6 reddish 

brown), silt ( 2.5YR 4/6 red) and sand (2.5YR 5/6 red) . Data were 

from three observation points and five field si t es . The average 

cover and bare soil comprised : 

Green canopy cover = 2 . 6% 

Dead/dormant wood = 0. 3% 

Live herbaceous cover = 1. 0% 

Dead herbaceous cover = 15 . 9% 

Ba re soil = 77 . 3% 

Litter = 2.9% 

The most prevalent ground cover species were Rhagodia spp . (>100 

m2 ) , Sclerolaena spp . ( 3 3. 5 m2) , A triplex spp. ( 4. 18 rn2
) , and 

Enchylae na t ornentosa (3 . 9 m2). Hakea leucoptera (23.98 m2
) a nd 

Atalaya hemiglauca ( 34.77 m2 ) formed the most common canopy 

species. 
UNIT IV : Medium to fine sand formed widely spaced 

longitudinal dunes up to 15 m high with 500-1000 m wide swales 

(Plate 5 . 14 ) . The western dune flanks were the more densely 

vegetated than the eastern flanks . Average Munsel l colours for 

the ma i n surface materials were 5YR 5/6 yellowish red (silt a nd 

minor clay), 2 .5YR 3/2 dusky red (gravel but very variable) and 
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Plate 5 . 13 View over low gradient basins of unit III 
from the crest of a unit IV sand dune. Tent is 1.5 m., 
Simpson. 

Plate 5.14 Interdune swale of unit IV, from crest of a dune 
looking east , Simpson . 
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2 .5YR 5/4 red (sand). Crest- lines and deflation holl ows showed 
intermittent vegetation cover. 

percentages were: 

Green canopy cover 

Dead/dormant wood 

Live herbaceous cover 

Dead herbaceous cover 

Bare soil 

Litter 

= 

= 
= 
= 
= 

The total cover and bare soil 

14.5% 

3 . 6% 

2.8% 

9.5% 

60 .0% 

9 .6% 

The most prevalent species we re Grevillea stenobotrya and 

Zygochloa paradoxa on the dune crests and Dodonaea viscosa spp. 

angustissima, Acacia dictyophleba, Acacia ligulata and Atalaya 

hemiglauca on the silt dominated swales . Each were >1 00 m2 in 

their respective field sites except for Atalaya hemiglauca . (88 . 5 
m2) • 

UNIT V: Medium to fine sand formed more narrowly spaced 

longitudinal dunes, 7- 10 m high with swales commonly 200 - 400 m 

wide. The dunes supported little vegetation on their eastern 

(gentler) flanks and were more densely vegetated on their western 

flanks . Crest-lines showed a semi- continuous vegetation cover. 

The swales consisted of darker silts, partially covered by sand 

and were moderately well vegetated. The total vegetation cover 

and species were similar to that of unit 1V. 

UNIT VA: This small unit comprised topographic and 

characteristics similar to unit V but less than 5 . 0% total green 

cover. The swales contained a high proportion of light coloured 

silt with mainly low saltbush as a sparse ground cover . 

UNIT VB : Topographic and vegetation characteristics were 

similar to unit V but thi s unit was less extensive . The swales 

contained a high proportion of dark gravel giving the unit an 

overall dark appearance. 

UNIT VC: This small unit had topographic characteristics 

similar to unit V but was more densely vegetated over both dunes 

and s wales. 

UNIT VI: Medium to fine sand and silt were evident forming 

irregular dunes and hollows. Total relief was 5 m. The most 

widespread soil colour was 2. 5YR 5/6 red (sand and silt). 

Vegetation cover was medium to sparse over the dunes and denser 

in the hollows. Data were obtained from three field si tes . The 
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total cover and bare soil was: 

Green canopy cover = 13.9% 

Dead/dormant wood = 4.8% 

Live herbaceous cover = 10.8% 

Dead herbaceous cover = 7 .2 % 

Bare soil = 59.4% 

Litter = 3.9% 

The most prevalent species were Acacia dictyophleba and Acacia 

aneura which were >100 m2 in their respective field sites (Plate 

5 . 15) . 

A summary of the biophysical units and their 

interrelationships is shown on Figure 5 . 6 . Unit I consisted of 

bedrock outcrops forming low undulating hills partially dissected 

by ephemeral streams overlain by thin, surface gravel and no 

vegetation. Bedrock outcrops formed low plains covered by sand 

and gravel. Bare soil predominated at 87% of the land cover . 

Un it III comprised basins between the bedrock outcrops with 77% 

bare soil. Green canopy cover averaged 2 . 6% with a live 

herbaceous cover of 1% . Unit IV was characterised by widely 

spaced, long dunes with wide swales. Green canopy cover was 

14 . 5%. The dunes characteristic of Unit V were more narrowly 

spaced with a similar vegetation cover to unit IV. Units VA and 

B were topographical ly similar to unit VA. Unit VA had a very 

high proportion of dark gravel in the swales with a green 

vegetation cover of less than 5%. Unit VI consisted of irregular 

dunes with densely vegetated hollows. Green canopy cover was 14% 

and live herbaceous cover was 11% . 
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Plate 5.15 Acacia aneura typical of unit VI, Simps on . 

• 



CHAPTER 6. RADIOMETER RESULTS 

6.1 INTRODUCTION TO RADIOMETER WORK 

6.1.1 Purpose of radiometer readings 

Radiomet er read i ngs were taken to: 

86 

1. Determine whether commonly applied and expe rimental band 

transforms are equivalent and which transforms may be used to 

predict the occurrence of green veget ation cover in the three 
Study Regions . 

2. Develop relationships describing the reflectance of green 

vegetation cover relative to background components. 

3 . Determine the MSS spectral characteristics of the main 
species types. 

4. Determine the MSS spectral c haracteristics of the main 

background components . 

5 . Assess where on scatterplots green vegetation cover and soil 

lay to determine whether they are separable . 

6 . Target specific MSS bands that might expedite image 

processing . 

6.2 RADIOMETER READINGS 

Radiometer readings consisted of three values on each MSS band 

for each target feature. For all bands the average reading for 

e ach target feature was calculated resulting in a sample size of 

3 4 0 for King River, 103 for Barkly and 108 for Simpson . Due to 

the larger variety of vegetation and soi l types in King River, a 

proport ionately larger number of readings were taken. The 

radiometer readings were converted to percent reflectance using 

the Reflect program (Section 4. 5) . Analysis of relationships 

between reflectance values was carried out using analysis of 

variance of regression {Abacus Concepts, 1987). F-ratios were 

used t o determine the significance of regression relat ionships 

(Shaw and Wheeler, 1985) . 

6.3 RESULTS - STUDY REGION 1, KING RIVER 

6. 3 .1 General statistics, inter-band correlations and 

soil/vegetation separation 

Summary statistics for single MSS bands are s hown on Table 

6. 1. The v isible bands had the lowest mean ref lectances while 
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the infrared had the highest. Since green vegetation reflects 

most in the infrared (Figure 2.1) these results were expected . 

The variance- mean ratios showed that least data variation was 

found in MSS 4 and most in MSS 7. 

TABLE 6.1 Summary statistics for MSS bands - King River 

MSS Band Mean Std . error n Min Max VMR 

1 4 9 . 60 0 . 25. 340 1. 91 36 . 00 2 . 13 
2 5 12 . 85 0. 31 340 2.28 33.41 2.59 
3 6 21.52 0.46 340 2.60 49.47 3.37 
4 7 28.74 0.54 340 3.27 58 . 91 3.43 

where: n = sample size 
VMR = variance-mean ratio 

Single band reflectance values were used to develop interband 

transforms indicative of vegetation i ndices (Section 2.2) . To 

determine their usefulness along with other band transforms, 

subtractive and additive arithmetic operat i ons were included on 

an experimental basis . Band transforms are shown on Table 6.2. 

Linear regressions were used on the results of all single band 

data and interband transforms to determine the degree of 

redundancy. A correlation matrix was produced (Table 6 . 2). Out 

of a possible 256 relationships 182 had a probability of <0.0001 . 

Probability is P(H
0

) where H
0

: The regression of y on x is not 

significant. MSS 7 correlated with all other bands and 

transforms at the <0.0001 level while MSS 6-4 correlated with all 

other bands except MSS 4. MSS 6+4 showed the least number of 

correl ations so it probably contained the most unique data. The 

most useable information appeared to be contained on MSS 7 

al t hough band transforms MSS 6-4, MSS SQRT [ (6-4/ 6+4)+0.5), MSS 

7 - 5 and MSS 4 were also useful. Overlap in data distribution was 

s hown in single bands and transforms revealing data redundancy . 

Percentages of illuminated green vegetation cover, dead wood, 

pla nt litter, different soil types (irrespective of soil colour), 

total soil, Munsell value, Munsell chroma and 100% shade 

(dependen t variables) for single MSS band reflectance readings 



MSS 4 

MSS 5 
MSS 6 
MSS 7 
MSS 7-5 

MSS 7+5 

MSS 7/5 
MSS 6-4 

MSS 6+4 

MSS 6-4 ... 

SORT 7/5 

MSS 6/4 
SORT 6- ... 

MSS 7-5 .. . 

SORT 7- .. . 

MSS 4+5 .. . 

Table 6.2 Co r rel~tion mat r ix showing interrela t ions h i ps between 
MSS bands and interband transforms obtained from r a diometer data 
for King Ri ver. 

MSS 4 MSS 5 MSS 6 MSS 7 MSS 7-5 MSS 7+5 MSS 7/~ MSS 6-4 
I 

.773" I 

.577 . .602 " I 

.49. .461 • .833" I 

. 046 -.134 . . 539 • .818 • 

.686 . . 761 . . 864 • .926 . 

- .282 . - .539" . 139 . 352 • 

. 056 .234. .848 . .7 • 

. 805 . .735 • .949 " . 794 . 
-.422 . -.1 86 .<141" .372 " 
-.295. - .56 1" ' 143 . 3a t ·· 
- .387 . - .238 .429 " .344 " 
-.424 . - .173 . .433 . .37 . 

-.295 . -.557 . . 14 . 409 " 

-.284" - .539 " .1 41 .414 . 

.762 . .77 . .929 " .889 " 

Where: 

MSS 6-4 .. = MSS 6 - 4/6+4 
SQRT 7/5 = MSS SOR T 7/5 

I 
.54 • I 
.743 • .028 
.63 . .611 . 

.409 . .892" 

.536 ~ '193 

.79. .04 

.538 . . 15 

.525 . .196 

.818. .063 

.813 . .074 

. 493 . .977 " 

SORT 6 - .. = MSS SORT [(6 -4/6+4 ) +0.5] 
MSS 7-5/ .. = MSS 7 - 5/7+5 
SORT 7= .. = MSS SORT [(7-5/7+5)+0 . 5] 
MSS 4 +5 .. = MSS (4+5+6+7)/4 

·= significant at p =< O.OOO l leve l 

I 
.354 • I 

- .008 .637 • 

.51 " .813 . 

.986 * .367. 

.604. .775 . 

A8r .8os · 

.903 • .363 . 

. 873 . . 357 . 

.012 . 64 • 

M<;<; 6+4 MSS 6- S~T 7/5 MSS 6/4 SCJH 6-
I 

' 157 1 
-.01 .536 • 1 

. 162 .935" .6 • I 

.15 .997 . .5 17 " .9 1. 1 
-.012 .546. .961 . .559 • .534" 

- .007 .54 . .939" .543 • .53 • 

.968 • .18 1 .0 17 .16 .1 8 

MSS 7- SORT 7- MSS 4t. 

1 
.997" I 

.029 .037 I 
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were determined from field records {Appendix II). Linear 

regressions were carried out on all single bands and transforms 

(independent variables} against the dependent variables. 

Correlation co-efficients were recorded on Table 6 . 3. By using 

the correlation co- efficient (r} a standardised unit of 

measurement was provided so comparisons between different bands 

and transforms could be made. 

Transforms most likely to contain useful information on green 

vegetation cover included MSS 7/5, MSS 6/4, MSS 6-4 , MSS 6-4 / 6+4 

and MSS SQRT((6-4/6+4}+0.5] . Table 6.4 shows their regression 

equations all at p:<0.0001. The most predictive ratios for dead 

wood, sand, gravel, Munsell value and total soil are shown on 

Table 6.4, where in all cases p=< 0.0001 . Since few significant 

correlations were evident for proportions of plant litter, silt, 

Munsel l chroma, 100% shade, clay and dead grass these were 

difficult to predict in this region, using radiometer data. 

Total soil and Munsell value appeared to be most easily 

predictable. 

Regressions were calculated for MSS 4 on MSS 6 for two 

separate data sets, green cover and soil. The data did not 

separate into green cover and soil clusters . Most data were 

found between 5 - 15% reflectance in MSS 4 and 5- 35% reflectance in 

MSS 6 (Figure 6. 1} . At low reflectances, green cover may be 

separable from soil. The regression equations for MSS 4 on MSS 

6 vegetation and soils were : 

MSS 6 = 1.181 MSS 4 green vegetation cover+10.874 (r=0.57, 

p=<O.OOOl) and 

MSS 6 = 1 . 078 MSS 4 soil+7.822 (r=0 . 76, p=< 0.0001). 

MSS 5 on MSS 7 for soil and green cover, showed minor separation 

between the regression l ines (Figure 6 .2). Reflectances of above 

45% i n MSS 7 were almost exclusively vegetation . The regression 

equations were: 

MSS 7 = 0 . 865 MSS 5 green vegetation cover+l8 . 668 (r=0.45, 

p=<O . OOOl) and 

MSS 7 = 1.008 MSS 5 soil+l0 . 217 (r=0.82, p=<O.OOOl) · 

6.3 .2 Soil reflec tance 
Figure 6 . 3 shows the reflectances of 14 dominant soils plotted 

against all MSS bands. The four soils with the highest 

re flectance values were different sand types while soils with the 



1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
II 
12 
13 
14 
15 
16 

Table 6.3 Correlation co- efficients from interrelatio ns h i ps 
between MSS b a nds/interband trans forms a nd s u r fac e reflec t a nc e 
c omponents u s ing r a diometer d a ta fo r King Ri ver. 

Uegetotlon Deod wood Litter Sond Slit Greuel Soil uelue Soil chrome Shade Total soli 

MSS 4 .13 .13 .30 .30 .06 .08 .48• .03 .06 .25 
MSS 5 .17 .41 .04 .44• .09 .07 .47• 0 .02 .31• 
MSS 6 .15 .71 .26 .II .49 .26 .31• .08 .15 .04 
MSS 7 .08 .70 .14 .02 .62 .43• .23 .03 .16 .13 
MSS 7-5 .18 .66 .13 .38• .68 .so• .08 .04 .05 .41 • 
MSS 7• 5 .01 .65 . 11 .22 .51 .28 .35• .02 .21 .05 
MSS 7-5/7•5 .18 .38 .ll .52• .64 .45• .29• .02 .II .47• 
MSS 7/ 5 .23• .39 .16 .47• .65 .40• .28• .02 .17 .45• 
MSS 6/ 4 .33• .61 .I S .28 .29 .36 .I 9 .02 .02 .39• 
MSS 6- 4 .27• .79• .23 .09 .42 .35 .05 .08 .15 .24 
MSS 6+4 .06 .52 .24 .19 .36 .17 .41 • .07 .14 .07 
MSS SORT 7/ 5 .22 .39 . IS .49• .65 .43• .29• .01 .15 .47• 
MSS SORT ((7- 517•5) •0.5) .17 .38 .II .52• .64 .45• .28• .03 .10 .47• 
MSS 6-4/ 6•4 .29• .59 .16 .29 .18 .36 .22 .0 .02 .37• 
MSS ((6- 4/ 6• 4)•0.5) .27• .32 .16 .28 .1 4 .37 .22 .01. .07 .36• 
MS S (4•5•6•7)/ 4 .02 .62 .18 .21 .44 .24 .39• 05 . 18 .06 

* = s ignif i cant at p =<O.OOOl 

Deed grass 

.16 

.14 

.10 

.07 

.14 
0 
.17 
.16 
.25 
.18 
.04 
.17 
.18 
.26 
.03 
.02 
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TABLE 6.4 Regression equations for single bands and interband 
transforms against surface reflectance component s using 
r adiometer data for King River. 

Regression equation 

1 MSS 7/5 = 0 . 015gv+2 . 194 
2 MSS 6/4 = 0 . 150gv+2.041 
3 MSS 6 - 4 = 0 . 086gv+10.073 
4 MSS 6-4/6+4 = 0.002gv+0 . 335 
5 MSS SQRT [(6-4/6+4)+0.5] =0 . 001gv 

+0 . 911 
6 MSS 6-4 = - 0.127d+13.693 
7 MSS 5 = 0 . 0935s+11 . 843 
8 MSS 7 - 5 = -0.086s+20.086 
9 MSS 7-5/7+5 = - 0 . 002s+0.44 

10 MSS 7/5 = - 0 . 011s+2 . 643 
11 MSS SQRT 7/5 = - 0 . 004s+1.616 
12 MSS SQRT[(7-5j7+5)+0 . 5]= 

- 0 . 001s+0.969 
13 MSS 7 = -0 . 109g + 27 . 016 
14 MSS 7 - 5 = - 0.120g+15.804 
15 MSS 7 - 5/7+5 = 0 . 003g+0 . 428 
16 MSS 7/5 = - 0 . 014g+2.7 
17 MSS SQRT 7/5 = - 0.005g+1.617 
18 MSS SQRT[(7-5/7+5)+0.5]= 

- 0 . 002g+0.964 
19 MSS 4 = 2.18sv- 0 . 525 
20 MSS 5 = 2 .47 1sv+1 . 908 
2 1 MSS 6 = 2.505sv+9.212 
22 MSS 7+5 = 4.422sv+2 0 . 421 
23 MSS 7-5/7+5 = -0 . 038sv+0 . 517 
24 MSS 7/5 = - 0.197sv+3.113 
25 MSS 6+4 = 4 . 685sv+8 . 687 
26 MSS SQRT 7/5 = - 0 . 0655sv+1 . 762 
27 MSS SQRT((7 - 5)/(7+5)+0.5]= 

- 0 . 021sv+1.01 
28 MSS (4+5+6+7)/4 = 2.277sv+7.277 
29 MSS 5 = 0 . 063ts = 11.04 
30 MSS 7 - 5 = -0. 015ts+19 . 557 
31 MSS 7-5/7+5 = 0 . 002ts+0 . 454 
32 MSS 7/5 = - 0.013ts+2.672 
33 MSS 6/4 = - 0.009ts+2 . 672 
34 MSS SQRT 7/5 = 0.004ts+1 . 654 
35 MSS SQRT((7 - 5/7+5)+0.5]= 

- 0.0001ts+0.927 
36 MSS 6 - 4/6+4 = - 0.002ts+0 . 44 
37 MSS SQRT((6 - 4/6+4)+0.5]= 

- 0 . 001ts+0.968 

r 

0.23 
0.33 
0 . 27 
0.28 
0.27 

0.79 
0.44 
0.38 
0 . 52 
0.47 
0.49 
0.52 

0.43 
0 . 50 
0 . 45 
0 . 40 
0.43 
0.45 

0 .48 
0.47 
0 . 31 
0.35 
0 . 29 
0.28 
0.41 
0.29 
0.28 

0.39 
0.31 
0 .41 
0.47 
0.45 
0 .3 9 
0 .45 
0.47 

0 . 37 
0. 36 

p 

0 . 0001 
0.0001 
0 . 0001 
0 . 0001 
0.0001 

0 . 0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 

0 . 0001 
0 . 0001 
0 . 0001 
0.0001 
0.0001 
0.0001 

0.0001 
0 .000 1 
0 . 0001 
0.0001 
0.0001 
0.0001 
0.0001 
0 .0001 
0.0001 

0 . 0001 
0 .0001 
0 . 0001 
0 . 0001 
0.0001 
0.0001 
0 . 0001 
0 . 0001 

0 . 0001 
0.0001 

where: qv 
d 
s 

= green vegetation cover cover g = gravel 
= dead wood sv = Munsell soil value 
= sand ts = total soil 
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Figure 6.1 Regression lines obtained from discrete 
vegetation and soil radiomete r res ults showing separate 
trends within HSS 6 and MSS 4 data for King River. 
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Figure 6.2 Regression lines obtained f r om discrete 
ve get a t ion and s oil rad iometer resu lts s howing separate 
t rends within MSS 7 and MSS 5 data fo r Ki ng Rive r . 
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Figure 6 . 3 Reflectance c urves from radiometer data of 
fourteen domi nant soils in King River against MSS 
bands. 
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lowest reflectance values were lateritic gravel and sand . There 

was too much overlap of data for the majority of the soils to be 

discerned. These same data are depicted in smaller sets in 

Figures 6.4, 6 . 5a and 6.5b. Figure 6.4 shows that t he 

reflectance curves and percentage reflectances for SYR 6/3 sand, 

SYR 4/1 sand, SYR 7/3 sand, SYR 5/8 sand, SYR 5/4 gravel+sand and 

SYR 5/6 sand were all similar. The reflectances fo r SYR 6/ 3 sand 

and SYR 4/1 sand were higher and spectrally separate except at 

MSS 7 where they converged . Figure 6 . Sa and 6 . Sb show that 

lateritic gravel a nd gravel had low r eflect ances in all MSS bands 

In general lateritic gravels and g ravels had a lower reflectance 

than most of the sands . 

6.3.3 Green vegetation reflectance against soil 

To obtain typical reflectance curves for the region , radiometer 

readings were taken using green leaves from dominant vegetation 

types at each study site . Reflectance curves of varying 

proportions of green plant cover (plant cover classes) and the i r 

soil background, as seen in the IFOV of the radiometer, were 

plotted on all MSS bands . Petalostigma so . was spectr ally 

separable from SYR 5/3 silty sand on all MSS bands although 

d i fferent plant cover classes were not clearly spectrally 

separable (Figur e 6.6a) . In all bands the presence of 

Petalostiqma so . r esulted in a lower reflectance than that of 

100% soil. Darkening h ad therefore occurred. Similarly, 

Buchanania obovata a t 20%, 50% and 80% foliage projective against 

. SYR 5/3 .grave l also resulted in reflectance values lower than 

that of 100% soil (Figure 6. 6b) . The g ravel was spectrally 

separable from Buchanania obovata on all MSS bands, but spectral 

separability of plant cover classes was only achieved i n MSS 5 

and MSS 6 . 

The spectral reflectance curves for different cover 

classes of Eucalyptus oruinosa (Figure 6 . 7a) agai nst 10YR 6/4 

sand were spectrally similar, but were separable from sand 

background on all MSS bands, and i n all cases resulted i n 

reflectance values lower than that of 100% soil (Figure 6.7a) · 

Darkening was ther efore evident . A similar result was obtained 

for Grevillea decurrens agains t a background of SYR 5/3 silty 

sand, ( Figure 6 . 7b ) . Plectrachne so. against 7 . 5 YR 8/4 s and 

showed spec tra l separabil i ty from the sand background o n all MSS 
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b ands a nd in all cases r esulted i n darkening (Figure 6.8a) . 

Calytrix achaeta against a mixture of 5YR 6/6 sand + 2 . 5YR 4/ 4 

g r avel {as it occurred i n the field) showed no clear spectral 

separability at different covers {Figure 6 .8b) . On MSS 4, 20% 

a nd 40% C. achaeta resulted in a lower reflec tance than that of 

1 00% soil as did 60% , 40% and 20 % plant cover in MSS 5 and MSS 7 . 

At MSS 7 all plant cover classes had the same reflectance and 

darkening of the soil resulted . Young Eucalyptus so . aga i nst 5YR 

5/3 silty sand showed spectral separabi l ity best at MSS 7 {Figure 

6 . 9a) . At MSS 4, MSS 5 and MSS 7 all res ulted in a lower 

reflect ance than 100% soil but on MSS 6 only 25% plant cover 

showed the same effect. Oxidised sands tone as the background for 

young Eucalyptus so . , showed spectral separability on MSS 7 

{Figure 6.9b) . On MSS 5 the reflectance values were lower than 

t hat of 100% sandstone but on MSS 6 and MSS 7 all plant cover 

classes resulted in reflectance values higher than that of 100% 

sandstone . Partial darkening resulted in both cases . 

Figure 6 .lOa shows varying proportions of Terminalia 

grandifolia against 5YR 4/4 sand. Spectral separability was not 

shown o n any MSS band and the reflecta nce curves of 20%, 40% and 

60% T . grandifolia and the soil background were very similar. 

Eucalyptus latifolia, showe d little s pectral separability 

a ltho ug h o n MSS 4 and MSS 5, the reflectance of 60% was lower 

tha n 100% soil {7.5YR 5/6 mixture of silt+gravel) while on MSS 7 

a l l plan t cover classes resulted in refl ectances higher than that 

o f 1001; . soil resulting in partial darkening (Figure 6. lOb) . 

Terminalia ferdinandiaha against 7 . 5YR 8/4 sand showed some 

darken ing on MSS 4 and MSS 5 with all plant cover classes but in 

MSS 7 the reflectance was higher than that of 100% sand ( Figure 

6 . lla) . Darkening occurred on MSS 4 and MSS 5 for Petalostiqma 

s p . agains t 5YR 5/4 gravel . At MSS 6 the reflectances of soil 

and pla nt converged while on MSS 7 for 20% plant cover, the 

refl e c t a nce was higher than that of 100% gravel (Figure 6 . llb). 

Erythrophleum chlorostachys against 5YR 5/6 silt showed spectral 

sepa r a b ilit y on MSS 6 and MSS 7 where at 20% plant cover the 

reflecta nce was less than that of 100% silt . At 40% and 60% 

pla nt cover the reflectance was greater than that of 100% silt 

( F igur e 6. 12a) . On MSS 4 the soil was darkened at all plant 

cover classes while on MSS 5 the reflectances were all very 
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Figure 6.8a Reflectance curves showing percentage 
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Figure 6.9a Reflectance cu rves s howing percentage 
increments of Young Eucalyptus . SP - against 5YR 5/3 
silty sand using radiometer data. 

60 

55 

so 
• 45 () 

0 2.5YR 5/6 OXIdised S. c: .. ., 40 0 807. Young E. SP. () 

• r;: 35 tl 607-Young E. sp. • 1.. 
<> 407. Young E. sp. - 30 c: • + 20~ Young E. sp. () 

25 1.. • oxidi sed s. = oxidised ~ 

20 sandstone 

15 E. sp • Eucalyptus SP, 

10 
4 5 6 7 

MSS BAND 
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similar. Partial darkening resulted in the three plants. 

Terrninalia grandifolia against 2 . 5YR 4/4 gravel showed spectral 

separability on MSS 7 . All plant cover classes had a greater 

reflect ance than that of 100% gravel (Figure 6.12b). on MSS 6, 

only 60% plant cover had a greater reflectance than that of 100% 

gravel. At MSS 4 and MSS 5 all reflectances were similar . 

Acacia dimidiata against 7.5YR 6/0 sand showed spectral 

separability best on MSS 6, where increasing proportions of plant 

cover resulted in higher reflectances than that of 100% sand 

(Figure 6 . 13a) . On MSS 7 results were similar , e xcept at 60% and 

40% plant cover where the reflectances were the same. Terminalia 

SQ. against 5YR 5/4 sand+gravel showed darkening of the soil on 

MSS 4 at 20% and 40 % plant cover, at all plant cover classes on 

MSS 5 and at 20% plant cover on MSS 6 (Figure 6. 13b) . Vitex 

g l abrata against 5YR 5/4 sand+gravel showed darkening on MSS 4, 

MSS 5 and MSS 7 at all proportions of plant cover, but on MSS 6 

no darkening was evident (Figure 6 .14a). Planchonia careya 

showed spectral separability and darkening on MSS 4 and MSS 5 at 

all proportions of plant cover (Figure 6.14b) . Partial darkening 

resulted in the three plants. 

Increasing proportions of Croton sp. against 2 . 5YR 4/4 

did not show complete spectral separability (Figure 6 . 15a). The 

reflectances for soil and plant were very similar on MSS 4 and 

MSS 5 but on MSS 6, 100%, 75% and 50% plant cover r esulted in 

reflectances greater than that of 100% gravel, as did all 

p roportions of plant cover on MSS 7. Eucalyptus tetr_odonta 

against the same soil background ( 2 . 5YR 4/4 gravel) showed 

spectr al separability on MSS 6 and MSS 7 where all proportions of 

plant cover resulted in reflectances greater than that of 100% 

gravel (Figure 6.15b). Similar results were obtained for 

increasing proportions of Ampelocissus acetosa against 2 . 5YR 4/4 

gravel (Figure 6 . 16a) and Eucalyptus tetrodonta against 2.5YR 4/4 

lateritic gravel (Figure 6 . 16b) . Grevillea pyramidal is also 

aga i nst 2.5YR 4/4 gravel, showed spectral separability on MSS 6 

a nd 7 . On all bands the reflectance was greater than that of 

1 00% gravel (Figure 6.17a) . A similar result was obtained for 

Acacia oncinocarpa against 7.5YR 8/4 sand where spectral 

separability was shown on MSS 5 and MSS 7 . All plant cover 

classes resulted in higher reflectances than that of 100% sand 
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Figure 6.14a Reflectance curves showing percentage 
increments of Vitex glabrata against SYR 5/4 sand and 
gravel using radiome ter data. 
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Figure 6 . 15b Reflectance c urves s howing percentage 
increments of Eucalyptus tetrodonta against 2 . 5YR 4/4 
gravel usi ng radiometer data. 
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{Figure 6.17b). Since this was frequently more pronounced in 

the NIR wavebands the above plant species were regarded as being 

highly NIR reflective. 

Eucalyptus tectifica against 7. 5YR 6/6 sand showed 

spectral separability on MSS 6 with partial darkening (Figure 

6.18a). Terminalia pterocarya over 5YR 5/8 sand, showed very 

similar reflectances at all plant cover classes (Figure 6.18b). 

Results showed a high degree of diversity in reflectances 

among different plant species with no particular pattern 

resulting with respect to increasing green cover. The plant 

assemblages were broadly categorised into three major types. 

Type 1 caused darkening of the soil in all MSS bands irrespective 

of plant cover. In Type 1 plants the presence of green cover 

resulted in reflectances less than that of 100% soil . Type 2 

caused darkening only in certain MSS bands at certain cover 

classes. Type 3 caused no evident darkening but rather had a 

lightening effect o n the soil in all MSS bands but particularly 

in the NIR. Type 3 were referred to as highly NIR reflective 

species. Reflectance curves for the same plant species against 

varying soil backgrounds resulted in different curves. This 

suggested that darkening or non-darkening was not species 

dependent but resulted from the interaction of combined 

vegetation and soil spectra . Table 6 . 5 shows a summary of 

results. 

6.3.4 Green vegetation reflectance against dead grass 

· Brakke et al. ( 1989) showed that at senescence the 

breakdown of chlorophyll pigments unmasked yellow and orange 

carotene and red anthocyanin pigments causing the leaf to change 

from green to yellow. The electromagnetic energy absorbed by the 

leaf decreased while scattering increased. Both reflectance and 

transmission were enhanced. The spectral characteristics of dead 

grass were therefore quite different from those of green healthy 

vegetation. Dead grass, in particular spear grass (Sorghum 

§2R., Plate 3.1), featured as an important background component 

in the study sites (Appendix II) . Varying proportions of dead 

grass were plotted against 7.5YR 8/8 sand (Figure 6.19). The 

reflectance for 100% sand was higher than any proportion of dead 

grass, indicating darkening of the soil . Spectral separability 

was obtained on MSS 6 and MSS 7 for all cover classes of dead 
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TABLE 6.5 Green plants categorised i nto three types according 
to their effects on soil backgrounds - King River 

Type 1 
Darkening evident 

1.G. decurrens+ 
5YR 5/3 silty 
sand 

2.E. pruinosa+ 
lOYR 6/4 s and 

3.8. obovata+ 
5YR 5/3 gravel 

4.Petalostigma ~P
+5YR 5/3 silty 
sand 

5.Young Eucalyptus 
§..0..+ 5YR 5/3 
silty sand 

6.Plectrachne SR. 
+7.5YR 8/4 sand 

7. 

8 . 

9. 

10 . 

Type 2 
Partial darkening 

C. achaeta.+ 
5YR 6/6+2.5YR 4/4 
sand+gravel 
E. chlorostachys+ 
5YR 5/6 silt 
Petalostigma sp.+ 
5YR 5/4 gravel 
E. la ti folia+ 
7.5YR 5/6 silt+ 
gravel 
T. ferdinandiana+ 
7.5YR 8/4 sand 

P. careya+ 
7.5YR 8/4 sand 
Young Eucalyptus 
sp.+2.5YR 5/6 
oxidised sandstone 
Terminalia sp.+ 
5YR 5/4 sand+ 
gravel 
Vitex glabrata+ 
5YR 5/4 sand+ 
gravel 

Type 3 
Highly reflective 
in NIR 

T. grandifolia+ 
5YR 4/4 sand 

T. pterocarya+ 
5YR 5/8 sand 
T. grandifolia+ 
2.5YR 4/4 gravel 
A. dimidiata+ 
7.5YR 6/0 sand 

Croton sp.+ 
2.5YR 4/4 gravel 

E. tetrodonta+ 
2.5YR 4/4 gravel 
A. acetosa+ 
2.5YR 4/4 gravel 

A. oncinocarpa+ 
7.5YR 8/4 sand 

G. pyramidalis+ 
2.5YR 4/4 gravel 

E. tectifica+ 
7.5YR 6/6 sand 
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grass. 

Graphs were drawn for dominant plants against a 

background of dead grass . Different proportions of Erythrophleum 

chlorostachys against dead grass showed that on MSS 6 and MSS 7 

all proportions of plant cover resulted in reflectances higher 

than that of 100% dead grass (Figure 6.20a) . This was partial 

darkening. 

urnbellatum 

More diagnostic results were shown for Cathormiom 

(Figure 6.20b), Lysiphyllum cunninghamii (Figure 

6.21a), Terrninalia grandiflora (Figure 6 .21b), Acacia bidwillii 

(Figure 6 . 22a), Eucalyptus tetrodonta (Figure 6 . 22b), Eucalyptus 

setosa (Figure 6. 2 3a) , Planchonia carey a (Figure 6. 2 3b) and 

Eucalyptus latifolia (Figure 6.24a) . In these cases increments 

of plant projective foliage over dead grass resulted in some 

minor increases in reflectance in the visible bands but also 

increased reflectance in the NIR . 

The presence of Croton arnhemicus at 25% plant had the effect 

of lowering the reflectance of 100% dead grass while 50%, 75% and 

90% plant cover increased the reflectance of 100% dead grass in 

both NIR bands (Figure 6.24b) . All reflectances were similar on 

MSS 4 and MSS 5 (visible). On MSS 7, all proportions of 

Cochlosperrnum fraseri showed higher reflectances than 100% dead 

grass while on MSS 5, 40% and 60% plant cover showed darkening 

(Figure 6 . 25a). On MSS 4 and MSS 5, for Ampelocissus acetosa , 

all reflectances were similar to that of 100% dead grass. On MSS 

6, 80% plant cover had a higher reflectance than 100% dead grass, 

60% plant cover was the same reflectance as dead grass while 40% 

and 20% plant cover showed darkening (Figure 6. 25b) . Grewia 

retusifolia showed no general trend in the visible but showed 

l ightening 1n the NIR (Figure 6 . 26a) . The interact ive 

r eflectance of green leaves over senesced grass partially 

decreased the combined spectra to a minor extent in visible 

wavebands, and increased the combined spectra in the NIR. 

6.3.5 Green vegetation reflectance against plant litter 

Radiometer readings were taken using plant litter as a 

background component. Eucalyptus lati folia against 100% litter 

showed spectral separability on MSS 6 and MSS 7 and all plant 

cover classes showed a higher reflectance than the background 

component (Figure 6.26b). Reflectances on MSS 4 and MSS 5 were 

similar. Eucalyptus tetrodonta against sand+litter, showed 
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Figure 6.2la Reflectance curves showing percentage 
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grass using radiometer data. 
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Figure 6.22a Reflectance curves showing perc entage 
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radiometer data. 
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Figure 6.23a Reflectance curves showing percentage 
increments of Eucalyptus setosa against dead grass 
using radiometer data. 
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using radiometer data . 
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Figure 6.24a Reflectance curves showing percentage 
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using radiometer data . 
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Figure 6.25a Reflectance c urves showing percentage 
i ncrements of Cochlosoermum fraseri against dead grass 
using radiometer data. 
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using radiometer data. 
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Figure 6.26a Reflectance curves showi ng percentage 
increments of Grewia retusifolia a gainst dead grass and 
sand using radiometer data. 
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Figure 6 . 26b Reflectance c u rves showing percentage 
increments of Eucalvotus la tifolia agai nst litter 
using radiometer data. 
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spectral separability on MSS 6 (Figure 6.27a). on MSS 6 and MSS 

7 reflectance of the background component was less than when ~ 

tetrodonta was present . Eucalyptus lat ifolia showed spectral 

separability on MSS 6 and MSS 7 (Figure 6 .27b). On MSS 4 all 

reflectances were similar . On MSS 5 the plant showed a lower 

reflectance than the background component. Infrared channels 

showed plant cover classes increased the reflectance above that 

of 100% background, except on MSS 7 for 20 % cover Bossiaea 

bossiaeoides against litter and dead grass showed spectral 

separability on MSS 7, where 60% and 40% plant cover raised the 

reflectance above that of the background (litter+dead grass) and 

20% plant coverlowered the reflectance below that of the 

background (Figure 6.28). 

Generally the effect of litter as a background component was 

similar to senesced grass. Some minor darkening was apparent in 

the visible wavebands but mostly increases in reflectance were 

evident in the NIR. While green projective foliage darkened or 

partially darkened different soil backgrounds the presence of 

dense litter or senesced grass appeared to result in the increase 

of combined spectra in the NIR for specific species. 

6.3.6 Spectral separation of v egetation and soil background 

Scatterplots were produced of the percentage reflectances 

of all plant species and soils recorded in the field, for MSS 4 

on MSS 6 and MSS 5 on MSS 7. These data sets were the least 

correlated as they embodied relationships between NIR and visible 

bands. . ·Using the . percent reflectance data from radiometer 

results, each soil and plant spe cies was identified. Groups of 

similar plant species or soils were identified as clusters 

(Figure 6.29 and Figure 6.30). Clusters included groups of 

plants of the same genus, or more than one genus, or groups of 

soils, but were not all inclusive. For MSS 4 against MSS 6, ten 

clusters were identified although many soils and plants did not 

form groups (Figure 6.29). The approximate limits of reflectance 

for the clusters are shown on Table 6 . 6. From the clusters 

evident in Table 6.6, burnt vegetation over burnt soil showed low 

reflectance on MSS 4 and MSS 6 . Terminalia spp. and some soils 

conversely reflected highly in both bands while the Eucalyptus 

spp. that showed clustering reflected highly on MSS 6 (infrared) 

and much less on MSS 4 (visible) . 
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Where: 

1 = burnt vegetation+soil 
2 = Eucal~Qtus s pp. 
3 = Eucal~Qtus s pp . 
4 = Eucal~Qtus sop . 
5 = Eucal~Qtus S OP.. 
6 = Acacia s oo. 
7 = Er~throQhleum chlorostach~s 
8 = soi l 
9 = Planchonia obovata 

10 = Te rminalia SOD . 

Figure 6.29 Location of s pecific vegetation and s oil 
cluster s from known points using radiometer data on 
MSS 6 and MSS 4 fo r King River. 
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Figure 6.30 Location of specific vegetation and soil 
clusters from known poi nts usi ng radiometer data on 
MSS 7 and MSS 5 for King River. 
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Table 6.6 The approximate reflectance limits of plant species 
plants of the same genus and soils which formed c lusters on MSS 
4 against MSS 6 - King River 

Cluster feature %reflectance %reflectance 
limits MSS 4 limits MSS 6 

1 burnt vegetation 1- 5 3 - 7.5 
+soil 

2 EucalyQtUs SOP . 6-10 23-27 
3 EucalyQtus .?PR· 7.5 - 11 28-34 
4 EucalyQtus .?P.P.· 11.5-17.5 35-48 
5 EucalyQtus spp_. 12 - 14 28-30 
6 Acacia SOP. 13 - 16 22 - 27 
7 ErythroQnleum 15- 17 28-35 

chlorostachys 
8 Soils 20 - 23 23-29 
9 Planchonia obovata 19 - 25 36-39 

10 Terrninalia spp. 23 -2 5 38- 42 

Thirteen clust ers were evident when MSS 5 was plotted 

against MSS 7 although many plants and soils did not form groups 

(Figure 6. 30} . The approximate reflectance limits for the 

clusters are s hown on Table 6 . 7 . The only soil type to separate 

out individually was laterite with a l ow reflectance on MSS 4 

(7 . 5 - 10%) and MSS 6 (7 - 13%). The soils in cluster 10 showed a 

high r eflectance in both MSS bands while clust er 6 soils showed 

a ~hi~h reflectance on MSS 7 (21 -2 9%) and a significantly lower 

(21- 29%) and a significantly lower reflectance on MSS 5 (12.5-

17 . 5%). Acacia spp. showed a low reflectance (8 - 10%) on MSS 5 

and a much higher reflectance (40-45%) on MSS 7 while Grevillea 

spp. showed a fairly low reflectance on MSS 5 (14 -16%) and a much 

higher reflectance on MSS 7 (55 - 57%). Three more clusters were 

identified for MSS 5 on MSS 7 than for MSS 4 on MSS 6 . This 

could be related to data covering a greater reflectance range . 

In neither case was there a t otal separation of vegetation and 

soil. Although 4 clusters of soil were found for MSS 5 on MSS 7 

only 1 soil c l uster was evident for MSS 4 on MSS 6 . It seemed 

that more information was contained for MSS 5 on MSS 7 with 

regard to isolation of similar vegetation types and soils. This 

informatio n was useful for image processing, particularly with 
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respect to the development and interpretation of clusters in 

image c lassification . 

Table 6. 7 The approximate reflectance 1 imi ts of plant 
species, plants of the same genus and soils which formed clusters 
on MSS 5 against MSS 7 - King River 

Cluster feature %reflectance %reflectance 
limits MSS 5 limits MSS 7 

1 burnt vegetation 2.5-6 3-13 
+soil 

2 dead grass 2- 5 14-18 
3 Eucaly:Qtus SPP. . + 3.5- 12 20-34 

Acacia soo . 
4 Acacia SQQ. 8 - 10 40-45 
5 Eucaly:Qtus spo . 10-15 37 - 51 
6 soils 12 . 5- 17 . 5 21-29 
7 Eucaly:Qtus spp . 16-20 32-58 
8 Eucaly:Qtus soo . 22 - 27 32-44 
9 soils 21 - 24 27-31 

10 soils 28-33 . 5 34 -4 6 
11 Terminalia spp . 29 - 32 51-55 
1 2 laterite 7 . 5- 10 7-13 
13 Grevillea s_pp. 14-16 55 - 57 

6.4 RESULTS - STUDY REGION 2, BARKLY 

6. 4.1 General statis tics, inter-band correlations and 

soil/vegetation separation 

Analyses of radiometer results, similar to that for King River 

(Sect ion 6 . 2 .1) , were carried out for Barkly. Statistics of 

percentage reflectance for MSS bands are shown on Table 6.8. The 

v isib le bands had the lowest mean reflectances while the infrared 

bands had the highest . Variance- mean ratio showed that the least 

data variance was in MSS 4 and the greatest variance was in MSS 

6. 

Percentage reflectance for band transforms were 

calculated from single bands in the same way as for King River 

(Section 6 . 2.1}. Analysis of variance of regression was carried 

out on a l l single bands and band transforms in the same way as 

produced for all single bands and band transforms (Table 6 . 9) . 
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TABLE 6.8 Summary statistics for MSS bands - Barkly 

MSS Band Mean Std . error n Min Max VMR 

1 4 8.48 0.27 103 2.31 20.79 0.91 
2 5 14 . 06 0.58 103 1. 23 27.89 2.50 
3 6 18 . 00 0.77 103 3 . 86 48 . 76 3.36 
4 7 25 . 50 0.70 103 6.94 58.91 2.00 

where: n = sample Sl.Ze 
VMR = variance-mean ratio 

for King River (Section 6.2 . 1) . A correlation matrix was Out of 

a possible 256 correlations, 144 obtained a probability of 

<0 . 0001 . Transform MSS 7-5 contained most data with 12 out of a 

possible 15 correlations having a probability of <0.0001. 

MSS 7 - 5 correlated with all transforms except MSS 7+5 and MSS 6 

and MSS 7. MSS 6+4 and MSS 4+5+6+7/4 correlated with 11 other 

bands and transforms. MSS 4, MSS 5 and MSS 6 and the transform 

MSS 6/4 correl ated with 10 other bands and transforms. Least 

information appeared to be contained in transforms MSS 7/ 5 and 

MSS SQRT 7/5, each only correlating with 4 others. The least 

suitable ratios for separating out soil and vegetation were 

p r obably transforms MSS 7/ 5 and MSS SQRT 7/ 5 and the most useful 

was MSS 7 - 5. Considerable d~ta redundancy was also evident in 

Barkly du e to extensive data overlap. 

Linear regressions were used on the data to establish 

r elationships between the independent variables (the MSS bands 

and the i r vegetation index derivatives), and the dependent 

variab l es in the landscape (vegetation cover, dead wood, plant 

l itter, soils, Munsell value , Munsell chroma and 100% shade), in 

t he same way as for King River (Section 6.2.1). Results are 

s hown on Table 6 . 10 . Band transform MSS 7- 5 (r=0 . 44, p= <0.0001) 

probably contained the most useful information for predicting 

green vegetation. The most predictive data for sand, total soil, 

Munsell soil value and 100% shade are shown on Table 6 . 11. 

Little predictive information about dead wood, plant litter, 

calcret e and Munsell chroma was found. Since MSS 7 - 5 appeared to 
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Table 6.9 Correlation mat r ix showing interrelationships between 
MSS bands and interband transforms obtained from radiometer data 
for Barkly. 

MSS 4 MSS 5 MSS 6 MSS 7 MSS 7-5 MSS7+5 MSS 7-
I 
.719" I 

.26 .46 " 1 

.455" .607 . .807 . I 

- .17 - .27 .5 15" .602 " I 
. 641 . .875 • .724 . .916° .23 
-.53 1" -.779 . .02 -.032 .744. 

-.304 -.517" .034 -.0 II . 505 . 

-.438 . - .116 .671 " .337 . 524 . 

- .099 .21 .935 . . 664. .594 . 

.538 . .625 . . 954. . 846 • . 397 • 

- .436" -.067 .682 . . 347 .487 • 

- .531 -.779" .02 -.032 . 744 . 

- .304 . -.s tr .034 -.011 . 505. 

-.436 . -.067 . 682 . .347 .487 . 

.372 . . 558 . . 955 . .946 • .586 . 

Whe r e : 

MSS 6 - 4._ = MSS 6 - 4/6+4 
SQRT 7/5 = MSS SQRT 7/5 

I 
-.4 I 3 • I 

-.268 .746 • 

.146 .43 • 

.5 I 1 • .2 15 

.83 I • -. 148 

.177 .37 . 

-.413 1 

-.268 .746 " 

' 177 .37 . 

.858 . -.005 

SQRT 6- .. = MSS SQRT [(6 - 4/6+4)+0.5] 
MSS 7 - 5/ .. = MSS 7 - 5 /7+5 
SORT 7 = .. = MSS SQRT ((7- 5/7+5)+0.5) 
MSS 4+5 .. = MSS ( 4+5+6+7)/4 

. = s ignificant at p= <O. OOO l level 

MSS 7/5 

1 MSS 6/4 MSS 6-4 MSS 6+4 MSS 6-
.315 I 

' 146 .852 • 1 

-.065 .449 . .785 • I 

.256 . 945 " . 863 • .46 • 1 

.746 . .43 • .215 -.1 48 .37 

I .3 15 • ' 146 - .065 .256" 

.256 . 945 . . 863 • .46 • 1 

.013 . 537 " .847 • .949 ° . 549 • 

SORT 7- SORT 7/5 SORT 6- . MSS 4+ . 

I 
.746" 1 

.37 .256 • 1 

-.005 .013 .549 • I 
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Table 6.10 Correlat ion c o - effic ients from interrelations hips 
between MSS bands/ interba nd trans forms and sJrface r e f lec t a nc e 
c omponents using radiomete r da ta for Barkly. 

MSS Uegetotlon Deed Litter Send tolcrete Total soli Soli uolue Soli chromo Shade 

MSS 4 .13 .07 .01 .28 .OS AS• .'13· .34 .so• 
MSS 5 .17 .14 .02 .43• .23 .54• .26 .24 .3'1 
MSS 6 .07 .59 .16 .15 .23 .13 .10 .02 .32 
MSS7 .21 .42 .16 .18 .48 .. 23 .07 .11 .'13 
MSS 7- 5 .44• .49 019 .22 .20 .27 018 .11 .21 
MSS 7•5 .0'1 .29 .09 .33 .40 .41• 017 .19 .42 
MSS 7- 5/7•5 .31 .24 .05 .41• .05 .49• 019 .16 .03 
MSS 7/ 5 .22 .32 .13 .24 .02 .27 .03 .OS . 11 
MSS 6/ 4 .05 .75 .01 .07 .31 .15 .1'1 .12 .03 
MSS 6- 4 .04 .78 .17 .06 .23 .01 .0'1 .13 .15 
MSS 6+4 .10 .37 .14 .21 .14 .25 .21 .08 .42 
MSS 6- 4/ 6•4 .02 .79 .01 .07 .26 .1S 012 .15 .03 
MSS SQRT 7/ 5 .22 .32 013 .24 .02 .27 .03 .05 .01 
MSS SORT [(7-5/7•5)• 0.5) .31 .24 .05 .49• .05 .41• .19 016 .03 
MSS SORT 1(6- 4/ 6•4)+0.5) .02 .79 .01 .07 .26 .15 .12 .15 .03 
MSS (4•5•6• 7) .14 .53 .16 .17 .42 .19 .09 .05 .39 

* = s ignificant at p =< O.OOOl 
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be the most effective predictive band transform for separating 

vegetation from soil this transform was referred to during image 

processing. Linear regressions were calculated for two separate 

data sets, green vegetation cover and soil. MSS 4 on MSS 6 for 

green cover and soil are shown on Figure 6.31a. Some separation 

of vegetation and soil was apparent with vegetation components 

TABLE 6.11 Regression equations for single bands and i nterband 
transforms against surface reflectance components using 
radiometer data for Barkly. 

Regression equation r p 

1 MSS 7-5 = 0.091gv+7.886 0 .4 4 0 . 0001 
2 MSS 5 = 0.083s+10.977 0.43 0.0001 
3 MSS 7-5/7+5 = -0.002s+0.39 5 0.41 0.0001 

+0.395 
4 MSS SQRT[(7-5/7+5)+0 . 5] = 0 .49 0.0001 

- 0.002s+0.895 
5 MSS 4 = 0.350ts+6.863 0 .45 0.0001 
6 MSS 5 = 0.096ts+10.069 0 . 54 0.0001 
7 MSS 7-5/7+5 = -0.002 ts+0 .413 0 . 49 0 . 0001 
8 MSS 7+5 = 0.146ts+33.585 0.41 0.0001 
9 MSS SQRT[(7-5/7+5)+0.5]= 0.49 0 . 0001 

- 0 .002ts+0 . 913 
10 MSS 4 = 1 . 908sv- 0 . 61 0 .4 3 0.0001 
11 MSS 4 = - 0 . 071sh+9.579 0 . 50 0 . 0002 

where: gv = green vegetation cover ts = total soil 
s = sand s h = 100% shade 

vegetation and soil was apparent with vegetation components 

occupying the highest reflectance values in both bands. A cross

over occurred at 10% reflectance in MSS 6 and 3% reflectance in 

MSS 4, beyond which only soil values were found. The regression 

equations for soil and vegetation were: 

MSS 6 = 0.781 MSS 4 soil+7 . 893 (r=0 . 43, p=O.Ol21) and 

MSS 6 = 1.785 MSS 4 green cover+4.855 (r=0 . 43, p=0.0002) . 

Although the soil curve had a poor correlation the 

vegetation curve was significant at p=O. 0002 . Regressions 

calculated for MSS 5 on MSS 7 for green vegetation cover and soil 

are shown on Figure 6.31b. Despite soil generally having a lower 

reflectance than green cover on MSS 5 and MSS 7, there was no 

evidence of soil and vegetation data separating out (Figure · 
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6.3lb) . The regression equations were: 

MSS 7 = 0.854 MSS 5 green vegetation cover {r=0 . 61, p=<0.0001) 

and 

MSS 7 = 0.984 MSS 5 soil+7.513 (r=0.89, p=<0.0001) with both 

having reasonably good correlations . This suggested, while most 

information for separating soil and vegetation cover occurred on 

MSS 5 and MSS 7 considerable inseparability was found . 

6.4.2 Soil reflectance 

The dominant soils in Region 2 were plotted against each other 

(Figure 6. 3 2) . MSS 7 data resulted in the least spectra 1 

separability between the soil types while MSS 5 and MSS 6 data 

resulted in the greatest. Most soils observed the same general 

trend of a lower reflectance on MSS 4 than on MSS 5, a decrease 

on MSS 6 and a rise on MSS 7. When 2 .5YR and 2.5Y soils were 

grouped t ogether 2. 5YR 5/6 sand showed the highest overall 

reflectance while 2. 5YR 4/6 sand showed the lowest (Figure 

6.33a). Spectral separability was shown on MSS 5, MSS 6 and MSS 

7. Spectral separability of the 5YR soils was shown on all bands 

except MSS 4 (Figure 6.33b}. 

6.4.3 Green vegetation reflectance against soi l 

Reflectance curves of varying proportions of green vegetation 

and their soil background were plotted for MSS bands. Ventilago 

viminalis against 2.5YR 5/6 sand showed spectral separability at 

30% plant cover (Figure 6 .34a). The curves fo r 40% and 60% plant 

cover were very similar to the soil curve, particularly on MSS 5, 

MSS 6 and MSS 7. Darkening was evident at 30% plant cover. 

Eucalyptus papuana against the same 2 . 5YR 5/6 sand background 

showed slight darkening on MSS 5 (Figure 6.34b). In the infrared 

bands all plant cover classes showed reflectances higher than 

that of 100% sand. On MSS 6 and MSS 7, 95% Eucalyptus papuana 

showed higher reflectances than other plant cover classes and 

soil. The reflectances for 50% and 75% cover were very similar 

on all MSS bands . Plectrachne pungens against the same 2.5YR 5/6 

sand background showed spectral separability on MSS 7 with 

darkening occurring at all percentages of plant cover on MSS 5 

and MSS 7 and at 50% and 100% plant cover on MSS 6 (Figure 

6.35a). 

Acacia lysiphloia against SYR 5/6 sand did not show spectral 

separability on any MSS bands. Soil separated out clearly o n MSS 
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Figure 6.34b Reflectance curves showing percentage 
increments of Eucalyp t us papuana against SYR 5/6 sand 
using rad i ometer data. 
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6 and MSS 7 and high NIR reflectance was evident (Figure 6.35b) . 

Slight darkening was evident on MSS 4 and MSS 5, in all plant 

cover classes, and on MSS 5 at 40%, 70% and 85% plant cover . 

Eucalyptus terminalis at 30%, 60% and 80% cover against 2. 5YR 5/6 

sand showed spectral separability on MSS 5 with darkening evident 

on MSS 4 and MSS 5 for all plant cover classes but only at 60% 

and 80% plant cover in infrared bands (Figure 6 . 36a). Cassia so . 

against 2 . 5YR 4/6 sand showed darkening on MSS 4, MSS 5 and MSS 

7 (Figure 6.36b ) . The reflectances were all similar on MSS 6. 

Spectral separability was shown in all plant cover classes on MSS 

5. Croton sp. showed darkening of 2 . 5YR 4/6 sand on all MSS bands 

(Figure 6.37a) as did Acacia coriacea over the same sand 

background (Figure 6 .37b) . 

Over a background of 5 YR 6/8 s and, Carissa lanceolata showed 

some darkening on MSS 4 but more darke ning on MSS 6 and MSS 7 

with increased reflectance on MSS 5 (Figure 6 . 38a). Darkening 

was apparent on MSS 5 at all proportions of Atalaya hemiglauca 

against 2.5YR 5/6 sand except at 75% cover and on infrared bands 

at 30% and 40% plant (Figure 6 . 38b) . Eremophila sp . against 

2.5YR 4/6 showed darkening in visible bands with some darkening 

and increased reflectance in the NIR (Figure 6.39a). 

Dead and dormant wood were importa nt in Barkly . When dead 

wood was plotted against 2.5YR 5/6 sand spectral separability was 

shown on all bands (Figure 6.39b) . on MSS 5 , MSS 6 and MSS 7, 

darkening was evident for all percentages of dead wood but only 

evident at 40% dead wood on MSS 4. Some darkening was evident 

for all plant species and dead wood except for Eucalyptus papuana 

against 5YR 5/6 sand and Acacia l ysiphloia against 5YR 5/6 s and . 

These showed relatively high NIR reflectance . Complete 

darkening was achieved in Croto n sp. against 2 . 5YR 4/6 sand, 

Acacia coriacea against 2. 5YR 4/6 sand, Ventilago viminalis 

against 2.5YR 5/6 sand, Plectrachne pungens against 2.5YR 5/6 

sand, Eucalyptus terminalis against 2.5YR 5/6 sand and Cassia sp. 

against 2.5YR 4/6 sand . 

6.4.4 Spectral separation of vegetation and s oil background 

Scatterplots were produced of the percentage reflectance for 

all plant species and soils that were recorded in the field. 

Every point was identified in the same way as for King River 

(Section 6.2 . 6). For MSS 4 on MSS 6 five clusters were 
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identified but in the centre of the scatterplot no groups formed 

(Figure 6 . 40). Table 6.12 shows the five clusters and their 

approximate reflectance limits . Acacia spo. showed the lowest 

reflectances in MSS 4 while the highest reflectances on MSS 4 

were from calcrete. Eucalyptus papuana and sand clusters showed 

the highest reflectances on MSS 6. 

TABLE 6.12 The approximate reflectance limits of plant species, 
plants of the same genus and soils on MSS 4 against MSS 6 -
Barkly 

1 
2 
3 
4 
5 

Cluster feature 

Acacia SPP.· 
Cassia spo. 
Eucalyptus papuana 
Sand 
Calcrete 

%reflectance 
limits MSS 4 

2-7 
4 . 2-6 . 4 

10 . 2-12.3 
9 . 2-13 

12 . 4-21 

%reflectance 
limits MSS 6 

3-10 
17-21 
42-48 
22 - 33 

8 - 25 

Seven clusters were identified for MSS 5 against MSS 7 but again 

a large number of points in the centre did not group (Figure 

6.41). The highest reflectances were on MSS 7 for Eucalyptus 

papuana while the highest on MSS 5 were for soils . Dead wood 

mostly showed the lowest r e flectances on MSS 7 while Acacia spp. 

and Cassia spo. showed the lowest reflectances on MSS 5 . Table 

6 . 13 shows the seven clusters and their approximate reflectance 

limits . Since more clusters were identified for MSS 5 on MSS 7 

than for MSS 4 on MSS 6, this was considered dur i ng image 

processing when attempting to separate green vegetation cover 

from soil. 

6.5 RESULTS - STUDY REGION 3 1 SIMPSON 

6.5 . 1 General statis t i cs, inter-ban d c orrelation s and 

soil/vegetation separation 

Analyses of Simpson radiometer results were carried i n the same 

way as for King River (Section 6 .2.1). Table 6 .14 shows a 

summar y of the statistics for the MSS bands. The mean percent 

r e f l e c t ance for MSS 7 was t he highest while MSS 4 was lowe~~· 

The variance-mean ratios showed that variance was least in MSS 4 
d ata and most in MSS 7 . 
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Figure 6.40 Location of specific soil and vegetation 
clusters from known points using radiometer data on MSS 
6 and MSS 4 for Barkly. 
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TABLE 6.13 The. approximate refle~tance limits of plant species, 
plants of the same genus and so1ls on MSS 5 against MSS 7 _ 
Barkly 

Cl uster feature %reflectance %reflectance 
limits MSS 5 limits MSS 7 

1 Dead 4- 14 19 - 27 
2 Acacic qpp. 2.5 - 6 12-17 
3 Cassia spp. 3- 4 19-28 
4 Plectrachne }2Ungens 13 - 15 25 - 28 
5 Soil 15-18 21.5-22 . 5 
6 Soil 18-28 23 - 36 
7 Eucaly}2tus }2a}2uana 18-20 34-59 

Table 6.14 Summary statistics for MSS bands - Simpson 

MSS Band Mean Std. error n Min Max VMR 

1 4 8 . 55 0.82 108 1. 03 13.51 0.65 
2 5 15.04 1. 45 108 1.15 28.77 2.78 
3 6 18 . 35 1. 77 108 2.91 32.65 3.38 
4 7 25 . 10 2.42 108 2.95 56.73 3.54 

where : n = sample size 
VMR = variance-mean ratio 

Linear regressions were calculated for percent reflectance 

values against all bands and transforms. A correlation matrix 

was calculated for all single bands and band ratios (Table 6.15) . 

Out of a possible 256 correlations, 14b resulted at the <0 . 0001 

probability level . MSS 5 contained the most data with 14 out of 

a possible 15 correlations at <0 . 0001 probability. MSS 5 

correlated with all other single bands and band transforms except 

for MSS 7 - 5. MSS 6 and MSS 7, band transforms MSS 7 - 5, MSS 7+5, 

MSS 6 -4 and MSS 6+4 all showed 11 correlations at the <0 . 0001 

probabi l ity level. Transforms MSS 7- 5/7+5, MSS 7/5, MSS SQRT 7/5 

a nd MSS SQRT((7-5/7+5)+0.5) appeared most useful for separating 

out vegetation from soil. 
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-.395 . - .631 ' 
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MSS 6 - .. . 
MSS 6 - 4 .. 
SQRT 7/ 5 
SQRT 7 - . . 
SQRT 6 - . . 
MSS 4+ ... 
MSS 4+5 .. 

Ta bl e 6.15 Cor relation mat r ix s h o wing in terrelationships b etween 
MSS bands and interband transforms o btained f rom radiometer data 
for Simpson . 

MSS 6 MSS 7 MSS 7-S HSS 7+S MSS 7- MSS 7/S 
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I 
.869 • I 
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.929 . .954. .492 " 1 
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- .278 - .09 .5 . -.332 .871" I MSS fi/4 MSS 6- 4 MSS 6+4 MSS 6- SORT 7/5 SORT 7 
.749 ' .591 " . 371 • .59 • .0 11 -.002 I 
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. 988 • .87 • .385 " .939 ' -.249 - .316 .647 . .923' I 
. 739 . .576 • .336 .586 • -.008 .001 . 962. .845 • .65 • I 
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= MSS SQR T 7/5 
:: MSS SQRT ((7 - 5/7+5)+0.5] 

= MSS SQRT ((6-4/6+4)+0.5] 
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= MSS ( 4+ 5+6+7)/4 

• = signi f icant at p =<O . OOOl 
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Linear regressions were used on the data to determine which 

single bands or transfroms were useful i n predicting green 

vegetation cover or soil, in the same way as for King River 

(Section 6. 2 .1) . Correlation co-efficients and probability 

values are shown on Table 6 . 16. Neither single bands nor 

transforms were well associated with green vegetation cover. The 

most predictive data for green vegetation cover were MSS SQRT((6-

4/6+4}+0.5] (r=0 .41, p=0.0013} and MSS 6-4/6+4 (r=0.39, 

p=0.0023}. Useful predictive data pertaining to 100% shade, sand 

and total soil are shown on Table 6.17. Little usefu l data were 

found for plant litter, silt, gravel, Munsell values, Munsell 

chroma values and dead herbaceous cover. 

In general, problems are often encountered when separating 

green vegetation cover from soil in arid regions (Pickup and 

Foran 1987}. Most results showed high correlations with soil and 

100% shade values. The present work demonstrated that to 

separate green vegetation cover from soil the most promising 

index was MSS SQRT[(6-4/6+4)+0.5]. 

When regressions were calculated for MSS 4 on MSS 6 for green 

vegetation cover and soil, both data sets were inseparable 

(Figure 6.42a}. The regression equations for soil and vegetation 

were: 

MSS 6 = 1.263 MSS 4 green vegetation cover+ 6.353 ( r=0. 37 , 

p= 0.0029} and MSS 6 = 2.535 MSS 4 soil -2. 328 (r=0.80, 

p=<0.0001}. 

Whereas soil and green vegetation cover generally occupied 

different parts of data space, as seen by the regression lines, 

soil and vegetation were inseparable due to data overlap in both 

MSS 5 on MSS 7 and MSS 4 on MSS 6. 

Regressions were calculated for MSS 5 on MSS 7 for soil and 

green vegetation cover (Figure 6 . 42b). Results showed soil and 

green cover were inseparable although green cover generally 

showed higher reflectance values in MSS 7 while soil tended to 

show higher reflectances in MSS 5 and MSS 7 . 

equations were: 

The regress ion 

MSS 7 = o. 938 MSS 5 green vegetation cover+ 11.562 (r=O. 67, 

p=<0.0001) and MSS 7 = 1.453 MSS 5 soil +1 . 045 (r=0.83, 

p=<0.0001). 
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Tab le 6 . 16 Co r relation co- efficients fr om i n t er re l ationsh i p s 
betwe e n MSS bands/ interba nd transforms and s urface reflec tance 
components u s ing radiometer data for Simpson . 

Ueget a tlon Dead Litter Sand Sli t Grauel To ta l soli Soli ualue Soli chroma 

MSS 4 .06 .38 .I I .29 .52 .51 .33 .01 .27 
MSS 5 .25 .76 .19 .55" .74 .54 .58" .05 . 16 
MSS 6 . I 9 .17 .21 .52 .75 .47 .5 1 .05 .24 
MSS7 .08 .85 .19 .52" .61 .47 .45 .05 .26 
MSS 7-5 012 .73 .05 .17 . :50 .20 .07 .02 .21 - - -
MSS 7+5 .16 .82 .21 .58 .71 .5 1 .55 .06 .24 
MSS 7- 5/7•5 .22 .11 .10 .11 .07 .12 .24 .04 .07 
MSS 7/ 5 .22 .04 .05 .18 . 1:5 .1 0 .28 .06 .06 
MSS 6/ 4 .2 9 .82 .23 .5 1 .58 .IS .49 .04 .1 0 
MSS 6- 4 .25 .85 .22 .55 .75 .43 .53 .06 .20 
MSS 6+ 4 .14 .71 .19 .4cf .72 .48 .49 .05 .25 
MSS 6-4/ 6+4 .39 .80 .27 .st .59 .14 .5 1 .01 .OS 
MSS SORT 7/ 5 .22 .04 .05 .18 .13 .10 .28 .06 .06 
MSS SORT 1!7 -S/7• 5)•0.5) .22 .II .10 .II .07 12.00 .2'1 .04 .07 -
MSS SORT ((6-4/ 6•4)•0.5) .41 .78 .27 .so .59 .13 .so' .02 .04 
MSS ('1•5•6•7)/4 .16 .78 .21 .52' .73 .5 1 .53 .05 .25 

* = s ignific ant at p=<O. OOOl 

Shade 

.6cf 

.64 

.61 

.58 

.26 --

.65 

.24 

.42 

.DB 

.50 

.66 

.12 

.42 

.24 

.12 

.66 
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TABLE 6.17 Regression equations for single bands and interband 
transforms against surface reflectance components using 
radiometer data for Simpson 

Regression equation 

1 MSS SQRT[(6-4/6+4}+0.5]= 
-0.001gv+0 .9 59 

2 MSS 6- 4/6+4 = - 0.002gv+0 .415 
3 MSS 4 = - 0 . 790sh+9.642 
4 MSS 5 = -0.159sh+17 . 852 
5 MSS 6 = -0.195sh+21 . 538 
6 MSS 6+4 = -0 . 274sh+31 . 18 
7 MSS 7+5 = -0.390sh-46.065 
8 MSS ( 4+5+6+7}/4 = - 0 . 166sh+19 . 311 
9 MSS 5 = 0.121s+9.453 

1 0 MSS 6 = 0 . 141s+12.023 
11 MSS 7 = 0 . 16s+17.642 
12 MSS 6/4 = 0.0011s+1.569 
13 MSS 6+4 = 0.163s+19.646 
14 MSS 6-4 = 0.120s+4.399 
15 MSS 7+5 = 0.282s+27 . 095 
16 MSS 6 -4/6+4 = 0 . 003s+0 . 188 
17 MSS SQRT[(6-4/6+4)+0.5)=0.002s+0.821 
18 MSS (4+5+6+7)/4 = 0.111s+11 . 685 
19 MSS 5 = 0.117ts+8.977 
20 MSS 6 = 0.125ts+12 . 158 
21 MSS 7 = 0.133ts+18 . 391 
22 MSS 6/4 = 0.009ts+1 . 627 
23 MSS 6+4 = 0 . 148ts+19.582 
24 MSS 6- 4 = 0.103ts+4.734 
25 MSS 7+5 = 0 . 250ts+27.369 
26 MSS 6-4/6+4 = 0.002ts+0.2 
27 MSS SQRT[96-4/6+4}+0.5=0 . 00lts 

+0.828 
28 MSS (4+5+6+7}/4 = 0.099ts+l1.738 

where: gv = green vegetation cover 
sh = 100% shade 

6.5 .2 Soil reflectance 

r 

0.41 

0.39 
0 . 69 
0 . 64 
0 . 61 
0.66 
0 . 65 
0.66 
0 . 55 
0.57 
0.55 
0.51 
0 .49 
0.55 
0 . 58 
0 . 52 
0.50 
0.55 
0 . 58 
0.51 
0 .4 5 
0.49 
0.49 
0 . 53 
0.55 
0 . 52 
0. 50' 

0 . 55 

s = sand 

p 

0.0013 

0.0023 
0 . 0001 
0.0004 
0 . 0008 
0 .0003 
0 . 0003 
0 . 0001 
0 . 0001 
0 .0001 
0 . 0001 
0 . 0001 
0 . 0001 
0 . 0001 
0 . 0001 
0 . 0001 
0 . 0001 
0 . 0001 
0.0001 
0.0001 
0 . 0001 
0 . 0001 
0 . 0001 
0 . 0001 
0.0001 
0 . 0001 
0 .0001 

0.0001 

ts = total soil 

The spectral reflectance curves of nine common soil types in 

Simpson are shown on Figure 6 . 43 . In all cases percentage 

reflectance increased through MSS 4 to MSS 7 with the lowest 

reflectance v a lues on MSS 4 and the highest on MSS 7. The 

darkest soil was 5YR 6/4 gravel, while 5YR 5/6 silt on MSS 7 was 
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brightest. Figure 6.44a shows 2.5YR sands and silt . 

Reflectances on MSS 4 were al l similar but infrared bands showed 

the best separation with the highest reflectance found on MSS 7 

for 2.5YR 5/8 sand (Figure 6 . 44a) . The gravels separated out 

with reflectances lower in all MSS bands than for silts (Figure 

6.44b). 

6 . 5.3 Green vegetat i o n a nd litte r r e flec t anc e against soi l 

Due to the orientation and sparse nature of leaves of 

arid environment shrubs and trees, green leaves seldom occurred 

100% within the field of view of the radiometer . Soil andjor 

plant litter also contributed to overall reflectance. 

Reflectance curves of vary i ng proportions of green v egetation and 

their soil background were plotte d for the MSS bands. Increasing 

projective fol-iage of Sclerolaena sp., dominant ground cover 

forbs in Simpson, against 2. 5YR 5/ 6 sand, showed spectral 

separability only on MSS 7 (Figure 6 . 45a) . Darkening was evident 

at 50% or less plant cover cover on MSS 5, MSS 6 and MSS 7. 

Reflectance values for 65 % Sclerolaena so . were similar to soil 

background except on MSS 7 where the plant reflectance was higher 

than that of 100% soil. For Cassia nemophila the same soil was 

darkened in all bands at 15% plant cover while darkening only 

occurred slightly on MSS 5 for 35% cover (Figure 6.45b). This 

resulted in partial darkening. 

Different cover classes of Zygochloa paradoxa, the major grass 

of the sand dunes in Simpson, against 2 . 5YR 5/ 8 sand, showed good 

spectral separability on infrared bands (Figure 6. 46a) . 

Darkening was evident in all MSS bands for all plant cover 

classes . Triodia basedowii, found mainly on the lower dune 

s l opes and swales, showed darkening on MSS 5 , MSS 6 and MSS 7 in 

all plant cover classes, against 2 . 5YR 5/6 sand (Figure 6.46b) . 

On MSS 4 reflectances were similar, except for 95 % plant cover 

which s howed darkening. Acacia aneura was generally found in 

stands of short trees mainly towards the south-west of Simpson. 

Th e leaves formed sparse canopies and the percentage green 

foliage in the IFOV varied only ·from 10-25%. Even at these low 

per centages darkening was evident in all MSS bands, at all 

proportions of plant cover, against a background of 2.5YR 5/6 

sand (Figur e 6 . 47a). Grevillea stenobotrya found on the dune 

c r ests , slopes and swales, showed spectral separability on MSS 5, 
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MSS 6 and MSS 7 where it also darkened the soil (2 .5YR 5/6} 

significantly (Figure 6 . 47b). Cassia sp. against 5YR 5/6 silt 

showed darkening on MSS 4, MSS 5 and MSS 7 but on MSS 6 all 

reflectances were simi lar (Figure 6.48a) . For Cassia sp. against 

2.5YR 5/6 sand, darkening was evident on all MSS bands for all 

plant cover classes, except at 35% cover on MSS 6, where the 

reflectance similar to that of the soil (Figure 6.48b) . Acac ia 

tetragonophylla against 2.5YR 5/8 sand showed darkening on all 

MSS bands (Figure 6. 49a). Dodonaea viscosa spp. angustissima 

against 2.5YR 5/6 silt showed darkening on MSS 4, MSS 5 and MSS 

6 (Figure 6.49b) . Both plant cover classes were highly 

reflective o n MSS 7 resulting in partial darkening. Dead wood 

against 2.5YR 5/6 sand showed darkening on MSS 5, MSS 6 and MSS 

7 . On MSS 4, darkening was apparent only at 50% and 75 % dead 

wood cover (Figure 6 .50a). Plant litter against the same soil 

also showed darkening on MSS 5, MSS 6 and MSS 7 with the 

reflectances on MSS 4 all very similar (Figure 6.50b ) . 

There was a general tendancy for the plants, plant litter and 

dead wood to darken the soil particularly on MSS 5, MSS 6 and MSS 

7. In Simpson the overall trend was towards total darkening for 

six plant species, dead wood and litter. Only two species 

showed evidence of partial darkening. 

6.5.4 Spectral separation of vegetation and soil background 

There was a general tendancy for the plants, plant litter 

and dead wood to darken the soil, particularly on MSS 5, MSS 6 

and MSS 7. In Simpson the dominant trend was total darkening. 

Against a background of soil, the few instances of highly 

reflective NIR plants were on specific MSS bands, rather than on 

all MSS bands for a specific plant cover class . Very little 

evidence of partial darkening was present and again these 

appeared highly wavelength dependent. 

Using combinations of NIR and visible data, scatterplots 

were drawn, in the same way as for King River (Section 6.2.6}, to 

determine whether plant species or soils formed groups. Since 

vegetation was relatively sparse in Simpson clusters, were more 

general than in the other regions . For MSS 4 on MSS 6, six 

obvious clusters were apparent (Figure 6.51). Their approximate 

limits of reflectance are shown on Table 6.18. For MSS 4 on MSS 

6 the lowest reflectances on both bands were for 100% shade, dead 
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wood, dead grass and Cassia spo. The highest reflectances on 

both bands were for soils. 

Eight clusters were identified for MSS 5 on MSS 7 for 

vegetation and soil (Figure 6.52). Clusters 7 and 8 were no~ 

well separated. The eight clusters and their approximate limits 

of reflectance are shown on Table 6.19. For MSS 5 on MSS 7 the 

lowest reflectance on MSS 5 was for 100% shade. 

Curran (1985) showed that separation usually was found in a 

combination of MSS 5 and MSS 7, but the information 

obtained in this study suggested that much better feature 

separation could be found using MSS 4 and MSS 6, as shown by the 

distinctive regression curves and the feature clustering. The 

use of a combination of MSS 4 and MSS 6 may be particularly 

useful during image processing. 

TABLE 6.18 The approximate reflectance limits of plant species, 
plants of the same genus and soils on MSS 4 against MSS 6 -
Simpson. 

Cluster feature %limits of %limits of 
reflectance reflectance 

MSS 4 MSS 6 

1 100% shade 1- 2 3 
2 dead wood and 4 . 2- 7.5 3- 8 

dead grass 
3 Cassia spp. 4.2 - 7 8 - 15 
4 Salt bush 7 . 5- 10.5 9-18 
5 Zygochloa Qaradoxa+ 9-9.8 9 - 15 

Triodia basedowii 
6 soils 8 - 13 . 8 19-33 
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