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TABLE 6.19 The approximate reflectance limits of plant species, 
plants of the same genus and soils on MSS 5 aga i nst MSS 7 -
Simpson. 

1 
2 
3 
4 

5 
6 
7 
8 

Cluster feature 

100% shade 
dead 
low trees 
Zyqochloa paradoxa+ 
Triodia basedowii 
Salt bush 
gravel 
soil 

%limits of 
reflectance 

MSS 5 

0.5 - 2.5 
7 - 10 

2 . 5 - 5 . 5 
8-12 

low trees and shrubs 

12 - 14 
14- 17.5 
17-25.5 
15- 23 . 5 

%limits of 
reflectance 

MSS 7 

5-7 
11-13 
15-17 
24 - 33 

23 -26 
15-23 
25-3 8 
29-40 



CHAPTER 7 IMAGE PROCESSING 

7.1 PURPOSE AND INTRODUCTION TO IMAGE PROCESSING 

7.1.1 Purpose of image processing 

The purpose of undertaking image processing was: 
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1. To describe overall scene characteristics and to determine 

how digital values were correlated in the study Regions. 

2 . To assess the contribution of green vegetation to the overall 

spectral reflectance by examining a number of band ratios and 

band transforms. 

3 . To select methods appropriate to each area to de-emphasise 

soil reflectance and emphasise vegetation discrimination. 

4 . To determine whether mappable green vegetation cover could be 

derived from statistical variability in the data using selected 

Principal Component Analysis techniques. 

5. To devise a method for selecting the analysed bands which 

showed clear vegetation discrimination for input into image 

classification. 

6 To determine whether a mapping system could be evolved to 

depict vegetation cover (density) andjor species types over 

specific soil/climatic environments. 

7 . To find the best classification technique to produce classes 

showing either species information andjor percent green canopy 

cover data. 

8. To apply a classification accur acy scheme to indicate the 

extent to which green cover and species were being depicted on 

resulting classification maps. 

7.2 SOFTWARE SPECIFICATIONS 

Image processing was carried out using the Earth Science Image 

Processing Package (ESIPP) , version 1.3 and MicroBRIAN version 

3.0. An ESIPP image file is written in binary form using MS-DOS 

binary format convention. The file consist s of a header record, 

band i nterleafed by line (BIL) imagery records and ancillary 

records. The ESIPP system uses a super- VGA card capable of 

displaying 256 colours at 640x480 resolution (Balia and Taylor, 

1990) . The MicroBRIAN configuration includes 512 Kbyte of RAM 

memory 200 Mbyte hard disk, colour monitor, PC DOS/MS DOS 

microcomputer operation system, an ink jet plotter and line 

printer and is normally restricted to 512x512 screen resolution 
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(MicroBRIAN User Manual, 1988). 

Three images, corresponding to the three Study Regions, were 

obtained from the Australian Centre for Remote Sensing (ACRES) . 

These were in MS-DOS format with 1.2 Mbyte capacity 5.25 inch 

disks which can be read by micro BRIAN and ESIPP. Each file 

contains one band of the data set organised as 512 lines x 512 

pixels with each pixel being an 8 bit byte, displayable either as 

16 or 64 shades of black and white or 16 or 256 colour intensity 

hues. Data is straight binary with no non- image data in the 

file. The header contains information on the scene parameters 

and processing history. It was necessary to convert from the 

ACRES microBRIAN BIL format into the format required by ESIPP. 

This was implemented through an ESIPP utility (INPBIL) . For the 

three images the header length = 512, number of channels = 4, 

number of pixels = 512 and number of lines = 480. The data 

already had radiometric and geometric corrections applied at 

source as indicated in Sections 7 . 3. 1 and 7 . 3. 2. Images were 

acquired on 29.12 . 90 for Barkly (Path-Row, 101-74) and Simpson 

(Path- Row, 101-77) and on 2.5 . 91 for Katherine (Path-Row 105- 70). 

7.3 CORRECTION PROCEDURES 

7.3 . 1 Radiometric corrections 

To correct varying detector responses, radiometric corrections 

are applied by ACRES, based on calibration tables derived from 

known sensor performance. Twenty four look-up tables are needed 

to correct the data of a Landsat scene. Horizontal stripes 

result from the imperfect balance of the six sensors in a Landsat 

band. These originate mainly in the electronic amplification and 

digitizing circuitry. On every second mirror retrace the sensors 

are exposed to a calibrated light source. Since the sensors have 

different gain curves the onboard calibration wedge gives a best 

fit of all sensors over their full 0-63 range . This results in 

an improved raw image but still with 6 band striping (ACRES Data 

Sheet, 3.1, 1989) . 

As ACRES transfer the image data from high density tape to 

disk, the scene statistics of mean values and standard deviations 

for each sensor are collected and computed. Gain and offset 

values for one sensor i n each of the four bands are calculated 

from calibration wedge data . The five remaining sensors in each 

band have their gains and offsets compared to this reference 



sensor by matching means and standard deviations from 

s t atist ics (ACRES Data Sheet, 3 . 1, 1989}. Ahern et al . 
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scene 

(1987) 
pointed out the need for accurate radiometric corrections when 

assessing change over time . Since the present work did not 

i nvolve a change over time but rather concentrated on inherent 

pixel values, further radiometric corrections in addition to 

those applied by ACRES were considered not required. 

7.3.2 Ge ometric c orrectio ns 

Raw satellite imagery contains various geometric errors due 

to combinations of sensor, spacecraft orbital and Earth 

rotational characteristics. These result in a distorted image 

lacking geometric fidelity . A mirror velocity profile look- up 

table is used to correct the small accelerations and 

decelerations present during scanning . This causes the pixels on 

the ground to be stretched or compressed. Mirror perturbations 

cause variations in the number of pixels in each scan line. The 

' start of scan ' code and 'end of scan ' code marks are used to 

adjust line length. Geometric bulk corrections are applied by a 

combination of pad pixel insertion (zero intensity value) and 

data resampling . Earth rotation correction is attained by 

inserting pad pixels at the beginning and end of each scan line 

while line length correction, non- linear and mirror velocity are 

applied by resampling along scan direction (ACRES Data Sheet, 

3 . 1, 1989) . 

During early stages of image processing missing scan lines 

were replaced with estimated data. Spatial correlation, the 

correlation of values ·-distributed ove1r a .two- dimensional or 

geophysical surface, was the basis of the estimation of missing 

val ues on a scan line, from adjacent values. The general utility 

Fix Bad Lines (FIXLIN) was used to correct for bad lines within 

t he ES I PP system . 

7.3.3 Atmospheric corrections 

The amount of atmospheric water vapour can vary from scene to 

scene a nd can be difficult to determine. Turner (1978); Jackson 

e t al. (1983a) and Hill and Sturm (1991) have developed 

sophisticated models for atmospheric correction during interyear 

comparisons. Atmospheric effects usually cause the histograms of 

visible bands (MSS 4 and MSS 5) to be offset from zero (Lillesand 

a nd Kiefer, 1987) . Generally it can be expected that histograms 
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of short wave infrared bands (MSS 6 and MSS 7) will have values 

close to zero due to the presence of low reflectance pixels from 

features such as dark basalt, clear water or deep shadows 

(Mather, 1987) . In this study no interyear comparisons were 

carried out so the method of dark pixel correction ( DPC) 1 

histogram minimum method was considered appropriate for adjusting 

atmospheric effects (Ringrose and Matheson, 1991) . This method 

involved choosing the lowest histogram pixel values as the first 

approximation to atmospheric path radiance. These minimum values 

were then subtracted from all other values (Mather 1987). This 

resulted in subtraction of brightness from the data recorded in 

longer wavelengths, such that atmospheric scattering effects were 

minimised. 

For King River, histograms of MSS 4 and MSS 5 were offset away 

from zero while data from Mss· 6 and MSS 7 were already displaced 

towards zero . Dark pixel correction was appl ied to MSS 4 and MSS 

5. Histograms then showed data displaced towards lower 

radiometric l evels . In Barkly and Simpson the histograms for all 

four bands were progressively offset to high radiometric levels . 

An absence of low reflectance pixels from features such as new 

burn scars (present in King River) , clear water or deep shadow 

was evident on both images. Many arid and semi-arid zones 

worldwide are characterised by lack of dark features on the image 

(Ringrose and Matheson, 1990b). To standardise the data in 

Barkly and Simpson all four MSS bands were dark pixel corrected. 

Histograms showed that data in all bands were now offset towards 

zero. The DPC image was then used as the base image for further 

processing techniques in all Study Regions. 

7 . 4 BACKGROUND TO IMAGE ANALYSIS 

Additional background information is included to provide 

further insight into the appropriateness of various image 

process ing techniques subsequently applied in this chapter. This 

is intended to supplement information given in Chapter 2. 

7.4.1 Principal components Analysis 
Principal Components Analysis (PCA) provides additional useful 

information when correlation among bands implies data redundancy. 

PCA has been used frequently for data reduction, noise 

separation, change detection and data enhancement in remote 

sensing (Richards, 1984, Townshend, 1984). Byrne et al. (1980) 
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used PCA t o provide an effective way of identifying areas in 

which change has occurred between 2, 4-channel multispectral 

scanner images . Fung and Le Drew ( 19 8 7) , Chavez and Boswe 11 

(1988), Von Essen, and Walsh (1989) and Walsh et al. (1990) all 

reported successful application of PCA in image processing for 

feature separation . Lodwick (1979) used PCA to facilitate the 

interpretation of ratioing between selected bands in Lands at MSS 

data. Mart in (1989) included principal co~ponent enhancements of 

a multidate composite Landsat MSS image to reduce the correlation 

or redundacy among MSS 5 and MSS 7. 

Lee et al . (1989) s howed that in PCA, components are derived 

from the model: 

Y/~ere : 

Y = AX 
y vector of transformed variables 

A = matrix of weighting coefficients 

X = vector of original variables. 

7-1 

Principal Component Analysis reduces the original data set 

matrix to a series of independent principal components created by 

reprojecting the original data onto newly defined orthogonal axes 

(Richman, 1986). A major axis is chosen as the dominant 

direction of variability with subsequent orthogonal axes 

dependent o n the number of input channels. The derived 

components explain significant levels of data variability. Since 

the number of dimensions present in a data set are defined, and 

the principal axes of variability within the data are identified, 

the relationships between different groups of pixels repr~senting 

different land cover types may be clearer than on the original 

bands. PCA preserves the total variance in the transformation 

while minimising the mean square approximate errors (Fung and 

LeOrew, 1987) . A false colour composite using PC1, 2 and 3 

contains more information than any combination of three spectral 

bands (Mather 1987), although an assessment of usefulness for any 

given application remains subjective. 

Richards (1986) described PCA as the derivation of the 

variance and covariance matrix computation of the eigenvectors, 

and linear transformation of the data set. The shape of the 

ellipse enclosing the scatter of data points in multi-dimensional 

space is defined by the variancej covariance matrix. This is 

computed from the number of variables or spectral bands. 
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Variance in each spectral band is proportional to the scatter of 

points parallel to the axis . Covariance represents the shape of 

the ellipse enclosing the points. The eigenvalue represents the 

length of the principal axis of the ellipsoid measured in units 

of variance, while the eigenvector represents the direction of 

the principal axis in 'n' dimensional space. The eigenvalues of 

the correlation matrix measure the concentration of variability 

of data in 4-orthogonal directions (in four band MSS imagery) . 

The directions defined by PC1 and PC2 represent most of the data 

variability. Since noise is distributed among the principal 

components PC1 and PC2 have a lower noise to signal ratio than 

PC3 and PC4 (Mather, 1987). Lee et al. ( 1989) suggested that 

lower order PCs can be useful in research designed to 

discriminate minor physical variations within features and to 

highlight localised change . 

7.4.2 Image classification 

Classification involves simplifying an image by grouping all 

pixels into classes to produce a thematic map with classes 

interpretable relative to the objectives of the project. 

Supervised techniques were chosen for this study. Supervised 

classification involves the computational determination of 

spectral patterns in the image data which are predetermined by 

the analyst through the use of training sites. 

Gong and Howarth (1990} revealed that by using conventional 

per-pixel classifiers better accuracies were obtained using 

Landsat MSS than with TM or SPOT. The improved resolution of TM 

or SPOT increased spatial variabilility making the training 

process more problematic. Toll (1984) suggested that computing 

time and cost increase rapidly as the number of channels 

increase, while accuracy of classification may not be improved. 

Wang (1977) and Jensen (1979} stated that it was necessary to 

prejudge which channels were most effective, accurate, and 

economical in discriminating specific class data. Cushnie (1987) 

assessed the effect of spatial resolution on the degree of 

internal variability within land cover classes to examine how 

this within class variance affected classification accuracy. 

High classification accuracies were found at all spatial 

resolutions within internally homogeneous classes. Where the 

land cover type was characterised by a high degree of internal 
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variability accuracies improved by up to 20%, since spatial 

resolution coarsened due to reductions in proportional scene 

noise. Mausel and Kramber (1987) appl ied a minimum distance to 

means algorithm using PC transformed video data in the form of 

PCl , PC2, PC3 and PC4 to classify an area . Mausel et al . (1990) 

found that the use of three channels best compromised between 

accuracy and effici ency of data compression, however the use of 

the best 4 channels was also considered a reasonable choice. 

7.4 . 3 Cluste ring procedures f o r s u pervis ed c lassi ficati on 

Three clustering techniques normally applied to image data are 

parallelepiped, minimum distance to means and maximum likelihood 

classifiers . Detailed discussion on the basic algorithms used 

are found in Mather (1987) and Harrison and Jupp (1990). In 

defining a class the parallelepiped classifier uses minimum and 

maximum brightness values of each band for every signature file. 

The range defined by these digital numbers (DNs) defines a 

rectangular area in a two channel plot. Pixels are classified 

according to their proximal decision range . When pixels lie 

outside all regions they are unknown and are ascribed to the null 

class . Parallelepiped techniques are fast, provide easy 

compilation but often result in a confused, incorrectly 

classified image . 

In the minimum distance to means classifier the mean value for 

the class is defined within a training area and pixels are 

assigned to the class according to their distance in 

multispectral space from the mean value. Pixels outsi"de an 

analyst specified distance are excluded from the class by setting 

the standard deviation at a specific value. This is an effective 

classifier except where spectral classes are close in measurement 

space and have high variance values. 

Th e maximum likelihood classifier is computationa l ly time 

consuming but generally gives more consistent results since the 

s t a ndard deviation and covariance of the data within classes are 

used to establish class signatures. The value of the 

mul t ivari ate Gaussian density of a pixel for each category is 

required. Training data are used to estimate the parameters of 

mul t ivariate Gaussian densities for each reference category. The 

pixel is then labelled or mapped as the category with the maximum 

value of the density. Probability functions are used to classify 
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unidentified pixels by computing the probability of the pixel 

value belonging to each category. The pixel is then assigned to 

the most likely class or labelled unknown if the probability 

values are below the analyst set threshold (Lillesand and Kiefer, 

1987). 

7 .4.4 Classificati o n Accuracy 

Prior to classification random pixels were identified and 

l ocated in the field . These were later used in determination of 

overall accuracy and the accuracy of individual classes. The 

ideal number of points to be tested on the classified images was 

det ermined from the formula for binomial probability theory: 

N = [ 4 (p) (q-) ]/E2 7-2 
where : p = expected ~ 0 accuracy 

q = difference between 100 and p 

E = allowable error 

N = number of points to be sampled (Fitzpatrick-Lins, 

1980) . 

An anticipated accuracy of 85% was chosen with an allowable 

error of 5%. The number of points needed for reliable results 

was therefore: 

N = 4(85x15)/52 7-3 

A minimum of 204 pixels were therefore necessary from each of the 

Study Regions. 

The most common way of determining the reliability of maps 

derived from satellite data is to use a contingency table/ 

confusion matrix (Congal ton et al., 1983) . In the present study, 

tables were derived from sampling classified green vegetation 

cover and species composition data and comparing it with ground 

location data. The errors made in classification were 

determined . To assess overall accuracy the 95% one tailed lower 

confidence limit for binomial distribution was used (Thomas and 

Al lcock, 1984) . The equation used in this study was: 

p = p [1 . 645 SQRT{(p-) (q - ) }/n +50/n] 

wh ere : p accuracy of the map expressed as a percent 

p-= value c;n expressed as a percent 

cf= 100- p-

n = sample size 

c =number of points correct (Jensen, 1986). 

7-4 

Should the one tailed lower confidence limit exceed that of the 
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85% overal l accu racy criterion then the classified map will 

exceed the 85% overall accuracy criterion. 

Errors of omission and commission were determined for each 

class. Errors of omission (pixels that actually belonged to a 

class but were labelled as members of another class) were 

calculated by adding the number of pixels assigned to incorrect 

classes. This number was then divided by the total number of 

pixels in the class (Jensen , 1986) . Errors of commission (pixels 

labelled as belonging to one class when they actually belonged to 

another c l ass) were calculated by adding the number of pixels 

assigned to incorrect classes along each column, and dividing 

this number by the total number of pixels assigned to the column 

class (Jensen, 1986). 

7.5 IMAGE PROCESSING RESULTS - STUDY REGION 1 1 KING RIVER 

7 . 5.1 Analysi s of dark pixel corrected image 

Single bands were displayed to assess their relative data 

content. The King and Katherine Rivers were well defined in MSS 

4 as were the main roads and tracks. Burn scars did not contrast 

well with the surrounding vegetation and soi l. The central south 

limestone area was reasonably wel l defined (Figure 5.1 located in 

back pocket) . Vegetation looked dark . MSS 5 revealed more 

overal l detail between features with vegetation again appearing 

dark. Fields showed better definition than in MSS 4 . Gravel 

pits were very bright in contrast to their surroundings. 

Drainage patterns in the limestone area were enhanced where they 

were not evident in MSS 4. Vegetation appeared dark. In MSS 6 

vegetation was light and the burn scars contrasted well with 

their surroundings. Less contrast between the King River valley 

and surroundings was apparent than in the visible bands . Detail 

of rock outcrops in the north- east and north-west was lost and 

less vegetation was evident to the west of the south- west 

fenceline than to the east (Figure 5 . 1 located in back pocket for 

clarification) . Some green vegetation patches appeared west of 

the fenceline . In MSS 7, vegetation appeared light except for 

darkening by Acacia shirleyi which was evident on rocky ridges in 

the north-east (Plate 7 .1). Burn scars were apparent and 

contrasts between vegetation cover across the south- west 

fenceline were marked. More detail regarding vegetation and 



Plate 7.1 MSS 4, 5 and 7 co lour composite of the 
dark pixel corrected image, zoomed into the rocky 
ridges with Acacia shirleyi in the north-east, 
King River. 
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drainage patterns in the limestone area was present than in 

MSS 6 . Details of r oads and tracks were lost. A 640X480 - 256 

colour composit e of MSS 4, MSS 5 and MSS 7 revealed a very pink 

image indicating abundant actively growing vegetation (Plate 

7.2). Rock outcrops appeared white with darker patches 

representing vege tat ion. Actively g row i ng vegetation looked 

bright red while burn scars were blackish. Limestone outcrops 

were bluish with vegetation appearing pink. Lateritic bare soil 

appeared green . Les s contrast wa s ev ident ac ross the south - west 

fenceline than in the black and white single band images . 

Statistics of the image r evealed that the lowest mean percent 

reflectance was for MSS 4 and the highest was for MSS 7 (Ta ble 

7. 1) . The lowest standar d deviation was in MSS 4 and the 

greates~ in MSS 7. Most data were available in MSS 5 and MSS 6 . 

The histograms for the single bands showed that the data range 

was unimodal in al l bands . 

TABLE 7.1 
River 

Band Min 

MSS 4 0 
MSS 5 0 
MSS 6 25 
MSS 7 19 

General statistics for DPC corrected image - King 

Max Mean Std.dev . Variance 

59 13 . 87 3.34 11.15 
84 21.05 5 .13 26 . 35 

111 61.35 5 . 53 30.64 
125 75.55 7 . 17 51.41 

A correlation matrix was produced as a r esult of 1 inear 

regressions c a lculated on single band data {Table 7.2). High 

correlations were found between MSS 4 and MSS 5, and MSS 6 and 

MSS 7 . It can be expected that visible and infrared bands will 

be well correlated but in this region MSS 4 and MSS 6, and MSS 5 

and MSS 6 data were also correlated. Results were similar to 

those attained by the hand held radiometer (Section 6.3) . Twelve 

crossplots were interactively drawn of all sing le bands to 

illustrate vegetation discrimination in terms o f pixel clust ers 

relative to a soil-line. In the plot of MSS 4 against MSS 5 , a nd 

MSS 6 agains t MSS 7, data were clustered along a s ingle ax i s . 



Plate 7 . 2 MSS 4, 5 and 7 colour composite of the 
dark pixel corrected image, King River. 
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TABLE 7.2 Correlation matrix for DPC image - King River 

Band MSS 4 MSS 5 MSS 6 MSS 7 

MSS 4 1. 00 
MSS 5 0 . 8 1 1. 00 
MSS 6 0.58 0.60 1. 00 
MSS 7 0.42 0 .42 0.87 1. 00 

Data for MSS 4 against MSS 6 (Figure 7 . 1), MSS 5 against MSS 6 

(Figure 7 .2), MSS 4 against MSS 7 (Figure 7.3), and MSS 5 against 

MSS 7 (Figure 7 . 4) showed a soil-line with some different green 

ve~etation components occupying specific,. locat ions in data space . 

When digital data from field work sites were superimposed on 

the scatterplots, MSS 7 against MSS 5 showed the greatest general 

f eature separation with either vegetation cover grouped according 

to a consistent dens ity (density cover of 30%) or showing 

increasing trends. Areas of eroded soil and crop cultivation 

were the most highly reflective features on all plots, and recent 

burn scars the most absorptive. Rocky areas containing a high 

proport ion of Acacia shirleyi were also spectrally distinct. A 

plot showing spectral curves of all fieldwork sites (Figure 7 . 5) 

indicate d ( i) the general high NIR reflectance of vegetation 

which is consistent over the area and (ii) the overall similari ty 

of spectra l features throughout the r egion . 

7.5.2 Band rat ios , band transforms and vegetation indices 

Background discussions on the use of band ratios and 

vegetation indices for green vegetation discrimination are found 

in Chapter 2. Further soil/vegetation separation was attempted 

by creating 12 band rat io images (Table 7.3) . Radiometer resul t s 

had suggested that MSS 7/5 and MSS 6/ 4 contained predictive 

information o n green vegetation and soil discrimination. 

However , in image process~ng, MSS 5/6 and MSS 5/7 were most 

useful visually , in separat ing out green vegetation from 

background components, and were retained fo r further use. Rock 

outcrops , fence lines, fie lds, burn scars a nd darkened vegetation 

were also clearly defined. 
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Figure 7.1 Crossplot of MSS 4 on MSS 6 showing the 
outline of the main body of data, interpretative 
clusters and soil-line, King River . 
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182 



..... , 
c: 
CQ 
.c 
Cl) 
Cl) 

192 

128 

~ 64 

d 

b 

.. a 
~>".. ~ I '-\i.':t"• • . . 
' '.! . . v· ,·'f"· ' .. 

t
'\- h' ' --\.: 

t • . 

'-:-- ,' . r~ 
' . 

( g : .. : 

~: · '· 
{ f ' , 
I . · 

0~------------~------------~ 
0 

where: 

64 
MSS band 4 

a = agricultural crops 
b = burn scars 
c = Acacia s hi rleyi 

128 

d = silt SYR 4/1 gray at 30% c over 
e = eroded soil 
f = SYR 5/6 yellow red sand 

c~ = cover increase) 
g = 7.5YR 6/6 (no cover trend) 
h = limestone 2.5YR 6/2 gray 
i = lOYR 6/4 yellowish brown 

- eroded 
j = 2 .5YR 4/4 reddish brown 
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outline of the mai n body of data, interpreta tive 
clusters and so il - line, King River. 
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Figure 7.4 Crossplot of MSS 5 on MSS 7 showi ng the 
outline o f the main body of data, interpreta tive 
cluste r s and soi l-line, King River. 
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TABLE 7 . 3 Summary of band ratio statistics - King River 

Band Min Max Mean Std.dev. Variance 
ratio 
4/5 0 202 94.59 11.89 141.34 
4/6 0 254 58.92 11.07 122.44 
4/7 0 245 38.97 8 . 46 71 . 57 
5/6 0 254 84.45 14.08 198.17 
5/7 0 244 57 . 54 11.92 142.10 
6/7 0 141 92 . 22 5 . 84 34.11 
5/4 0 254 159 . 44 11.91 141.91 
6/4 0 254 195 . 15 11.10 123.20 
7/4 0 254 215 . 07 8 .49 72 . 09 
6/5 0 245 169.60 14.11 199.04 
7/5 0 248 196.51 11.92 142 . 03 
7/6 0 254 161.91 5 . 88 34 . 60 

The band ratios were cross plotted in all available 

combinations (66 plots) to determine whether the distribution of 

variance in vegetation and soil factors could be separated as a 

basis for Directed Principal Components Analysis (DPCA) as shown 

by Fraser 1 ( 1990} . 

MSS (4/5)/ (4/6) I 

Sixty six scatterplots were drawn but only 

MSS (4/5)/(4/7), MSS (5/6)/(5/7) and MSS 

(5/6)/(6/7) showed possible separation of green vegetation from 

background. The data from these ratio images were later used for 

directed PCA . 

Eadiorneter results showed that vegetation correlated well with 
' 

MSS 6-4 and MSS 6-4/6+4 while soil correlated well with MSS 7-5 

and MSS 7 - 5/7+5. Subtractive (MSS 6- 4, MSS 7 - 5) and additive 

images (MSS 6+4 1 MSS 7+ 5) were produced on an expe r imental basis. 

The additive image MSS 7+5 resulted in the best overall contrast 

between vegetation and background, although MSS 6+4 also showed 

vegetation discrimination. Two ratio images were produced using 

input s of subtractive and additive transforms . In each case gain 

and offset values were set for each resulting channel to produce 

a suitable dynamic range (unimodal distribution over DN 0-255). 

MSS 6- 4/6+4 and MSS 7- 5/7+5 both used scale factors 80 1 20 . When 

both were compared to aerial photograph data good separation was 

achieved between green vegetation and background components. The 

s catterplots of both images showed two axes (Figure 7.6 and 7 . 7). 

These transforms were therefore retained for DPCA . 
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The Tasselled cap transform of Kauth and Thomas (1976) was 

applied to DPC input bands and three cross plots were produced 

for brightness on greenness, brightness on wetness and greenness 

on wetness. The scatterplot for brightness on greenness showed 

the plane of soils separated from the plane of vegetation (Figure 

7.8). The image for brightness spatially showed the best green 

vegetation cover. The brightness channel also had the largest 

mean and variance (Table 7.4). 

TABLE 7.4 Tasselled cap transformation statistics - King River 

Channel 

Brightness 
Greenness 
Wetness 

Min Max Mean 

18 
19 
24 

95 
64 
35 

46 . 77 
38.94 
30 . 54 

Std . dev. Variance 

4.25 
2.49 
0.90 

18.05 
6.20 
0.81 

7.5 . 3 Principal Compone n t s Analys i s 

The correlation matrix (Table 7 . 2) showed that MSS 4 and MSS 

5 were highly correlated due to relatively low vegetation 

reflectance values. MSS 6 and MSS 7 were highly correlated due 

to the high reflectance of vegetation. As data redundancy was 

apparent , PCA was used to compress the data such that the f i rst 

principal component contained the maximum possible proportion of 

variance of t h e original data set. Other components account for 

t he maximum proportion of the unexplained residual variance (Fung 

and LeDrew, 1987) . Results of PCA run on the four MSS bands are 

shown on Table 7 . 5. 

The covariance matrix showed that PCl (principal component 1) 

contained most information in the infrared bands while PC2 

contained most information in the visible bands. Since 75.36% of 

t he variance appeared in PC1 this related to information 

contained in the infrared bands. In PC2, 19.13% of the variance 

r ela ted to the visible bands, in particular to MSS 5 . The 

cor relation matrix showed that information in PC1 and PC2 was 

weighted evenly towards the visible and infrared bands . 

Principal components 1 and 2 accounted for about 93% of the total 

var ianc e . The signs of the loadings on the covariance matrix of 
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TABLE 7.5 Matrices of Eigenvectors - Covariance and Correlation 
using DPC inputs for King River 

Matrix of Eigenvectors (Covariance) 

Band PC1 PC2 PC3 PC4 
MSS 4 0 . 2309 0.4251 - 0.0322 0.8746 
MSS 5 0 . 3707 0 . 7561 - 0 . 2560 -0.4748 
MSS 6 0.5579 - 0.0523 0 . 8232 -0 . 0916 
MSS 7 0.7057 -0.4949 -0 . 5058 0 . 0356 

Associated eigenvalues and % variance 

PC1 PC2 PC3 PC4 
Eigenvalue 90.0889 22.8665 3.6977 2.8864 
Variance 75.3633 19.1288 3.0933 2 .4 146 

Matrix of Eigenvectors (Correlation) 

Band PC1 PC2 PC3 PC4 
MSS 4 0.4916 -0.5007 - 0.7119 -0 . 0303 
MSS 5 0.4955 -0.4893 0 . 6941 -0.1823 
MSS 6 0.5367 0.3719 0 . 0770 0.7 535 
MSS 7 0 . 4741 0.6095 - 0 .0744 - 0.6310 

Associated eigenvalues and % variance 

PC1 PC2 PC3 PC4 
Eigenvalue 2.8568 0.8500 0 . 1903 0 . 1029 
Variance 71.4204 21.2509 4.7565 2 .5723 

PC2 were the reverse of that in the correlation matrix. Fung 

and LeDrew (1987) referred to negative loadings on the infrared 

bands as negative greenness measures . 

Actively growing vegetation appeared bright on the PC1 

covariance 1mage display . This was expected s1nce the 

information was mostly weighted towards infrared bands which had 

positive loadings . Burn s cars were dark. Green vegetation was 

dark in PC2 covariance where the infrared bands were negatively 

loaded . Roads and fence 1 ines were also clearly defined. 

Exposed soil in fields was bright while burn scars were pale 

g r ay. Both PC3 and PC4 covariance images were noisy. Vegetation 

appeared bright on PC1 and PC2 correlation images where both had 

positive loadings on the infrared bands. It proved difficult to 
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separate green vegetation from highly reflective red soils. very 

little information relating to vegetation was evident on the PC3 

correlation image. Soils were reasonably well defined along the 

Katherine river. The PC4 correlation image was noisy with little 

useful information. The data on PCl and PC2 from both matrices 

were retained for further use. 

Since scatterplots of the data suggested separate vegetation 

and soil axes, DPCA was run on band rat ios MSS 5/6 and MSS 5/7; 

MSS 4/5 and MSS 4/6; MSS 4/5 and MSS 4/7; and MSS 5/6 and 6/7 . 

Table 7 . 6 shows the factor loadings on PCl a nd PC2 for covariance 

and correlation matrix inputs for MSS 5/6 and MSS 5/7 . The data 

on PCl covariance were distributed between MSS 5/6 and MSS 5/7. 

Weighting was s lightly biased towards MSS 5/6 in PCl and towards 

MSS 5/7 in PC2. The first principal component contained 96 . 56% 

of the variance in the data. All factor load ings were equally 

weighted in PCl and PC2 for the correlation eigenvectors and 

96.46% of the data was found on PCl. On displaying the images 

PCl covariance showed highly reflective vegetation as dark tones 

which separated well from background components . Exposed rock 

was bright and burnt soil light gray . Roads, fences and fields 

were all clearly defined. The PC2 image was noisy. The 

correlation image for PCl showed poor green vegetation and soil 

separation. Only the PCl covariance data were retained for 

further use. 

Directed PCA was run on band ratios· MSS 4/5 a nd MSS 4/6 which 

showe~ separa~e vegetation and soil axes on their scatterplots. 

The data showed mainiy equal loadings for the covariance - inputs 

(Table 7. 7) . PCl contained 69% of the data. For correlation 

matrix inputs the factor load i ngs were equally weighted, with 69% 

of the data variance on PCl. On displaying the images only soils 

were evident on both PCl images. Green vegetation showed as dark 

tones on PC2 covariance. Exposed rock and burnt soil showed as 

light tones . Although the image obtained from PC2 correlation 

had a stippled texture some green vegetation discrimination also 

resulted. Actively growing vegetation was bright on this image. 

Results suggested that most vegetation data were on MSS 4/6 and 

most soils data were on MSS 4/5. The data from both PC2 matrices 

were retained for further use. 
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TABLE 7.6 Matrices of Eigenvectors- Covariance and Correlation 
using ratio i nputs for King River 

Matrix of Eigenvectors (Covariance) 

Band rat io 
MSS 5/6 
MSS 5/7 

PCl 
0.7671 
0.6415 

PC2 
- 0.6415 

0.7671 

Associated eigenvalues and % variance 

Eigenvalue 
Variance 

PC1 
328.5490 
96.5550 

PC2 
11.7223 
3 . 4450 

Matrix of Eigenvector (Corr elation) 

Band ratio PC1 PC2 
MSS 5/6 0.7071 -0.7071 
MSS 5/7 0 . 7071 0 . 7071 

Associated eigenvalues and % variance 

PCl PC2 
Eigenvalue 1. 9291 0.0709 
Variance 96.4552 3.5448 

TABLE 7.7 Matrices of Eigenvectors -Covariance and Correlation 
using ratio inputs for King River 

Matrix of Eigenvectors (Covariance) 

Band ratio 

MSS 4/5 
MSS 4/6 

PC1 

0.7713 
0.6365 

PC2 

- 0 . 6365 
0.7713 

Associated eigenvalues and % variance 

Eigenvalue 
Variance 

PC1 
181.7503 

68.8985 

PC2 
82 . 0439 
31.1015 

Matr ix of Eigenvectors (Correlation) 

Band ratio 
MSS 4/5 
MSS 4/6 

PCl 
0.7071 
0.7071 

PC2 
- 0.7071 

0.7071 

Associated eigenvalues and % variance 

Eigenvalue 
Variance 

PC1 
1.3721 

68.6031 

PC2 
0 . 6279 

31. 3969 
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Directed PCA was run on MSS 4/5 and MSS 4/7 since vegetat ion 

and soil showed separate axes on their scatterplots . The factor 

loadings for covariance were greater for PC1 MSS 4/5 and greater 

for PC2 MSS 4/7 (Table 7 . 8) . Most of the data variance were 

found i n PC1 (72%). 

TABLE 7.8 Matrices of Eigenvectors - Covariance and Correlation 
using ratio inputs for King River 

Mat rix of Eigenvectors (Covariance) 

Band ratio PCl PC2 

MSS 4/5 0.9329 - 0.3602 
MSS 4/7 0.3602 0.9329 

Associated eigenvalues and % variance 

PC1 PC2 
Eigenvalue 153.5846 59 . 3434 
Variance 72.1298 27 . 8702 

Matrix of Eigenvectors (Correlation) 

Band rat io PC1 PC2 
MSS 4/5 0.7071 -0 . 7071 
MSS 4/7 0 . 7071 0.7071 

Associated eigenvalues and 9.-0 variance 

PC1 PC2 
Eigenva l ue .· 1. 3148 0.6852 
Variance 65.7419 34.2581 

For PC1 covariance most of the data was contained in MSS 4/5. 

For PC2 most information was contained in MSS 4/7 . The matrix of 

eigenvectors (correlation) showed that the factor loadings were 

equally weighted with 66% of the data found in PC1 . On 

displaying the images, PC1 data for both matrices and PC2 

correlation data showed little evidence of green vegetation . PC2 

covariance showed best green vegetation cover separation from 

background components . Actively growing vegetation appeared dark 

wh ile exposed soil and rock and burn scars were bright. Most 

information on vegetation was therefore on MSS 4/7 . The data on 
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PC2 covariance was retained for further use. 

When DPCA was run on MSS 5/6 and MSS 6/7, 80.7% of the data 

variance was found in PC1 for covariance (Table 7 . 9). 

TABLE 7.9 Matrices of Eigenvectors - Covariance and Correlation 
using ratio inputs for King River 

Matrix of Eigenvectors (Covariance) 

Band ratio PC1 PC2 

MSS 5/6 0.9993 0.0376 
MSS 6/7 - 0 . 0376 0.9993 

Associated eigenvalues and ~ 
0 variance 

PC1 PC2 
Eigenvalue 141.5087 33 . 9485 
Variance 80.6514 19 .3486 

Matrix of Eigenvectors (Correlation) 

Band ratio PC1 PC2 
MSS 5/6 -0. 7071 0.7071 
MSS 6/7 0.7071 0 . 7071 

Associated eigenvalues and % variance 

PC1 PC2 
Eigenvalue 1.0582 0.9418 
Variance 52.9079 47.0921 

For PC1 covariance most information was in MSS 5/6 while in 

PC2 most information was found in MSS 6/7 . The correlation 

matrix revealed equa l loadings throughout, with 53% for the data 

found in PC1 and 47% found in PC2. The data from PC1 covariance 

and correlation matrices revealed the best vegetation 

Both images discrimination and were retained for further use. 

showed actively growing vegetation as dark tone. 

rock and burnt areas appeared as bright tones. 

vegetation cover data lay on the MSS 5/6 axis. 

Exposed soil, 

Most of the 

Since green vegetation cover was evident on MSS 6+4 and MSS 

7+5 PCA was appl ied to the transforms. The covariance matrix 

showed most information was on MSS 7+5 for PCl and most 

information was on MSS 6+4 for PC2 (Table 7.10). 
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However, 96% of the data was contained in PCl. The 

correlation matrix had equal loadings on PCl and PC2 with 95% of 

the data variance contained in PCl. The PCl images of both 

matrices showed similar information. Highly reflective NIR 

vegetation was bright and darkened vegetation appeared dark. 

Since green vegetation cover was evident the images were retained 

for further use. Both PC2 images were noisy and were not used 

further in image processing. 

Directed PCA was run on transforms MSS 6-4/6+4 and MSS 7-

5/7+5 , since scatterplots showed the presence of vegetation and 

soil axes. For covariance matrix inputs, 86 % of the data 

variance occurred on PC1 with MSS 7-5/7+5 having the greater 

factor loading (Table 7.11) . In PC2 the greater loading was in 

MSS 6-4/6+4 with a negative loading in MSS 

TABLE 7.10 Matrices of Eigenvectors- Covariance and Correlation 
using additive image inputs for King River 

Matrix of Eigenvectors (Covariance) 

Band transform PC1 PC2 

MSS 6+4 0.5968 0.8024 
MSS 7+5 0.8024 -0.5968 

Associated eigenvalues and i-0 variance 

PC1 PC2 
Eigenvalue 164.8102 7.1830 
Variance 95.8236 4 . 1763 

Matrix of Eigenvectors (Correlation) 

Band transform 
MSS 6+4 
MSS 7+5 

PC1 
0 . 7071 
0.7071 

PC2 
-0. 7071 

0.7071 

Associated eigenvalues and % variance 

Eigenvalue 
Variance 

PC1 
1.9099 

95.4961 

PC2 
0.0901 
4 . 5039 

. 
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7 - 5/7+5. The first principal component contained 86 . 03% of 

the variance. Data were distributed evenly throughout the 

eigenvectors resulting from correlation matrix inputs. There was 

negative loading in MSS 7- 5/7+5 on PC2 . The first principal 

component contained 85% of the variance. On displaying the 

images, data from PCl covariance and PCl correlation matrices 

showed good separation of green vegetation from background 

components and were retained for further use. On both images 

actively growing vegetation appeared bright while exposed rock 

and soil were dark. Tracks and roads appeared dark. Plate 7 . 3 

shows the image derived from PC1 correlation of MSS 6- 4/ 6+4, MSS 

7 - 5/7+5. 

Through DPCA most vegetation data appeared on axes controlled 

by MSS 5/6, MSS4/6 , MSS 4/7, MSS 5/6, MSS 6+4, MSS 6-4, MSS 6-

4/6+4 and MSS 7 - 5/7+5. 

TABLE 7.11 Matrices of Eigenvectors Covariance and 
Correlation using band transform ratios inputs for King River 

Matrix of Eigenvectors (Covariance) 

Band transform 
ratio 
MSS 6-4/6+4 
MSS 7-5/7+5 

PC1 

0.5956 
0.8033 

PC2 

0.8033 
- 0.5956 

Associated eigenvalues and % variance 

Eigenvalue 
Variance 

PC1 
51.1369 
86 . 0346 

PC2 
8.3007 

13.9654 

Matrix of Eigenvectors (Correlation) 

Band r a t io PC1 PC2 
MSS 6-4/6+4 0.7071 0. 7 07 1 
MSS 7-5/7+5 0 . 7071 -0 . 7071 

Associated eigenvalues and % variance 

PC1 PC2 
Eigenvalue 1. 7052 0.2948 
Variance 85.2617 14.7383 



Plate 7.3 Image derived from PCl correlation of 
MSS 6-4/6+4, MSS 7-5/7+5, King River. 
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7.5.4 Choice o f da ta set s f o r classi fi catio n input 

Throughout image processing green vegetation cover was readily 

discriminated from background components but darke ned vegetation 

was often more diff i cult to discern. A method of assessing which 

images were d iscriminating best for all types of green vegetation 

cover was required. Initially all images which showed clear, 

visual differentiation of green vegetation from background 

components of soil, plant litt er and dead grass were merged into 

a single file containing 24 channels as shown on Table 7.12 . The 

technique then applied was named Channel Specification Analysis 

(CSA). This selection technique combined visual, green 

vegetation assessments (applied in Ringrose and Matheson, 1987) 

with the requirements for specific chan nel inputs for 

classification (Gong and Howarth, 1990) . 

TABLE 7. 12 MSS bands and band transforms useful in separating 
out green vegetation from background components - King River 

Channel Identif ication 

1 DPC MSS 4 
2 DPC MSS 5 
3 MSS 6 
4 MSS 7 
5 MSS 5/6 
6 MSS 5/7 
7 MSS 6+4 
8 MSS 7+5 
9 MSS 6-4/6+4 . . 

10 MSS 7- 5/7+5 
11 PC2 covariance MSS 4/5, 4/6 
12 PC2 correlation MSS 4/5, 4/6 
13 PCl covariance MSS 5/6, 5/7 
14 PC1 correlation MSS 5/6 , 6/7 
15 PC2 covariance MSS 4/5 , 4/7 
16 Ta sselled cap b rightness 
17 PC1 covariance MSS 4, 5 I 6 I 7 
18 PC2 covariance MSS 4 , 5, 6, 7 
1 9 PC1 correlation MSS 4, 5, 6 , 7 
20 PC2 correlation MSS 4 , 5 , 6,7 
21 PC1 covariance MSS 6+4 , 7+5 
22 PC1 correlation MSS 6+4, 7+5 
23 PC1 covariance MSS 6-4/6+4 , 7 - 5/7+5 
24 PC1 correlat ion MSS 6-4/6+4, 7- 5/7+5 

For King River CSA r equir ed the input of twenty, f i eld based 
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training sites identified on a colour composite derived from MSS 

4, MSS 5 and MSS 7 in the merge file (Table 7.12). Mean pixel 

values of the field sites were obtained from signature file data. 

Mean values for all channels were transferred into a statView 11 

file (Abacus Concepts, Inc., 1987). Mean values of field data 

and total percent green vegetation cover were also entered 

(Appendix II) . Analysis of variance of regression was applied to 

identify which channels contained predictive data on total green 

vegetation cover. 

Radiance values of bands and transforms were input as 

dependent variables while green vegetation, field derived data 

was input as the independent variables. Results showed the 

following transforms correlated best with ground truth data: DPC 

MSS 5 (r=0.77 , p=<0 .0001), MSS 7-5/7+5 ( r=0. 74, p =0 .0003), PC1 

covariance MSS 6-4/6+4, 7-5/7+5 (r=0.72, p=0.0005) , - and MSS 7+5 

(r=0 .72, p=0. 0005). The regression equations are shown on Table 

7.13. 

TABLE 7.13 Ranked regression equations predicting total green 
cover - King River 

DPC MSS 5 = -0.305 tgc + 35 .892 
MSS 7-5/7+5 = 0.303 tgc + 50.036 
PC1 covariance MSS 6-4/6+4, 7-5/7+5 = 1.094 tgc + 76.767 
MSS 7+5 = -0. 527 tgc + 121 .624 

where: tgc= total green cover 

Whereas density sliced data from Botswana previously used MSS 

5 to predict vegetation cover in savanna environments (Ringrose 

and Matheson, 1987) . Certain transforms in Table 7.12, 

particularly those using MSS 4 and MSS 6 are innovative in terms 

of total green cover prediction. The data from transforms were 

isolated into a new merge file for classification. 

7.5.4 Classification 

Nine areas of specific vegetation reflectance types and three 

non-vegetated areas were chosen as the basis for training sites. 

These comprised four areas of highly NIR reflective vegetation, 

two areas of partially darkened vegetation, three areas of 

darkened vegetation, two areas which were known to contain bare 
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soil and one area of burnt land. Although radiometer data showed 

more NIR reflective species and fewer darkened species for the 

King River region, an overall breakdown on the colour composite 

showed that these types were more equally represented spatially. 

Care was taken to define the training sites within homogeneous 

areas of each type. Between three and five training polygons 

were chosen for each class to ensure that the training data were 

representative of the variation in cover types present. 

Signature statist ics obtained from training sites were used in 

the decision algorithms to classify the whole image into selected 

classes based on similar spectral signatures . Parallelepiped, 

minimum distance to means and maximum likelihood classifiers were 

applied. 

The parallelepiped classifier was run without further analyst 

inputs. The image created had poor feature separation. 

Classification statistics showed that twelve training sites were 

input, but only eight classes resulted, with 0.42% of the pixels 

unclassified. Classes 4, 5, 6 and 7 attracted zero pixels and 

71.34% of the data fell in class 12. Cumulatively only 2.73% of 

the data were found within classes 1, 2 , 3 and 8. This 

c lassification technique was therefore considered of no further 

use. Minimum distance to means classifiers were applied using 

different standard deviation inputs. The best result was 

achieved using a standard deviation of 8. 0. Twelve classes 

resulted with zero unidentified pixels. Classes 7, 9 and 11 

contained 56.55 % of the data with most of the remaining classes 

containing less than 10%. Even after applying a number of 

smoothing filters (Lillesand and Kiefer, 1987) the distribution 

of the classified areas remained heterogeneous and was 

inconsistent relative to known ground features. This technique 

was therefore considered of no further use . 

When maximum likelihood classifiers were applied a number of 

options were available to ensure classes were homogeneous. 

Separate standard deviation values were input to control the 

extent in multi-dimensional spectral space covered by each class. 

Best results were from standard deviations which varied from 2 . 0 

to 24. o. A further option entailed the setting of a priori 

probabilities to emphasise the likelihood of occurrence of 

certain classes. All classes were set with a probability of 1.0 
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as each had an equal probability of occurrence (Lillesand and 

Kiefer, 1987). The classified image showed a close similarity to 

known vegetation classes. A 3x3 filter failed to homogenise the 

results satisfactorily so a 5x5 filter was applied (Plate 7.4) 

with acceptable results. Twelve classes resulted with no 

unclassified pixels. Percent land cover of the classes and the 

number of pixels defined in each class are shown on Table 7.14. 

TABLE 7.14 Final classification results - maximum likelihood 
classifier - King River 

Class Number of ~ 
0 land land cover 

pixels cover in km2 

Un-classified 0 0.00 0.00 
Class 1 7293 2.97 33 . 26 
Class 2 18524 7.54 84.49 
Class 3 13148 5.35 59 . 92 
Class 4 18170 7.39 82.77 
Class 5 13998 5.70 63.84 
Class 6 10565 4.30 48.16 
Class 7 40523 16.49 184.69 
Class 8 1806 0.73 8.18 
Class 9 34468 14.03 157.14 
Class 10 12644 5 . 14 57.57 
Class 11 44399 18.07 202.38 
Class 12 30222 12 . 30 137 . 76 

The classification derived from the transforms in Table 

7 .13 was used as the final class interpretation (Table 7.15). 

Plate 7 . 4 shows the classified image. Using the biophysical 

regions defined on Figure 5.1 (located in back pocket), aerial 

photographs and field work data , the major vegetation types and 

the soil/dead herbaceous cover backgrounds present in the classes 

were identified and recorded as Table 7.15 . Dominant species 

types and vegetation cover percentages occurring in each of the 

classes are indicated although some generalisation resulted. 

Where possible darkening, partial darkening and NIR species, as 

determined from radiometer results, were included provided the 

appropriate backgrounds occurred in the relevant class. Where 

possible these were verified in the field during the assessment 

o f class accuracy (Figure 7 . 8a, located in back pocket). 
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Plate 7.4 Final class ified maximum like l ihood image 
with xS boxcar filter, King River. 
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TABLE 7.15 Interpretation of Classes derived from Maximum 
Likelihood Classifier - King River 

Description 

1 Class 1 was dark blue on the classified image and black 
to very dark red on the colour composite of MSS 4, 5 and 
7. It represented new burn scars evident mainly in the 
north-east and north-west. 

2 Class 2 represented part of Biophysical Unit II and IIIB 
(Chapter 5) . It was green on the classified image and 
bright blue-gray on the colour c omposite. It consisted 
of dissected terrain with mixed vegetation cover . The 
species mix included mainly Erythrophle um c hlorosta chys, 
Eucalyptus papuana, Petalostigrna spo. and Acacia shirle yi 
(darkening species) . Green canopy cover was 3 3 .1%, live 
herbaceous cover was 9 . 3% and dead herbaceous cover was 

19.1%. The major soils present were gravels (5YR 5/4 
reddish brown, 7.5YR 6/4 light brown, 7 . 5YR 7/6 reddish 
yellow) and silt (5YR 5/6 yellowish red) . 

3 Class 3 is represented as blue- gray on the classifed 
image and browny red on the colour composite. The class 
represented parts of biophysical units I, IIA, VIA, VIB 
and VIC. Along rivers, clay draped fluvial features and 
sandy, loamy levees were characteristic with Eucalyptus 
papuana the most common species. In other areas 

Eucalyptus foelscheana and Erythrophleum chlorostachys 
(partial darkening species) were the major species. The 
class included tributary infills, present day fl~laU6; 
and moderately dense vegetation in the south-east pla~u 
area . The total green canopy cover averaged 21.8%, the 

live herbaceous cover was 9 . 8% and the dead herbaceous 
cover was 18% . Sand ( 5YR 4/ 4 reddish brown) , g r a v e l 
(7 . 5YR 4/4 brown) and silty-clay (5YR 5/6 yellowish red) 
were typical of this class. 

4 Class 4 was dark red on the classified image and was pinky 
purple on the colour composite image. Areas of denser 
vegetation in the central limestone basin with bare 
limestone (2 . 5YR 6/2 light grayish brown) in biophysical 
unit IV and small parts of units IIA and IIIA were typical 
of the class. Eucalyptus patellaris, Eucalyptus 
tectifica (NIR species) , Erythrophleum chlorostachys 
(partial darkening species) and Croton arnhemicus (NIR 
species) formed the dominant canopy layer. Sandy soil 
(2 .5YR 4/4 reddish brown) and silt incrustations (5YR 
2 . 5/1 black) were evident along with limestone outcrops. 

Green canopy cover averaged 27.1%, live herbaceous 
cover was 10 . 67% and dead herbaceous cover was 43 . 6 4%. 

5 On the classified image class 5 was cerise . It was 
yellowy pink on the colour composite . Biophysical unit 
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I V and part s of IIIA and IIIB were depicted . Less 
densely vegetated areas of the limestone basin were 
present with a thicker herbaceous cover than in class 
4 . The major species were Eucalyptus setosa and 
Eucalyptus tetrodonta. Low, gentle slopes of thin, 
sandy soil (5YR 4/1 dark red, 2.5YR 4/4 reddish brown, 
7 . 5YR 6/6 yellowish red) were underlain by partially 
exposed limestone bedrock (2. 5YR 4/4 reddish brown). 
Total green canopy cover was 16.4%, live herbaceous 
cov er was 14.3% and dead herbaceous cover was 20.8%. 

6 The class was orangey brown on the classified image and 
gray on the colour composite . It represented part of 
biophysical unit IIIA. Eucalyptus tectif ica and 
Terminalia so_p . (partial darkening species) were the 
major canopy species present. Typical of the class 
were exposed silty areas, eroded silty areas and 
lateritic gravel with some darkened vegetation . Silt 
(7. 5YR 6/6 reddish brown) was exposed in the erosion 
channels with silt (2.5YR 6/ 2 light brownish gray) 
elsewhere . Green canopy cover was 20%, . live herbaceous 
cover was 7 . 8% and dead herbaceous cover was 26.5%. 

7 Class 7 was pale pinky gray on the classified image and 
pale pink on the colour composite. It represented 
parts of biophysical units II, IIIA and VB. The land 
consisted of moderately to densely, woody vegetated 
areas around rivers . The main species forming the 
canopy layer were Eucalvotus foelscheana, ~ 

tetrodonta, E. miniata, E. latifo lia and Erythrophleum 
chlorostachys with Petalostigma spo . and Ampelocissus 
acetosa as a shrub layer. Weathered sandstone and 
sheetwash erosion on eroded sand plains were evident . 
Sand (2 . 5YR 5/6 red, 7.5YR 8/4 pink) and silt (7.5YR 
6/0 gray) were the most common soils. Green canopy 
cover was 46.1%, live herbaceous cover was 8. 0% and 
dead herbaceous cover was 15.8%. 

8 Class8 wa? · dark gray on the. classified image and greeny 
gray on the ·colour composite . Class 8 r epresented 
exposed, red, loamy soil and was mainly restricted to 
cultivated or cleared areas classified as F (fields) on 
t h e image . 

9 Class 9 was bright blue on the classified image and red 
on the colour composite. It included gently undulating 
s i lty- sand plains with minor erosion. A dense green 
canopy layer was present ( 60%) with 4. 4% live 
herbaceous cover and a low 3 . 7% dead herbaceous cover. 
P l anchonia careya and Eryrthophleum chlorostachys and 
Eucalyptus miniata formed the major canopy species. 
Sand (5YR 5/6 yellowish red) and silty- sand (5YR 5/3 
reddish brown) were soils typical of the class. 

10 Th e classified image showed class 10 as yell owy· gr een 
while the colour on the colour composite was bright 
y e l low. It was mapped as sandy fields arid sandy er,oded 
a r eas of units F, II, IIA and IIIB. 
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11 Class 11 was light blue on the classified image and 
orangey yellow on the colour composite. It represented 
the areas peripheral to the limestone basin within 
biophysical units II, IV and VA and the upper river 
terraces of unit VIA. The major canopy cover species 
were Eucalyptus foelscheana, E. tectifica, E. clavigera 
and Erythrophleum chlorostachys (partial darkening 
species). The green canopy cover was 30.5%, live 
herbaceous cover was 12 % and the dead herbaceous cover 
was 28.7%. Sand (5YR 5/3 reddish brown, 2.5YR 4/ 4 
red), ironstone gravel plains (2.5YR 4/4 reddish brown) 
and minor silt (5YR 5/6 yellowish red) were 
characteristic of the class soils. This was the 
largest class with a total land cover of 18.07%. 

12 Class 12 was red on the classified image and pink on 
the colour composite. It represented the most densely 
vegetated region of the limestone basin, river terraces 
and sandplains. Dominant canopy cover included 
Eucalyptus foelscheana, E. miniata, t. tetrodonta and 
Erythrophleum chlorostachys. Gr:een canopy cover was 
32.1%, live herbaceous cover was 19.8% and dead 
herbaceous cover was 21.8%. Some sheetwash erosion was 
evident. The major soils were sand (5YR 6/ 3 light 
reddish brown) and silt (5YR 4/1 dark gray) with gravel 
in the areas of sheetwash erosion (5YR 5/6 yellowish 
red) a nd minor exposed limestone. 

The classes represented four NIR reflective types ( 4, 

7 , 9 and 12) which comprised 50.2% of the area, two partially 

darkened types (classes 3 and 5) which comprised 11.05% of the 

area and thr ee darkened types (classes 2, 6 and 11) which 

comprised 

h ighest 

29.9% of the area.· As expected areas with 

NIR ~efl~ctance . . (brightness reds) have 

the 

the 

highest/densest vegetation cover. In this case the red areas 

represented an average total green vegetation cover of 52 .1%. 

The partially darkened areas had a cover of 31.2%, and the 

darkened areas had a cover of 37 . 6%. Therefore, while areas 

with high NIR reflectance in King River represented areas of 

greatest green canopy density this extends across a range of 

gree n cover from 37.8% (class 4) to 64.4% (class 9). The range 

for the darkened classes spans 27.8% to 42.7%. In terms of 

total green vegetation cover, the classes thought to be 

attributable to partial darkening may more realistically belong 

to darkening classes . 

7.5.5 Classification accuracy 
Prior to classification 341 points were identified, 
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on random stratified sampling and located in the field (Section 

7.4.5). Field data included species abundance and percent cover 

data based on rapid visual assessments. The locations and their 

data content were developed into scores which formed the basis of 

assumed true pixels within each class. A contingency table was 

produced for King River to assess overall classification accuracy 

and individual class accuracy (Table 7.16). Within the table, 

errors of omission and commission were recorded for each class 

(Section 7.4.5) . 

Classes 6 and 8 had no errors of omission. The largest 

error of omission was found in class 10 with 30.8% of the pixels 

assigned to class 2. Class 10 depicted bare, sandy fields and 

sandy, eroded areas. Class 2 showed a total green vegetation 

cover of 42% on dissected terrain. Eroded areas in the south-

west were also included in this class. It appeared that the 

eroded areas of class 2 may have been misclassified since class 

10 also had eroded areas. Class 12 showed 27 . 3 5% errors of 

omission. Class 12 represented the most densely vegetated areas 

of the limestone basin, river terraces and sandplains with a dead 

herbaceous cover of 22% (mainly dead grass). Most of the pixels 

were wrongly assigned to class 4, which represented moderately 

densely vegetated areas of the limestone basin with a dead 

herbaceous cover of 44% (mainly dead grass). Misclassification 

may have been due to the presence of limestone areas and dead 

grass as background components in both classes, 

From Table 7. 16 classes 3, 5 and 8 had no errors of 

commission. The largest error of commission was found in class 

4 where 4 of the 18 pixels assigned to class 4 really belonged to 

class 12 as shown above . Although class 6 had no errors of 

ommission 27.3% of the pixels were wrongly assigned to class 6. 

These should have been allocated to class 2. Class 6 was 

typified by a green vegetation cover of 28% over silt, gravel and 

27% dead herbaceous cover (mainly dead grass). Exposed silty 

areas and eroded silty areas were characteristic of class 6. 

Class 2, although having a green vegetation cover of 42%, also 

had eroded areas and 19% dead herbaceous cover suggesting that 

misclassification may have resulted from the presence of eroded 

areas dead grass as background components in both classes. Class 

7 showed a commission error of 26.7%, most of which should have 
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TABLE 7.16 
River 

Contingency table for classification - King 

Cl 1 2 3 4 5 6 7 8 9 10 11 12 Tot OE CE Accuracy 

1 49 1 50 2.0 4. 0 98. 0 
2 1 29 3 1 34 14 . 7 17 . 6 85.3 
3 37 1 3 41 9.8 0 90.2 
4 16 2 18 11 .1 38.9 88.9 
5 2 50 5 57 12.3 0 87.7 
6 11 11 0 27.3 100 
7 1 14 15 6.7 26.7 93.3 
8 6 6 0 0 100 
9 3 30 33 9.1 9. 1 90.9 

10 4 9 13 30 . 8 7.7 69.2 
11 1 28 1 30 6 . 7 3 . 3 9 3 .3 
12 1 4 1 1 26 33 27 . 3 27 . 3 78.8 
T 5 1 35 37 23 so 14 18 6 33 10 29 35 34 1 

Overall accuracy ::: 305/341 ::: 89.4% 

where: Cl = Cl a ss 
Tot = Assumed true number o f pixels 

OE = Errors of omiss ion 
CE = Errors of commiss i o n 

T = Number of pixels fou nd within t est sites on 
c l a ssifi c ation map 

Diago nal e lements = the numbe r of pixe ls correc t l y 
c lass ified . 

rv 
0 
(X) 
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been assigned to class 9. Class 7 consisted of moderately to 

densely, wooded, areas around rivers, over sandy and silty soils. 

Class 9 depicted a dense canopy layer over sandy and silty soils. 

The presence of sandy, silty soil background in both classes may 

have caused the misclassification. Class 12 showed that 27.3% of 

the pixels should have been assigned elsewhere. Most should have 

been allocated to class 5. While class 12 depicted most densely 

vegetated areas of the limestone basin, class 5 depicted less 

densely vegetated areas of the limestone area. Both classes had 

about 20% dead herbaceous cover (mainly dead grass) . Again this 

suggested misclassification due to limestone and dead grass 

present as background components in both classes. Assessment of 

the errors of omission and commission errors suggested that 

coincident background soil types or the presence of erosion 

features may have contributed to the errors of ommission and 

commission for different vegetation cover. The high incidence of 

dead grass as a background component in many classes may also 

have contributed to species inseparability . 

7 . 6 IMAGE PROCESSING RESULTS - STUDY REGION 2, Barkly. 

7.6.1 Analysis of the dark pixel corrected image 

The dark pixel corrected image (Section 7.1.3) for Barkly 

was displayed and the main features revealed in the single bands 

were noted. MSS 4 revealed good definition of open grassland 

areas in the north as they appeared very bright. · North-east 

trending linear patterns were evident south of the majur highway 

(Figure 5.3 l ocated in back pocket for clarification). These 

were not visible on the ground however, and neither the 

vegetation and/or soil appeared to suggest a linear pattern. 

Overall contrast in the this area was poor. The Barkly Highway 

was well defined. A marked vegetation contrast appeared east and 

west of the Tablelands Highway. Acacia georginae stands looked 

very dark on the image and were clearly demarcated. The airstrip 

and buildings in the vicinity of the central road junction were 

highly reflective. On MSS 5 d·efinition within the northern 

grasslands was lost but more vegetation was evident in the south. 

Ovoid, textural detail occurred in calcrete areas. The Acacia 

georginae stands and pisolithic pits appeared dark in contrast to 

the highly reflective airstrip and buildings. The infrared bands 
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revealed similar informat ion although vegetation appeared better 

differentiated in MSS 7. The main roads were clearly evident in 

MSS 6 and MSS 7. An assessment o f the vegetat i on revealed that 

in all four channels the vegetation was mostly darker than soil 

background. Some highly reflective vegetation was als o apparent 

between the calcrete ridges and the linear features . A colour 

composite of MSS 4, MSS 5 and MSS 7 in 640x480 - 256 colour 

showed darkening on the linear features in the south (Plate 7.5} 

and in the Acacia georginae stands (Plate 7.6). The grasslands 

of yellow senesced grass in the north appeared bluish on the 

image while bare soil looked green. 

Statistics for the DPC image showed that the mean percent 

reflectance was lowest on MSS 4 and highest in MSS 6 {Table 

7.17). The greatest data range was available in MSS 5. Most 

data were therefore available in MSS 5. 

TABLE 7.17 General statistics for DPC corrected image - Barkly 

Band Min Max Mean Std.dev. Variance 

MSS 4 0 76 18.72 5 . 59 31.16 
MSS 5 0 1 08 35.94 8.24 67.96 
MSS 6 0 99 37.26 6.24 38.98 
MSS 7 0 76 29.74 4.94 24.40 

As a result of linear regressions applied to the MSS 

bands a correlation matrix was produced (Table 7.18) .. Whereas 

radiometer results showed a high correlation between each band, 

only MSS 4 and MSS 5; MSS 5 and MSS 6; and MSS 6 and MSS 7 were 

highly correlated. 

TABLE 7.18 Correlation matrix for DPC image - Barkly 

Band MSS 4 MSS 5 MSS 6 MSS 7 

MSS 4 1.00 
MSS 5 0.70 1. 00 
MSS 6 0 . 54 0.74 1. 00 
MSS 7 0.50 0.64 0.82 1. 00 

Twelve scatterplots were drawn for single bands against 



Plate 7.5 MSS 4, 5 and 7 colour composite of 
the dark pixel corrected image, Barkly. 
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Plate 7.6 MSS 4, 5 and 7 colour composite of 
the dark pixel corrected image, zoomed into the 
northern calcrete ridges and Acacia georginae, 
Barkly . 
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each other to determine whether a soil-line could be defined 

and where green vegetation components lay in a two band plot. 

The scatterplots all showed data closely clustered except for 

MSS 4 on MSS 5 (Figure 7.9), and MSS 4 on MSS 6 (Figure 7.10 ). 

These Figures suggested groupings based on an association 

between clusters i n feature space in relation to obtaining 

relevant digital data from field locations. A general plot of 

digital data for all twenty field sites is shown as Figure 

7.11. Location 21 is an ironstone gravel exposure and locatio n 

22 is a pure stand of Acacia georginae. Very little separation 

in terms of the major physiographic regions is noted. The 

strong dip in the NIR is due to the predominence of relatively 

dense darkening species in Barkly. 

7.6.2 Band ratios, band transforms and vegetation indices 

An attempt was made to determi ne whether vegetation could be 

separated from the soil by using band ratios a nd estab lished 

vegetation indices. Background to ratios and vegetation 

indices is found in Chapter 2. The radiometer results showed 

that band ratios correlated well with soil related variables 

but that soil mostly dominated the reflectance. The ratios 

shown in Table 7.19 were created from the DPC data. Vegetation 

visually was best discriminated from soil on MSS 7 j 5 and MSS 

4/5. These two ratios were retained for further use. 

The band ratios were cross plotted ~n all available 

combinations ( 66 plots), as for King River. · These typically 

showed clustering of data points with no obvious separation of 

specific features within the data structure. The images showed 

little visual differentiation between green vegetation and soil 

and were considered of no further use. 

Since radiometer results showed that vegetation correlated 

well with MSS 7-5, subtractive and additive images were 

produced. Gain and offset values for each channel were varied 

to produce a suitable dynamic range. Appropriate scale factors 

were attained as shown for the band transforms MSS 7-5 (5,30), 

MSS 6-4 (5,10), MSS 7+5 (1, 5) and MSS 6+4 (1,10). The MSS 7-5 

image showed darkened vegetation appearing light while MSS 7+5 

showed darkened vegetation appearing dark. 

cover was not identifiable in the south. 

Green vegetation 
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where: 
a = Acacia qeorginae (scattered) 

over pisolithic gravel 
b = Acacia georginae (monospecific 

stands) 
c = ironstone gravel 2.5YR 4/4-4/6 red 
d = dense darkened vegetation over 

2.5YR 4/6 red 
e = darkened vegetation over 2 . 5YR 

5/6 red (~ = cover increase) 
f = darkened vegetation over 2.5YR 

4/6 red c~ = cover increase) 
g = 2.5YR 5/6 red 

Figure 7.9 Crossplot of MSS 4/MSS 5 s howing the 
outline of the main body of data, interpretative 
clusters and soil-line, Barkly . 
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MSS band 4 

whe re : 
a = Acacia georginae (scattered) 

over pisolithic gravel 
b = Acacia georgi nae (monospecific 

stands) 
c = ironstone gravel 2.5YR 4/ 4 - 4/6 red 
d = dense darkened vegetation over 

2.5YR 4/6 red 
e = darkened vegeta t ion over 2.5YR 

5/6 red (f- = c over increas e) 
f = darkened vegeta t ion over 2.5YR 

4/6 red ( r-- = cover increase) 
g = 2.5YR 5/6 red 

Figure 7.10 Crossplot of MSS 4/MSS 6 showing the 
outline of the main body of data, i nterpretative 
cluster s and soil-line, Ba rkly. 
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Figu re 7.11 Spectral curves from field sites (1-20) 
in Barkly on Landsat MSS showing marked decrease in 
reflect ance in reflectance in the near infrared 
bands. Curve 21 = ironstone gravel . Curve 22 = 
Acacia georginae . 
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TABLE 7.19 Summary of band ratio statistics - Barkly 

Band Min Max Mean Std.dev. Variance 
ratio 

4/ 5 0 254 77.74 13.63 185.88 
4/6 0 254 74 . 79 15.06 226 . 95 
4/7 0 254 123.24 13.10 171.59 
5/6 0 254 90.07 17. 35 300.87 
5/7 0 254 141.08 14.97 224.22 
6/7 0 254 144.98 8.19 67.07 
5/4 0 254 176.31 13.64 186 . 19 
6/4 0 254 179 .26 15 . 08 227.30 
7/4 0 254 130.84 13.10 171.74 
6/5 0 254 163.99 17.35 301.18 
7/5 0 254 112.99 14.97 22 4. 25 
7/6 0 254 109.09 8.18 66.97 

was not identifiable in the south. The MSS 6- 4 image showed 

vegetation dark wi t h good contrast apparent between green 

vegetation and soil. MSS 6+4 revealed similar informat i on to MSS 

7+5 . From these transforms ratio images MSS 7 - 5/7+5 (us ing scale 

factors 1,30), and MSS 6- 4/6+4 (1,30) were produced . In MSS 7 -

5/7+5, green vegetation appeared l i ght and contrasted well with 

darker soi l s. MSS 6-4/6+4 also showed green vegetation 

d iscrimination . Scatterplots of these ratios revealed data 

clustering but no definate green vegetation axes were def ined. 

These data were no t u sed for DPCA . MSS 7 - 5, MSS 6-4, MSS 7~5/7+5 

and MSS 6- 4/6+4 data were retained for furthe r use since they 

contained visually definable green vegetation data . 

The Tasselled cap transform was applied using DPC 

corr ected data . The brightness image showed little green 

veget a tion and soil differentiation . No green vegetation 

information was detectable on the greenness and wetnes s images. 

Three c r oss plots were produced showing brightness on greenness, 

b r i ghtness on wetness and greenness on wetness . In Barkly, the 

p l anes of v egetation and soils were not well defined . The 

t ransforms were not used during classification procedures. 

7.6.3 Principal Components Analysis 

Principal Components Analysis was run on all four 

c h annels of t he DPC image since they visually showed green 
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vegetation discrimination. The matrices of eigenvectors 

(covariance a nd correlat i on) are shown on Table 7.20. Factor 

loadings for PCl (covariance) showed most information on MSS 5. 

The data on PC2 was equally distributed between MSS 4, MSS 6 and 

MSS 7 with negative loadings on the visible bands. On PC3 the 

visible bands contained most data while PC4 contained most data 

in the infrared. Principal component 1 and PC2 compr i sed above 

90% of the data. The correlation eigenvec tors showed fairly 

equal distribution of data throughout the bands in PC1 but with 

weighting biased towards MSS 6 . MSS 4 contained the greatest 

loading in PC2. Both MSS 4 and 5 showed a negative factor 

loading in PC2. Principal compone nts 1 and 2 containe d 89 % of 

the data variance. The visible bands had the greate st loading in 

PC3 and the NIR bands the greatest loading in PC4. 

TABLE 7. 2 0 Matrices of Eigenvectors - Covariance and Correlation 
using DPC inputs for Barkly 

Matrix of Eigenvectors (Covariance} 

Band PCl PC2 PC3 PC4 

MSS 4 0.3873 -0.5359 0.7460 -0.0797 
MSS 5 0 . 6956 -0.3614 -0. 6066 0.1324 
MSS 6 0.4912 0.5671 0.0823 -0.6560 
MSS 7 0.3533 0.5106 0.2622 0.7388 

Associated eigenvalues and % variances 

Eigenvalue 
Variance 

PC1 
125 . 9880 

77.5353 

PC2 
19.7570 
12.1588 

PC3 
11.7755 

7.2469 

PC4 
4.9707 

3.0590 

Matrix of Eigenvector (Correlation) 

Band PC1 PC2 PC3 PC4 

MSS 4 0.4544 -0.7253 -0.4979 -0.1400 
MSS 5 0 . 5175 -0.2493 0.7332 0.3641 
MSS 6 0 . 5253 0.3834 0.1312 -0 . 7482 
MSS 7 0 . 4998 0 . 5146 -0 . 4443 0.5637 

Associated eigenvalues and % variances 

Eigenvalue 
Variance 

PC1 
2 . 9823 

74 . 5573 

PC2 
0 . 5982 

14.9559 

PC3 
0.2683 
6.7074 

PC4 
0.1512 
3.7794 
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When displayed the PCl covariance image revealed topographical 

detail in the calcrete outcrop area. The northern grasslands 

appeared bright and contrast between denser vegetation wes t of 

the Tablelands highway, and less dense vegetation to the east was 

evident. Linear features in the south showed darkened 

vegetation . Acacia georginae stands in the north were dark. 

Contrast between vegetation and soil in the southern area was 

good on PC2. Again Acacia georginae appeared dark. Grasslands 

in the north appeared bright in contrast to surrounding soils in 

PC3 . The image from PC4 covariance data proved to contain no 

useful information. The image from PCl correlation data s howed 

topographic detail in the calcrete area but vegetation was not 

.well differentiated from soil. Generally .. there was poor 

vegetation detail from PC2 correlation data. Hummocky terrain in 

the north-east was well defined with no ev idence of calcrete 

areas. The calcrete areas were clearly shown in PC3 but 

vegetation was not evident. The image from PC4 data was noisy 

with little information content. The data from PCl, PC2 and PCJ 

covariance matrices were retained for further use. 

Principal Components Analysis was run on the ratios MSS 4/5 

and MSS 7/5 since these showed visual separat ion of green 

vegetation cover from soil. Table 7. 21 shows the matrix of 

eigenvectors for covariance and correlation. For PCl covariance 

most data was found in MSS 7/5 while MSS 4/5 had great~r loading 

on PC2. Principal component 1 contained 64% of the data. The 

factor loadings for PCl and PC2 correlation were all evenly 

weighted with PCl containing 64% of the variance. When the 

images were displayed useful information regarding green 

vegetation and soil discrimination was found on PCl and PC2 data 

from the correlation matrix . These were retained for further 

use. 

Principal Components Analysis was run on the subtractive images 

MSS 7-5 and MSS 6-4 and on the additive images MSS 7+4 and 6+4 

since these had revealed vegetation detail (Section 7. 6. 2) . 

Table 7.22 shows the eigenvectors using both the covariance and 

correlation matrices as input values. 
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TABLE 7 • 21 Matrices of Eigenvectors - Covariance and correlation 
using r atio inputs for Barkly 

Matrix of Eigenvectors (Covariance) 

Band 
ratio 
MSS 4/5 
MSS 7/5 

PC1 

0.5809 
0.8140 

PC2 

0.8140 
-0. 5809 

Associated eigenvalues and % variance 

Eigenvalue 
Variance 

PC1 PC2 

264.0536 146.0790 
64 . 3825 35.6175 

Matrix of Eigenvectors (Correlation) 

Channel 

MSS 4/5 
MSS 7/5 

PC1 

0.7071 
0.7071 

PC2 

-0. 7071 
0.7071 

Associated eigenvalues and % variance 

Eigenvalue 
Variance 

PC1 
1.2732 

63.6607 

PC2 
0.7268 

36.3393 

PC1 results for covariance inputs showed most 

information on MSS 7-5. In PC2, MSS 6-4 contained most 

information. PC3 revealed most detail on MSS 7+5 while PC4 

showed almost equal factor loadings on MSS 7+5 and MSS 6+4. PCl 

and PC2 contained 94.2% of the variance in the data. The two 

additive images were almost equally negatively loaded in PC1 

correlation. In PC2 most information was o n MSS 6-4 . Principal 

components 1 and 2 contained 91.2% of the variance in the data. 

MSS 7-5 contained most information in PC3 while MSS 6+4 had the 

greatest loading in PC4. 

When the images were displayed none of the covariance 

images showed green vegetation discrimination from soil. PC2 

covariance revealed most detail in the southern linear feature 

area but it was hard to differentiate green vegetation from soil. 

The PCl correlation image showed contrast between darkened 
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vegetation which appeared bright and soil. Other vegeta tion 

appeared dark relative t o surrounding soils. Contrast between 

vegetation cover east and west of the Tablelands Highway was 

particularly marked. In the southern linear feature area 

vegetation was clearly defined . The remaining images created 

from the correlation matrix showed poor green vegetation and soil 

discrimination. 

for further use. 

Data from PC1 cor relation matrix was retained 

TABLE 7.2 2 Matrix o f Eigenvectors - Covariance and Correlation 
u sing s ubtractive and additive inputs for Barkly 

Matrix of Eigenvectors (Covariance) 

Band PCl PC2 PC3 PC4 
transform 
MSS 7- 5 0.9160 - 0.1048 0.3837 0 . 0526 
MSS 7+5 0.2125 0 . 2085 0.6590 - 0.6907 
MSS 6-4 0 . 2251 0 . 9332 - 0.2755 - 0 . 0504 
MSS 6+4 - 0.2552 0.2732 0.5853 0 . 7194 

Associated eigenvalues and % variances 

PC1 PC2 PC3 PC4 

Eige nvalue 1173 . 6470 84 4. 1456 122.1041 3 . 1004 
Variance 54.7666 39 . 3909 5.6978 0.14 47 

Matrix of Eige nvectors (Correlation) 

Band 
transform 
MSS 7-5 
MSS 7+5 
MSS 6-4 
MSS 6+4 

0.4641 
-0.6029 

PC1 

- 0.1880 
-0 . 6211 

0.5032 
0.0414 
0.8599 
0.0754 

PC2 

0 . 7161 
0 . 4823 

-0.4604 
0 . 2063 

PC3 

Associated eigenvalues a nd % variance s 

0. 1 363 
- 0.6341 
-0.1152 

0.7523 

PC4 

Eigenvalue 
Var iance 

PC1 
2. 5 121 

62.8032 

PC2 
1.1365 0. 3330 

28.41.25 8.3247 

PC3 
0.0184 
0.4596 

7 . 6 . 4 Classificatio n 

PC4 

Channel Specification Analysis (CSA} techni ques were 

used to determine the images/channels to be used in the final 

classification . Analysis of varia nce of regression was a pplied 
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to the images which visually separat ed out green veget ation from 

soi l against measured green vegetation data from field work 

sites . This was the same t echn i que as for King River (Sect ion 

7.5 . 4). One image file was developed containing 15 channels as 

shown on Table 7 . 23 . 

TABLE 7. 23 MSS band transforms and bands useful in separating 
out green v eget ation from background components - Bar kly 

Channel Identification 

1 DPC MSS 4 
2 DPC MSS 5 
3 DPC MSS 7 
4 DPC MSS 4/5 
5 DPC MSS 7/5 
6 PC1 correlation MSS 4/5,7/5 
7 PC2 correlation MSS 4/5,7/5 
8 MSS 7 - 5/7+5 
9 MSS 6- 4/6+4 

10 PC1 covariance of DPC MSS 4, 5 and 7 
11 PC2 covariance of DPC MSS 4, 5 and 7 
12 PC3 covariance of DPC MSS 4, 5 and 7 
13 MSS 7 - 5 
14 MSS 6 - 4 
15 PC1 correlation MSS 7- 5, 7+5, 6 - 4, 6+4 

Twenty field b~s-ed 'traini"ng sites were cho's.en on the 

colour composite . image from field locations . St atistics for the 

channels wei~ obtained from the derived signature file. The mean 

values f o r al l c ha nnels were transferred into a StatView 11 file 

(Abacus Concepts Inc ., 1987). Mean values for t ota l green 

vegetation cover of the sites were also entered us i ng reflectance· 

s tatistics from the fie l d work sites (Append ix II) . Analysis of 

variance of regression was carried out. The highest correlations 

wit h total green cover were found in DPC MSS 5 (r=-0 . 94), PC1 

correlation MSS 4/5, 7/5 ( r=-0 . 94) · and PC1 covariance MSS 4, MSS 

5 and MSS 7 (r=- 0. 94) all at p=<0 . 0001 and MSS 7 (r=0 . 89 , 

p=0.0005) and DPC MSS 4 ( r =- 0 . 86, p=0 .0016). Their regression 

equations are shown in Table 7.24 . 
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TABLE 7 . 24 Ranked regression equations predicting total green 
cover - Barkly 

DPC MSS 5 = - 0 . 575 tgc + 57.262 
PCl correlation MSS 4/5 = -1 . 601 tgc + 125 . 963 
PC1 covariance MSS 4, 5 and 7 = - 1.573 tgc + 125.469 
DPC MSS 7 = -0.385 tgc + 42.612 
DPC MSS 4 = -0.610 tgc + 41 . 155 

where: tgc = total green vegetation cover 

Nine areas of specific vegetation groupings were chosen 

as a basis for training sites on the image. These included three 

areas of highly NIR reflective vegetation, five areas .of darkened 

vegetation and one area of partially darkened vegetation . These 

represented species/reflectance types present in the radiometer 

data. Three to five training polygons were selected as being 

representative of each of nine green vegetation cover classes. 

Care was taken to define the training sites visually within 

homogeneous areas in order to obtain the spectral signature of 

that class. Statistics of the signatures derived from the 

training sites were used in decision algorithms to classify the 

whole image into selected classes based on similar spectral 

signatures. 

Supervised classification was carried out by applying 

the three classifiers, parallelepiped, minimum distance to means 

and maximum likelihood for nine classes. Parallelepiped 

classification resulted in poor definition between green 

vegetation classes when compared to aerial photograph data and 

four classes contained zero pixels . This classification was 

considered inappropriate. Minimum distance to means classifiers 

were applied using different standard deviation inputs. The best 

result was achieved using a standard deviation of 6 . 0 when nine 

classes resulted. All pixels were classified and all classes 

wer e represented. Class 4 was the largest containing 27.18% of 

the pixels while class 1 was the smallest with 1. 68% of the 

p ixels. The image was diffuse even after the application of 3x3 

and 5x5 filters . It was also not representative of vegetation 

areas present. The classification was considered of no further 
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use. 

Maximum likelihood c l assifiers were applied using different 

standard deviations . Best r esults were obtained using s tandard 

deviations varying from 2 to 17. The probability was set at 1. 0. 

Maximum likelihood classification derived the best approximation 

to the green vegetation density areas. Statistics for the 

classes are shown i n Table 7.25. A 3x3 boxcar filter was applied 

to t he classified image to reduce speckle . The classes were 

interpreted using field work data, the biophysical regions 

defined on Figure 5. 3 and their interpretation in Chapter 5 , 

(Table 7.26}. Plate 7 .7 depicts the final classified image, 

which represents the main green vegetation cover types. Figure 

7 . 11a (located in back pocket) s hows the final class i fied map. 

Tabl e 7. 2 5 Final classification results - maximum likelihood 
classifier - Barkly 

Class Number of %land Total land 
pixels cover cover in km2 

Un-classified 0 0.00 0.00 
Class 1 5220 2.12 23 . 74 
Class 2 6806 2 . 77 31.02 
Class 3 31314 12.74 142.69 
Class 4 63721 25.93 290 . 42 
Class 5 157 42 6. 41 71. 79 
Class 6 42707 17 .3 8 194.66 
Class 7 13879 5 .65 63 . 28 
Class 8 46084 18.75 210 .·00 
Class 9 20287 8.25 92.40 

TABLE 7. 26 Interpretation of classes deri ved from maximum 
likelihood classifier - Barkly 

Class Des cripti on 

1 Class 1 included areas of biophysical unit IIID and to a 
less er extent areas of VB, vc and I and occurred mainly 
to the north-east of the region. It was dark blue on the 
classified image and blackjvery dark green on the DPC 
colour composite of MSS 4, 5 and 7 . It . represer:ted 
darkened, dense, monospecific s t a nds of Acac~a georg~nae 
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resulting i~ 50- 80% green canopy cover . Large proportions 
of plant l1tter and dead wood were associated with the 
vegetation which overlay mainly undulating calcrete based 
t errain with sandy- silt (2.5YR 5/6 red). Also included 
was exposed gravel of the pisolithic pits in Unit 1. This 
class occupied the smallest area of al l classes. 

2 Biophysica l un i t IV was represented by Class 2. It was 
g reen on the classified image and light mauv e on the DPC 
colour composite . Flat low lying channel features 
comprised of sand, silt and clay- infill were typic ally, 
covered with a uniformly spaced layer of Eucalyptus 
shrubs . 

3 Part of biophysical unit IIIB was represented as Class 3. 
On the classified image it was bluey green and on the DPC 
colour composite was pale green. The major woody specie s 
were Euca l yptus pru i nosa, Ventilago viminalis, Atalaya 
hemiglauca and Cassia helmsii (mainly darkening spec ies) . 
Green canopy cover was 26.6% with a live herbaceous ground 
cover of 3.1%. Characteristic of the area were subdued 
calcrete ridges ( 5YR 7/3 pink) covered by pebbles and 
sandy silt (2 . 5YR 5/6 red). 

4 Class 4 included areas within unit VB and vc. It was 
bright red on the classified image and pinky red on the 
colour composite. The herbaceous ground cover was 13.1%, 
higher than in Classes 1, 2 and 3. Canopy cover was 
23.3% . The major woody plants present were Eucalyptus 
terminalis, Ventilago viminalis, Cassia helmsii, Acacia 
ancistrocarpa, A. lysiohloia, A. hemi glauc a and ~· 
coriacea . These occurred on low lying undul ating terrain 
which formed a featureless surface of sandy silt (2 . 5YR 
4/6-5/6 red) . 

5 More densely vegetated areas within biophysical units IIB 
and VC depicted Class 5 . It was cerise on the classified 
image and bluey gray on the DPC colour composite. Acacia 
ancistrocarpa, A. lysiphloia, A. cor i acea, Capparis 
umbonata, Atalaya herniglauca, Ventilago virninalis, 
Eucalyptus terminalis and Cassia helmsi i were the major 
woody species . Radiometer results showed darkening with 
Acacia coriacea (in all MSS bands), Atalaya hemiglauca (at 
30 and 40% cover) and Cassia sop. (especially in MSS 4, 
MSS 5 and MSS 7) . The combination of a species mix 
causing darkening and a green canopy cover of 22 . 8%, 
resulted in a different hue from other classes on the DPC 
image . Herbaceous ground cover was 7.3 %. Flat, gently 
undulating terrain with low iron stained gravel rises 
(2.5 YR 4/4 reddish brown) with sandy silt depressions 
(2.5YR 4/6- 5/6 red) was typical of the class . 

6 Class 6 was depicted by areas within biophysical units 
IliA and VB . It was orangey b r own on the classified 
i mage and dark green on the colour composite. The canopy 
cover was 25% with an alive herbaceous cover of 5.5%. 
The major woody vegetation types were Acacia coriacae, ~ 
lysiphloia, A. ancistrocarpa, Eucalyptus terminalis, 
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Ventil~go viminali~ and Cr~ton spp., predominantly 
darken~ng and part~al darken~ng species. Depressions 
were filled mainly with silt (2.5YR 4/ 6) and surface sand 
(5YR 5/6 yellowish red) plus some iron stained gravel 
rises (2.5YR 4/4 reddish brown). 

7 Areas within biophysical units VB and I were represented 
in Class 7. It was pale pinky gray on the classified 
image and very dark red on the colour composite . Green 
canopy cover was 49.4 % with Acacia multisiligua, Acac ia 
coriacea and Ventilago viminalis as major species. Live 
herbaceous cover was 6.9%. Class 7 mainly depicted more 
densely vegetated areas of the southern plains with silty 
(2.5YR 4/6-5/6 red) soils. Minor gravel was also present 
(2 . 5YR 4/4 reddish brown). 

8 Class 8 depicted biophysical units IIA, IIIA, VB and to 
a lesser degree unit VC. It was dark gray on the 
~lassified image and bright green on the colour 
composite. An open canopy _was forl!led by the major 
species Acacia ancistrocarpa, A. l ys ipnloia, A. cor iacea, 
Capparis umbonata, Atalaya hemigl a uca, Ventilago 
viminalis, Eucalyptus terminalis and Cassia helmsii. 
Green canopy cover was 24.5% with sparse ground cover. 
A. coriacea, A. hemiglauca., V. viminalis, E. terminalis 
and Cassia spp. were all darkened species as identified 
by radiometer results. More darkened species 
characterised Class 8 than Class 3 . The vegetation 
overlay calcrete and exposed calcrete (10YR 8/2 white). 
Some of the calcrete appeared laterised (2 . 5YR 5/6 red) . 
Sandy silt occurred in depressions. 

9 Biophysical unit VC was represented by Class 9. On the 
classified image the colour was bright blue and on the 
colour composite was light pink . A different species mix 
existed with Eucalyptus terminalis , Petalostigrna _sop. and 
Eucalyptus pachyphylla being most . prevalent. Green 
canopy cover was 23% with live herbaceous coyer of 20% 
whi~h was greater than in other classes . The vegetation 
cover occurred· over-featureless sandy silty plains (2.5YR 
5/6 red) with a dune-like pattern visible on aerial 
photographs . 

As indicated earlier, the classes obtained for the Barkly 

region represented three NIR reflective vegetation types (classes 

4, 7 and 9), which comprised 39.8% of the area and five darkening 

classes (classes 1,3,5,6 and 8) which comprised 57.4%. A small 

partially darkened class represented 2.8% of the area (Class 2) . 

The classes with the highest NIR reflectance also contain the 

highest overall green vegetation cover (45.2%). The partially 

darkened class contained between 10-15% green vegetation cover. 



Plate 7 . 7 Final classified maximum likelihood image 
with x3 boxcar filter, Barkly. 

2 27 
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An average of 36.2% green vegetation cover occurred in the 
darkened areas. 

7.6.5 Classification Accuracy 

Prior to classification 210 points were identified 

based on random stratified sampling and located in the field as 

explained in section 7.4.5. Field data included relative species 

type and percent cover data based on rapid visual assessment. 

These locations and their data content were developed into scores 

which formed the basis of assumed true pixels within each class . 

A contingency table was produced for Barkly to assess overall 

classification accuracy and individual class accuracy (Table 

7.27). Within the table, errors of omission and commission were 

recorded. Errors of omission and commission for each class were 

calculated as described in Section 7 .4. 5 . 

A one tailed test as described in Section 7 .4. 5 was 

applied to the classified data to establish whether the 

classification exceeded the previously set 85% accuracy 

criterion. For Barkly when the overall class accuracy was 89.4% 

and the total number of points was 210, the 95% one tailed 

confidence limit was 85.21%. The classified map therefore 

exceeded the 85% overall accuracy criterion showing that 95% of 

training samples with observed accuracies of 89.0% have true 

accuracies of 85.21% or greater. 

Class 8 had the lowest error of omission with one pixel 

wrongly assigned to class 6 (Table 7. 27) . Class 6 had an 

omission error of 16.7% with class 5 containing most wrongly 

assigned pixels. Class 6 depicted green vegetation cover of 31% 

in depressions containing mainly sand and silt with some 

ironstone gravel rises. Class 5 was also represented by green 

vegetation cover of 31% on flat , gently undulating terrain with 

some ironstone gravel and silty depressions. Misclassification 

may have resulted from ironstone gravel and silty depressions 

occurring as background components in both classes. In class 3 

there was an omission error of 15. 4% with 2 of the wrongly 

assigned pixels allocated to class 8 and 2 allocated to class 9. 

Class 3 was represented by 30% green vegetative cover over 

calcrete ridges and sandy silt soil. Class 8 depicted 25% green 

vegetation cover over calcrete ridges while class 9 represented 

featureless sandy silty plains with a green vegetation cover of 



TABLE 7.27 Contingency table for classifica tion - Barkly 

Cl 1 2 3 4 5 6 7 8 9 Tot 
21 

1 
2 
3 
4 
5 
6 
7 
8 
9 
T 

7 1 
18 1 

22 2 
27 2 

1 23 2 
1 1 3 25 

1 2 26 

2 

8 
19 
26 
29 
26 
30 
29 

1 21 22 
3 18 21 

8 18 23 32 28 30 26 25 20 2 10 

Overall acc uracy = 187/2 10 = 89.0% 

where: Cl = class 

OE 

12.5 
5.3 

15.4 
6.9 

11.5 
16.7 
10.3 
4.5 

14.3 

Tot = Assumed true number of pixels 
OE = Errors of omission 
CE = Errors of commission 

CE 

12.5 
0 
3 .8 

17.2 
19.2 
16 .7 

0 
18.2 
9.5 

Acc uracy 

87.5 
94.7 
84.6 
93.1 
88.5 
83.3 
89.7 
95.5 
85.7 

T = Number of pixels found within test sites on 
c lass ification map 

Diagonal elements = the number of pi xe l s correctly 
c lass ified 

N 
N 

"' 
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43%. Misclassificat ion may have resulted from calcrete be ing 

present i n classes 3 and 8 and sandy silt present as a background 

component in classes 9 and 8. Class 9 had 14.3% err ors of 

omission with 3 pixels wrongly assigned to class 5. Both classes 

h ad sandy silt as an important background component which could 

have caused miscl assification. 

Classes 2 and 7 had no errors of commission. Class 5 had 

19 . 2% errors of commission . Three of the pixels should have been 

assigned to class 6 as shown above. Class 8 contained 18.2% 

errors of commission where two pixels should have been allocated 

t o c l ass 3 and 2 allocated to class 4. Misclassification may 

hav e resulted from the presence of calcrete in classes 3 and 8 

and laterised calcrete in class 8 being the same Munsell colour 

(2 . 5YR 5/6) as the silt of class 4 . Class 4 had a commission 

error of 17 . 2% where 3 pixels should have been assigned to class 

9 . Both classes had the same dominant soil (2 . 5YR 5/6 silt) and 

this could account for misclassification. Again coincident 

background components may have contributed to the errors of 

omission and commission for different vegetation cover. Although 

t he classification accuracy was intrinsically high, none of the 

classes (other than the partially darkened class 2) did well in 

terms of omiss i on and commission errors despite the fact they 

were all end member classes. This is the reverse of the 

situat ion f or King River . 

. 7.7 IMAG~ PROCESSING RESULTS • STUDY REGION 3, SIMPSON 

1 . 1.1 · Analysis ·of dark pixel corrected image 

The dark pixel corrected image was displayed for all single 

bands . MSS 4 showed little dune detail except in the south- west. 

The drainage pattern in the outcrop area was well defined (Figure 

5 . 5 l ocat ed in back pocket). Dune detail of swales and crests 

wa s greatly enhanced in MSS 5 . The drainage pattern in the 

outc r op area was well demarcated. Both MSS 6 and MSS 7 showed 

darke ned vegetation on the closely spaced dunes in the east and 

t h e mor e widel y spaced dunes in the west . Visually , best overall 

green vegetation cover appeared on MSS 6 . A colour composite of 

MSS 4, MSS 5 and MSS 7 in 640x480, 256 colour showed gradations 

o f v e get ation causing darkening (Plate 7.8). Darkening by Acacia 

aneur a o n the western dunes is shown on Plate 7.9 . Dunes and the 



Plate 7 . 8 MSS 4, 5 and 7 colour composite of 
the dark pixel corrected image, Simps on. 
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Plate 7.9 MSS 4, 5 and 7 colour composite of 
the dark pixel corrected image, zoomed into the 
western dunes and Acacia aneura stands, 
Simpson. 
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outcrop area in the south were wel l defined. The absence o f 
highly reflective NIR vegetation was noted, except for narrow 

stripes on the dune crests. 

Statistics of the bands r evealed that the mean was lowest 

in MSS 4 and highest in MSS 6 (Table 7.28). The g reates t amount 

of data were available on MSS 5 and MSS 6. 

TABLE 7. 28 General statistics for DCP corrected ~mage -Simpson 

Band Mi n Max Mean Std.dev. Variance 
MSS 4 0 120 17.81 7 . 80 60 . 86 
MSS 5 0 148 45.78 11.60 134 . 57 
MSS 6 0 127 54 . 78 11.78 138 . 67 
MSS 7 0 104 53.98 10.01 100.27 

As a result of linear regressions applied to the four single 

ba nds a correlation matrix was produced (Table 7. 29). High 

interband correlations were shown except for MSS 4 against MSS 6 

and MSS 4 against MSS 7 (Table 7.28). Radiometer results had 

r evealed that all bands were highly correlated . 

TABLE 7 . 29 Correlation matrix for DPC image - Simpson 

Band MSS 4 MSS 5 MSS 6 MSS 7 

MSS 4 1.00 
MSS 5 0.80 1. 00 
MSS 6 0 . 49 0.84 1. 00 
MSS 7 0.41 0.78 0 .95 1. 00 

Twelve crossplots were interactively drawn of al l s ingle 

bands to illustrate potential soil-veget ation discrimination in 

terms of pixel clusters. The plots of MSS 5 on MSS 4, and MSS 7 

on MSS 4 showed distinct soil-lines with green veg e tation 

clusters (Figures 7.12 and 7.13). The plots showed clustering 

with some separation of vegetation and soil . Six clusters 

resulted on MSS 7 against MSS 4 wi th l ess separat ion on MSS 5 

against MSS 4. A plot was calculated for digital values over the 
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0 64 128 
MSS band 4 

where: 
a = Acacia aneura 
b = sand dunes 2.5YR 5/6 yellowish 

red - mainly Grevillea ~ 
c = silty sand and gravel 2.5YR 5/4 

reddish brown 
d = silt plains 5YR 5/6 yellowish red 
e = sand plains 5YR 5/6 yellowi s h red 
f = 2.5YR 5/6 yellowis h red 
g = 2.5YR 5/4 reddish brown 

Figure 7.12 Crossplot of MSS 4/MSS 5 showing the 
outline of the main body of data, interpretative 
clusters and soil-line, Simpson. 
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where: 
a = Acacia aneura 
b = sand dunes 2.5YR 5/6 yellowish red 

- mainly Grevillea ~ 
c = gibber and silt plains 
d = silt and gravel plains 
e = sand and gravel plains 5YR 6/4 

light reddish brown 
f = dunes and s wales 2.5YR 5/8 red 
g = sand 2 .5YR 5/4-5/8 red 
h = 5YR 5/6 yellowish red 
i = 2.5YR 5/4 reddish brown 
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Figure 7 . 13 Crossplot of MSS 4/MSS 7 showing the 
outline of the main body of data, interpretative 
clusters and soil-line, Simpson. 
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twenty field sites plus Acacia aneura, a darkening species. The 

data showed a much wider scatter of points than King River. The 

NIR dip was less pronounced than in Barkly as there was a lower 

vegetation density. Darkening was therefore less pronounced. 

The red edge effect was less pronounced than in Barkly for 

similar reasons (Figure 7.14). 

7.7.2 Band ratios, band transforms and vegetation indices 

Ratios of all single bands were produced to show possible green 

vegetation and soil discrimination. Radiometer results had 

suggested that band ratios did not predict vegetation usefully. 

Band ratio statistics are shown on Table 7.30. 

TABLE 7.30 Summary of band ratio statistics - Simpson 

Band Min Max Mean Std.dev. variance 
ratio 
4/5 0 254 59 . 36 14 . 28 203 . 84 
4/6 0 254 50.50 17.21 296.19 
4/7 0 254 51.05 18.01 324.20 
5/6 0 254 111.07 11.34 128.61 
5/7 0 254 111.77 13.08 170.98 
6/7 0 227 127 . 69 6.18 38.20 
5/4 0 254 194.29 14.29 204 . 10 
6/4 0 254 203.56 17.22 296.53 
7/4 0 254 203.01 18 . 01 324.52 
6/5 0 254 142 . 99 11.34 128 . 61 
7/5 0 254 142.29 13.07 170.89 
7/6 0 254 126.36 6.18 38 .22 

The ratio band images were displayed separately and assessed 

visually in terms of their green vegetation content in comparison 

to field and aerial photograph data. MSS 5/6 , MSS 5/7 , MSS 5/4 

and MSS 7/4 showed topographic detail but little information on 

green vegetation . A merge file was created containing all band 

ratios. Area and signature files were produced using twenty 

training sites based on known green vegetation cover from fie l d 

work. Linear regressions were calculated for band ratio data 

against green vegetation cover . The highest correlation was for 

MSS 7/5 (r=0.53, p=0 . 0173). None of the ratio images contained 

enough green cover data to run PCA . 
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Figure 7.14 Spectral curves from field sites (1-20) 
in Simpson on Landsat MSS showing simila r ity to soil 
curves . Curve 21 = Acacia aneu r a. 
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Sixty six crossplots were drawn interactively for all band 

ratios. All showed data grouped in a single cluster with no 

obvious soil line. The data were considered of no further use 

Radiometer results suggested that the band transforms MSS 

6+4 and MSS 6-4/6+4 were useful for predicting green vegetation 

cover. Band transforms MSS 6-4, MSS 6+4, MSS 7-5 (scale factors 

5,10), MSS 7+5, MSS 6-4/6+4 and MSS 7-5/7+5 were created from the 
DPC image. 

poor. 
Again visually green vegetation discrimination was 

A Tasselled cap transformation was run on the DPC fi l e . 

Scatterplots were calculated for brightness on greenness, 

brightness on wetness and greenness on wetness. The data fell on 

either side of one axis, suggesting no separation of soil and 

vegetation pixels. This transform was therefore considered o f no 

further use . 

7.7.3 Principal Components Analysis 

Principal Components Analysis was run on all DPC single 

bands to separate out background components from green vegetation 

cover by reducing the data set to uncorrelated channels. The 

matrices of eigenvectors for covariance and correlation are shown 

on Table 7. 31. For PC1 covariance most of the data were 

contained in the NIR bands and MSS 5. The visible bands 

contained more data in PC2 with 97% of the variance contained in 

PC1 and PC2. The correlation matrix showed almost equal loadings 

in the NIR bands and MSS 5. In PC2 MSS 4 contained most 

information while 97% of the .varfance ·was found in PC1 and PC2. 

The image resuiting from the PC1 covariance transform showed 

good overall topographic and soil definition in particular within 

the outcrop area. Small circular features representing areas of 

vegetation were evident in the southern dunes. The image of PC1 

correlation revealed similar information. The image from PC2 

covariance data showed dune shadows as dark stripes on the 

western dune flanks. These appeared as white stripes on PC2 

correlation which was negatively loaded on the visible bands. 

Minimal green vegetation discrimination was attained and these 

bands were considered of limited further use. 
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TABLE 7.3 1 Matrices of Eigenvectors - Covariance and Correlation 
using DPC inputs for Simpson 

Matrix of Eigenvectors (Covariance) 

Band PC1 PC2 PC3 PC4 

MSS 4 0.2779 0.7087 -0. 6328 -0 . 1415 
MSS 5 0 . 5777 0.4103 0.6539 0.2651 
MSS 6 0 . 5937 -0.3753 -0. 0004 - 0 . 7118 
MSS 7 0.4864 - 0.4342 -0 . 4146 0.6348 

Associated eigenvalues and % variances 

Eigenvalue 
Variance 

PC1 PC2 

362.4802 59 . 1155 
83 . 4493 13 .6094 

PC3 

7.6818 
1. 7685 

Matrix of Eigenvectors (Correlation) 

Band PCl PC2 PC3 PC4 

PC4 

5 . 0943 
1.1728 

MSS 4 0 . 4159 - 0.7759 - 0.4620 -0 .1077 
MSS 5 0 . 5407 - 0.2033 0.7566 0.3064 
MSS 6 0.5270 0.3694 0.0323 -0.7647 
MSS 7 0. 5069 0.4693 -0.4616 0.5566 

Associated eigenvalues and % variances 

PC1 PC2 PC3 PC4 

Eigenvalue 3.1546 0.7269 0.0767 0. 0419 
Vari ance 78 . 8641 18.1714 1. 9180 1. 0465 

7. 7.4 Albe do corr ection 

Most visual information relating to green vegetation cover 

was avail able on the DPC bands . To find an appropriate image 

processing technique, albedo correction was used to further 

enhance green vegetation cover. Albedo correction was applied to 

to maximise spectral aspects of the image at the expense of 

topographic features. This approach was used by Robinove et al. 

(1981) in south- west USA where darkening characteristics 

portrayed non- disturbed (i.e. vegetated) desert environments. 

Gar g and Harrison ( 1990) used SPOT albedo imagery to assess 
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changes in semi-arid land surfaces. In the present study albedo 

correction was applied since the scene conta i ned s uffi c i 2nt 

diversity of terrain types to remove any chance of a particular 

band being overly influenced by a local absorption feature (Balia 

and Taylor, 1990). The first algorithm applied was: 

BVcorr = BV DPC/BV alb 7-5 

where: BV corr = brightness value correction 

BV DPC = brightness value of a dark pixel corrected 

band 

BV alb = albedo of each pixel in the image 

A second algorithm was applied to normalise band brightness 

values to the albedo of each pixel by br i nging the data to the 

same mean. Any differences in the remaining data distribution 

should be enhanced. The algorithm was applied to the original 

DPC bands to prevent spurious inverted relief effects which .can 

result if the raw input data is offset by radiometric or radiance 

effects. The algorithm used was: 

BVcorr = BV DPC/ BV alb x scene meanjmean all bds 

(Balia and Taylor, 1990) 7-6 

where: BVcorr = brightness value correction 

BV DPC = brightness value of a dark pixel corrected 

band 

BV alb = albedo of each pixel in the image 

mean all bds = average brightness of all channels 

Th~ scale factor was set at 1. o for both non-normalised and 

normalised correction. 

The non-normalised albedo image showed some evidence of 

green vegetation cover while the normalised image showed much 

more visual green cover . Data from the normalised image was 

therefore used for further image processing. Ratio images of the 

single bands and band transform images were developed. 

Normalised MSS 4/5, MSS 4/7, MSS 6/5 and MSS 7/5 showed best 

visual green vegetation discrimination from soil background. 

These data were used for PCA . 

Principal Components Analysis was run on band ratios of 

normalised MSS 4/5 and MSS 4/7 since there was some visual 

evidence of green vegetation cover (Table 7. 32) • Information was 

distributed between the two ratios on the covariance matrix with 
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97% of the variance found in PC1. Data were also evenly 

distributed in the correlation matrix with 96% of the variance 

found in PC1. On displaying the images, PC2 for both matrices 

revealed noisy images . Images of both PC1 covariance and 

correlation data topographic and soil detail but vegetation data 

were poor . When subtractive and additive images were produced 

using normalised albedo data only MSS 7-5 (scale factors 3,20) 

showed green vegetation cover and was later used in PCA. 

TABLE 7.32 Matrices of Eigenvectors- Covariance and Correlation 
using albedo nomalised MSS 4/5 and MSS 4/7 inputs for Simpson 

Matrix of Eignevect_ors (Covariance) 

Band 

MSS 4/5 
MSS 4/7 

PC1 

0 . 6337 
0.7736 

PC2 

0.7736 
-0.6337 

Associated eigenvalues and % variances 

Eigenvalue 
Va riance 

PC1 PC2 

484.4758 15.5569 
96.8888 3.1112 

Matr ix o f Eigenvectors (Correlation) 

Band PC1 PC2 

MSS 4/5 0.7071 - 0.7071 
MSS 4/7 0.7071 0.7071 

Associated eigenvalues and % variances 

PC1 PC2 

Eigenvalue 1.9355 0.0645 
Variance 96.7752 3.2248 

Pr i ncipal components Analysis was run on MSS 7 - 5 , MSS 6/5 

a nd MSS 7/5 to separate out previously identified green 

vegetation dat a . Results are shown on Table 7.33 . From the 

c ov ariance matri x most variance was contained in MSS 7 - 5 for PC1, 

MSS 6/5 fo r PC2 and MSS 7/5 for PC3. Principal component 1 
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contained 95% of the variance. Data were distributed evenly 

through the three channels for PCl, which contained 93% of the 

variance using the covariance matrix as input. Most information 

contained in PC2 related to MSS 6/5 while PC3 contained most 

information from MSS 7-5 and MSS 7/5. Neither the covariance nor 

correlation images showed clear visual vegetation discrimination 

and were therefore considered of no further use. In conclusion 

it seemed that visual appraisal of Simpson images was 

particularly difficult. 

TABLE 7. 33 Matrices of Eigenvectors - Covariance and Correlation 
using albedo normalised MSS 7-5, MSS 6/5 and MSS 7/5 data for 
Simpson 

Matrix of Eigenvectors (Covariance) 

Band PC1 PC2 PC3 

MSS 7-5 0.8026 - 0.5026 - 0.3213 
MSS 6/5 0.3781 0 . 8452 -0 . 3777 
MSS 7/5 

Associated 

Ei genval ue 
Variance 

0. 4614 0.1816 0.8684 

eigenvalues and ~ 
0 variances 

PC1 

753.8507 
95.0560 

PC2 

26.5913 
3.3530 

PC3 

12.6180 
1.5910 

Ma t rix of Eigenvectors (Correlation) 

Band 

MSS 7- 5 
MSS 6/5 
MSS 7/5 

Assoc i ated 

Eigenval ue 
Variance 

PC1 PC2 PC3 

0.5800 - 0 . 4841 - 0.6551 
0.5682 0.8167 -0.1004 
0 . 5837 - 0.3140 0.7488 

eigenvalues and % variances 

PC1 

2.7983 
93.2777 

PC2 

0.1436 
4.7883 

PC3 

0 . 0580 
1.9340 
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7.7.5 Classification 

Since few bands or transforms successfully visually 

separated vegetation from soil CSA was run on a total of 37 data 

sets including single bands 1 transforms 1 principal components and 

albedo transforms data . An area file was produced containing 

pixel DN data from training sites representing twenty field work 

sites. A signature file and print file gave statistics of all 

input bands. Linear regressions were calculated on pairs of data 

comprising radiance values against total green vegetation cover. 

A correlation matrix was compiled to determine the most useful 

input bands on which to run a classification. The transforms 

which . correlated best with green vegetation cover in this 

environment were MSS 7 - 5 (r=0 .87, p=<O.OOOl), normalised albedo 

MSS 5 {r=0.80, p=<0 . 0001), MSS 7/5 (r=0.74~ p=0.0002) and MSS 6/5 

(r=0.72, 0=0.0003). The regression equations are shown on Table 

7.34. 

TABLE 7.34 Ranked regression equations predicting total green 
cover - Simpson 

MSS 7-5 = -0.799 tgc + 139.031 
Normalised albedo MSS 5 = - 0.474 tgc + 136.849 
MSS 7/5 = -0. 902 tgc + 128.399 
MSS 6/5 = 0.677 tgc + 131.173 

where: tgc = total green cover 

Image files for band transforms shown in Table 7 .34 were 

merged into a single file to be used for classification. Nine 

areas of specific vegetation groupings were chosen as a basis for 

training site selection on the image. For Simpson these comprised 

four different gradations of darkened vegetation, mainly i n the 

dunes, and five areas of exposed soils, mainly in the outcrop 

area. Three to five polygons were used to establish area and 

signature files for nine classes. 

Using the parallelepiped classifier six classes were not 

included in the classification and o . 02% of the data were 

unclassified . on the image no detail of green vegetation and 

soils was available in the south. This classification was 
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therefore unsuitable. Minimum distance to means classifiers were 

applied using different standard deviations from 3.0-10.0. The 

resulting images showed a high degree of heterogenuity and failed 

to separate out vegetation classes from soil. 

Maximum likelihood classifiers were applied using different 

standard deviations. Standard deviations of between 2.0 and 13.0 

proved most effective. The probability was set at 1 . 0 for all 

classes. Both 3x3 and 5x5 boxcar filters were used to smooth the 

data. Neither resulted in classes which were meaningful in terms 

of vegetation darkening . No definition was apparent between 

widely spaced dunes with wide swales and closely spaced dunes 

with narrow swales. Predominantly sandy areas were not well 

defined from _outcrop areas. None of these classifiers provided 

a suitable classification that related to green vegetation cover 

in the field (Figure 6 . 5). 

Since the DPC single band images appeared visually to show 

categories of darkening the three classifiers used above were 

applied to these bands. Training sites were established using 

specific areas of known vegetation groupings. Several polygons 

were created for each training site in order to provide as many 

pixels as possible for the final classification . Statistics from 

the signature file were used in the decision algorithms to 

c lassify the whole image into selected classes based on similar 

spectral signatures. 

The parallelepiped classifier identified _only 6 ot the 9 

. cl.~sses resulting in 0. 29% of t~e data .being · unclassed. Cl.ass 9 .. ·- . . . 
occupied 9% of tne data. Visually the image revealed little 

information on vegetation types . The minimum distance classifier 

was applied using a range of input standard deviations between 

3.0 and 10.0 . This identified 9 classes with zero unclassed 

pixels. Class 5 contained the largest percentage of the pixels 

and Class 8 the least. Visually the result was an improvement on 

the parallelepiped classification but it failed to separate out 

darkened vegetation classes . 

The maximum likel ihood classifier was applied over a number 

of iterations using standard deviations of between 2 and 13 . The 

probability was set as 1.0. All nine classes were identified 

with no unidentified pixels (Table 7 . 35}. A 3x3 boxcar filter 

was applied to develop a more homogeneous image. This classifier 
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provided the best vegetation discrimination. The classes were 

interpreted using field work data and biophysical unit data 

defined in Figure 5 .5 (located in back pocket) and their 

interpretation in Chapter 5. Table 7. 36 shows the interpretation 

of the nine classes. Plate 7.10 s hows the final classified 

image . The main cover types over the range of biophysical units 

are shown as Figure 7.14a (located in back pocket). 

TABLE 7.35 Final classification results - maximum likelihood 
classifier - Simpson 

Class Number of ~ 
0 land Total land 

pixels cover cover in krn2 

unclassified 0 0 0 
1 28799 11.72 131.26 
2 16239 6.61 74 . 0 
3 26010 10.58 117.82 
4 22935 9.33 104 . 50 
5 47901 19 . 49 218 . 29 
6 25224 10 . 26 114.91 
7 31356 12 . 76 142.91 
8 21727 8.84 99.01 
9 25569 10.40 116.48 

TABLE 7. 3 6 Interpretation of Classes derived from maximum 
likelihood classifier - Simpson. 

Class Descri ption 

1 Class 1 included areas within biophysical unit IV and VI. 
It was dark blue on the classified image and reddy brown 
on the DPC colour composite. It included the wide 
vegetated swales of Unit IV. Dodonaea viscosa spp. 
angustissima was prevalent with scattered Acac1a 
dictyophleba, Acacia 1 igulata and Cassia spp. and a 
ground cover of Sclerolaena spp . and Dampiera soo . o n 
sandy soils (2 . 5YR 5/6 red). These mostly had the effect 
of darkening. It also included the irregular dunes and 
deflation hollows of Unit VI with fine sand and silt 
(2.5YR 5/6 red) . Grevillea stenobotrya was present on 
the dunes and Acacia aneura abundant in the hollows . 
Scattered Acacia dictyophleba, Cassia spp. and Dodonaea 
viscosa spp. angustissima occurred with a ground cover of 
Sclerolaena spo. and to a lesser extent other salt bush. 
Average green canopy cover was 14% with a live herbaceous 
cover of 6.8%. 
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2 Biophysical unit I was represented as Class 2 . The 
class. was medium green on the classified image and the 
DCP 1mage. Average green vegetation cover was O%. 
Bedrock. outcrops and low hills with rough, non- highly 
reflect1ve pebbles on the surface were present with no 
evident vegetation. Surface pebbles comprised shale, 
mudstone and ochreous claystone which were mainly lOYR 
4/2 dark grayish brown . 

3 Class 3 represented biophysical unit III and was bluey 
green on the classified image and purpley-yellow on the 
DCP colour composite image. Minor ground cover 
included salt bush such as Sclerolae na s_pq., Atriplex 
spo., and Rhagodia spp. The most prevalent 
trees/shrubs were Atalaya hemiglauca and Acacia 
ligulata with scattered Acacia tetragonophylla . The 
average green canopy cover was 2 . 6% with a live 
herbaceous cover of 1 %. The main physical features 
included low plains covered with alluvial silt and 
minor clay (2 . 5YR 4/6 red, 5 YR 5/6 yellowish red , 5YR 
6/6 reddish yellow) . 

4 Class 4 was dark red on the classified image and dark 
brown red on the DPC colour composite . It included 
areas of biophysical unit I,II,III, IV, v, VB . 
Darkened vegetation occurred on dunes and dune swales. 
Acacia aneura, a darkening species was present in the 
wider swales . Grevillea stenobotrya, Acacia 
dictyophleba, Acacia ligula ta and scattered Cassia soo. 
were prevalent with a ground cover of Sclerolaena spo. , 
Rhagodia spp . and Enchylaena tomentosa. The green 
canopy cover was 13% with a ground cover of 1 . 5% . The 
soil was mainly sand (5YR 6/6 reddish yellow) with 
minor highly reflective silt. 

5 Class 5 represent ed biophysical unit v. On the 
classified image it was cerise and brawny orange on the 
DPC colour composite . Green canopy cover was . 14% and 
the live herbaceous cover was 2.8% . Grevillea 
stenobotrya and Zygochloa paradoxa grass were 
prevalent on the dune crests and flanks . The swales 
contained Atalaya hemiglauca a nd Hakea l eucoptera as 
the major species with a live herbaceous cover of 
Enchylaena tomentosa, Rhagodia spp. and Sclerolaena 
sop. Closely s paced dunes with narrow swales of sand 
( 2 . 5YR 5/6 red) with darker silts in the swales were 
characteristic of the class. Wind blown sand partially 
covered the silts . Class 5 had a surface area of 
19.49%. 

6 Areas within biophysical regions VA , II and III were 
found in class 6. Class 6 was orangey brown on the 
classified image and dark yellow on the DPC colour 
composite . Class 6 consisted of closely spaced low 
dunes with narrow swales with highly reflective silty 
sand and a ground cover of mainly Enchylaena tomentosa, 
Sclerolaena spo . and A triplex spp . This class also 
appeared in the south as highly reflective patches of 
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silty sand supporting less than 1% saltbush. 

7 Class 7 included areas within biophysical units v, VA, 
V~ and II . The colour on the classified image was pale 
p~nky gray and very pale green on the colour composite. 
Acacia ligulata and Dodonaea viscosa sop. angustissima 
with minor Acacia spp. and Cassia soo. were most 
commonly found on sand patches. Live herbaceous cover 
was mainly Sclerolaena spo ., Atriplex sop. and Rhagodia 
spo. Total green canopy cover was 3. 1% with a 1 i ve 
herbaceous cover of 2.8%. The main soil cover 
comprised ironstone gravel gibber plains (5YR 6/4 light 
reddish brown) with patches of surface whitish-gray 
silt. 

8 Parts of biophysical units VC, IV were represented as 
Class 8. It appeared dark gray on the classified image 
and light brawny red on the DPC colour composite . 
_Topographically Class 8 was similar to Unit v with 
sparse· vegetation over both dunes and swales. Dodonaea 
viscosa spp. angu~tissima, Grevillea stenobotrya and 
Cassia spp. were the major species with a ground cover 
of saltbush. Total green canopy cover was 10% with 
live herbaceous cover dominant. 

9 Class 9 was represented by biophysical unit II and III. 
It was bright blue on the classified image and very 
dark red on the DPC colour composite. Patches of 
alluvial sand (2 . 5YR 5/8 red) were covered by scattered 
Acacia ligulata, Acacia tetragonophylla, Sclerolaena 
sp~ . and Holosarcia spp. Total green canopy cover was 
3.7% with a very sparse, live herbaceous cover. Gibber 
plains with very highly reflective, varnished pebbles 
(2.5YR 3/2 dusky red to 10YR 4/2 dark brown) were 
characteristic of class 9. 

The Simpson classes represente_d · four gradations of 

darkening and/or. _differences due to 

five ·classes · of almost bare soil. 

species composition and 

The darkened vegetation 

classes were 1, 4, 5, and 8 while the soil classes were 2, 3, 

6 1 7 and 9. In total 1 darkened vegetated areas represented 

50.6% of 

49.4%. 

the Simpson region while soils 

No classes in which vegetation 

areas represented 

showed high NIR 

reflectance were represented. The darkened classes contained a 

range of total green cover between 10% and 21%. With respect 

to percent darkening a gradation was apparent between class 1 

which contained 21% green cover, classes 4 and 5 which 

contained about 15% total green cover and class 8 which 

contained about 10% total green cover. Due to the absence of a 

sufficiently large number of NIR reflective plants (or a lack 

of such plants growing in monospecific stands) a natural 



Plate 7.10 Final clas sified maximum likelihood image 
with x3 boxcar filter, Simps on. 

2 48 
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darkening gradient was apparent for the Simpson image. In the 
exposed soil areas it appeared that no vegetation cover was 

detected. Field work data showed that occasional shrubs and a 

sparse ground cover of saltbush were present. Whereas 

Sclerolaena spp . , for example, showed potential darkening at 25%, 

35% and 50% cover, these cover densities were rarely present in 

the soil classes . As a result CSA failed to detect the presence 

of these species. 

7.7.6 Classification accuracy 

Prior to classification 253 points were randomly identified 

and located in the field as explained in Section 7.4.5. Scores 

were made of assumed true pixels within each class. A 

contingency table was produced for Simpson to assess overall 

classi"f"ication accuracy and individual class accuracy (Table 

7.37) . Within the table, errors of omission and commission were 

recorded. Errors of omission and commission for each class were 

calculated as described in Section 7 .4. 5. 

Overall classification accuracy as shown on Table 7.37 was 

90.5% . To establish whether the classification exceeded the 

previously set 85% accuracy criterion, a one tailed test (Section 

7.4.5) was applied. Results showed that when the overall 

accuracy was 90 . 5% and the total number of points was 253, the 

95% one tailed lower confidence limit was 87.27%. The Simpson 

classified map therefore exceeded the overall 85% accuracy 

criterion and determined that 95% of training samples with 

observed accuracies of 90.5% will have true accuracies of 87.27% 

or greater. 

Class 8 showed no errors of omission while class 7 showed 

the greatest error of omission with 33.3% of the pixels wrongly 

assigned mainly to classes 4 and 6. Class 7 had a total green 

cover of 6% and consisted of gibber plains with patches of highly 

reflective sand. The green vegetation cover of class 4 was 15%. 

The area predominantly consisted of dunes and swales but also 

included varnished pebbles in silty areas with only minor 

vegetation cover . Class 6 consisted mainly of closely spaced 

dunes with narrow swales and very little vegetation. It also 

represented highly reflective patches of silty sand supporting 

about 1% saltbush. Highly reflective silt was present in all 

three classes suggesting that this may have caused 



TABLE 7.37 Contingency table for classification - Simpson 

Cl 1 2 3 4 5 6 7 8 9 Tot OE CE Accuracy 

1 55 1 3 1 60 8.3 0 91.7 
2 30 1 1 1 2 35 14.3 5.7 85.7 
3 37 4 41 9.8 4.9 90.2 
4 18 1 19 5.3 26.3 94.7 
5 1 37 3 41 9.8 0 90.2 
6 20 1 21 4.8 9.5 95.2 
7 1 2 6 9 33.3 55.6 66.7 
8 9 9 0 0 100 
9 1 17 18 5.6 44.4 94.4 

T 55 32 39 23 37 22 11 9 25 253 

Overall classification accuracy = 229/253 = 90.5% 

where: Cl - class -
Tot = Ass umed true number of pixels 

OE = Errors of omission 
CE = Errors of commi ss ion 

T - Number of pi xels found within tes t s ites on -
classification map. 

N 
U1 
0 
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misclassification. Class 2 showed 14. 3% errors of omission with 

classes 3 , 4, 7 and 9 having pixels wrongly assigned to them. 

Class 2 was characterised by bedrock outcrops and l ow hills with 

no evident vegetation while the wrongly assigned classes all had 

exposed non-vegetated areas within t h em creating possible 

spectral inseparability. 

Classes 1, 5 and 8 showed no errors of commission while 

class 7 had the largest error of commission (55 . 6%) with 5 pixels 

wrongly included in the class. Class 5 should have been assigned 

three of the pixels. Since class 5 had only errors of ommission 

it should have covered a greater area. Again the presence of 

silt in both classes may have resulted in misclassi f ication. 

Eight pixels w.ere wrongly assigned to class 9 resulting in 44.4% 

errors of commission. Gibber plain wi th highly reflective pebbles 

typif ied class 9. Class 3 , character ised by low plains covered 

with a lluvial sil t, should have been allocated 4 of the pixels . 

Total green vegetation cover was 4% in both classes. Most 

confusion appeared to result from highly reflective surfaces such 

a s sand, silt and gravel being misclassified. Since large areas 

of Simpson were almost unvegetated, the background components 

were spectrally important within many classes and may have been 

the major cause of misclassification. 
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CHAPTER 8 COMPARISONS AND CONCLUSIONS 

8.1 INTRODUCTION 

A summary of data discussed in Chapters 5, 6 and 7 are 

presented. Section 8 . 2 represents summary comparisons and 

conclusions resulting from aerial photograph mapping a nd from 

field work data collection. Section 8.3 summarises information 

obtained from hand held radiometer work with comparisons 

between the three Study Regions. Section 8.4 summarises 

results obtained from image processing techniques i n the three 

Study Regions. Comparisons are made between procedures adopted 

and final classified maps. Section 8. 5 draws together the 

final conclusions. 

8.2 AERIAL PHOTOGRAPHY COMPARISONS 

All three regions were mapped using 1980s black a nd white 

panchromatic aerial photography at around the scale of 1: go 

000. Dry season photography was used throughout to supplement 

field data. For King River the aerial photographs were mapped 

into 14 biophysical units which in some cases co-incided with 

the Land Systems of Mabbutt (1965) and otherwise resembled 

aspects of the more detailed mapping of Aldrick and Robinson 

(1972). The region was re-mapped so that biophysical units in 

all regions were internally comparable and to provide a 

standard base from which to interpret MSS classification data . 

The : biophysi.cal region i~terpretatj.:on differed in ··the three 

regions as a function of rainfall, geology and regolith/soil 

development, and vegetation cover. King River received an 

annual mean rainfall of 1 056.5 m.m. The analysis of this 

region took place at the beginning of the dry season (April-May 

1991) . Antecedent rainfall was above average relative to the 

past ten years (Figure 3. 5). The region was significantly 

wetter than Barkly where the annual mean rainfall was 421.5 

mm. The annual mean rainfall for Simpson was 275.5 mm. In 

Barkly and Simpson the imagery acquired was late dry season 

although in more arid regions actual timing of rains is 

unpredictable. In all regions there was no evident green 

flush. In Katherine the herbaceous cover was mainly senesced 

grass. Green (mainly tree and shrub) vegetation in King River 
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was assessed relative to senesced herbaceous cover, soi l and 

litter backgrounds but in Barkly and Simpson green vegetation 

cover was assessed relative to soil backgrounds. 

King River represents comparatively rugged terrain drained 

mainly by ephemeral and permanent rivers and creeks draining 

ultimately into the Daly River system. Relief is largely 

controlled by underlying bedrock, mainly sandstone on higher 

ground and limestone which forms basins. Overall relief was 

about 130 m. Barkly represents planar terrain which extends 

south of the Barkly Tablelands through an area of calcrete 

formation to the sandy-silt of linear (relict dune) features 

further south. Overall relief in Barkly is 20 m. Simpson is 

separable into an area of extensive dunes in the north and a n 

outcrop area with ancient alluvial features (gibber plains and 

silt) to the south. Overall relief is about 40 m. 

King River was divided into three major sub-regions. 

1. Sandstone outcrops and eroded slopes. The main soils were 

sand (7. 5YR 5/4 brown or 7. 5YR 8/5 pink), silt (7. 5YR 6/6 

reddish yellow or 7. 5YR 6/0 gray) , and gravel and boulders 

(2.5YR reddish brown). Green canopy cover was 39.39% with a 

live herbaceous cover of 6. 45 %. Background components were 

dead herbaceous cover (17 .1%) , bare soil (19.09%), litter 

(23.95%) and dead wood (2.05%). 

2. Gently sloping or undulating terrain with some erosion. 

Dominant soils were sand (5YR 4/4 

pink, 2. 5YR 5/6 re_d); silt (7. 5YR 
. . 

dark reddish brown, 5YR 7/3 

5/2 brown, 5YR 5/6 yellowish 

'red); and gravel (2 . 5YR 4/4 dark reddish brown). Green canopy 

of 11. 13%. cover was 33.88% with a live herbaceous cover 

Background components were dead herbaceous cover (24.4%), bare 

soil (17.58%), litter (9.48%) and dead wood (3.6%) . 

3. River backplains or alluvial areas with some severe erosion. 

Major soils were sand (5YR 5/3 light reddish brown); silt (5YR 

4/1 dark gray); and gravel (7. 5YR 4/4 brown). Green canopy 

cover was 30.63% with a live herbaceous cover of 14.3%. 

Background components were dead herbaceous cover (26.3%), bare 

soil (15.73%), litter (11 .00%) and dead wood (2 . 27%) . 

There was considerable similarity between the three sub

regions in King River. On average sub-region 1 had the highest 

green canopy cover with 39.39%. Sub-region 2 had a higher 
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p r oportion of dead and dormant wood at 3.6% . Live herbaceous 
cover percentages were highest for sub-region 3 (14.3%). Dead 

herbaceous cover percentages were highest in sub- region 2 

(26.3%) while the overall percentage of exposed soil was 

greatest in sub- region 1 (23 . 95%). 

Barkly was subdivided into three major sub-regions . 

Flat undulating terrain with ironstone gravel rises. The 
main soil was sandy silt 

cover was 27.95% with 
(2. SYR 4/6- 5/6 red). Green canopy 

a live herbaceous cover of 8.1%. 

Background components were dead herbaceous cover (1.77%), bare 

soil (52.83%), litter (4.03%) and dead wood (5.37%). 

2. Elliptical and ovoid calcrete ridges and calcrete based 
terrain. Dominant soils were sand (2 . SYR 4/6 red, SYR 5/6 

yellowish red), silt (2.5YR 4/6 red), calcrete (SYR 7/2 pinkish 

gray) , and gravel ( 2. SYR 4/4 r eddish brown) . Green canopy 

cover was 27 . 10% with a live herbaceou s cover of 5.50% . 

Background components were dead herbaceous cover (1.60%), bare 

soil (56 . 50%), litter (3.60%) and dead wood (5.80%). 

3 Linear dune- like features with sandy silt (2. SYR 4/6-5/6 

red) and minor gravel (2.5YR 6/4 reddish brown). Green canopy 

cover was 22 . 95% with a live herbaceous cover of 13.0%. 

Background components were dead herbaceous cover (5.40%), bare 

soil (51.4%), litter (5.1%) and dead wood (5. 4%). 

Again considerable similarity was 

t hree sub-regions in Barkly . On average 

the highest green canopy cover (33.8%). 

h ighest proportion of dead/dormant wood 

observed between the 

sub-region 1 conta~ned 

Sub- region 2 had the 

(5.8%). Live and dead 

herbaceous cover percentages were greatest in the dune area at 

13.0% . This was typical of more sandy areas and may be due to 

low intensity cattle grazing on the dune-like features. Bare 

soil areas were greatest among the calcrete ridges (56 . 5%) 

whil e litter was slightly higher among the linear features . 

Simpson region was subdivided into two major sub-regions . 

1. Longit udinal dunes and swales. Dominant soils were sand 

(2 . 5YR 5/4-5/6 red), silt (SYR 5/6 yellowish red), and gravel 

(2.5YR 3/2 dusky red) . Green canopy cover was 8.7% with a live 

he rbaceous cover of 3 . 7%. Background components were dead 

herbaceous cover (10.3%), bare soil (70.93%), litter (4.2%) and 

dead wood (2.2%). 
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2. outcrop areas with gibber pebbles (lOYR dark grayish brown) 

and silt and sand (2.5YR 416 red). Green canopy cover was 3.2\ 

with a live herbaceous cove.r of o. 6% . Background components 

were dead herbaceous cover (12.25%) , bare soil (82.15%), litter 
( 1 .65%) and dead wood (0.2%) . 

Considerable diversity in vegetation cover was apparent. 

The northern dunes contained 14.2% green canopy cover while the 

canopy cover in the outcrop area was only 3.2% . Dead wood, 
live herbaceous cover and litter percentages were also greater 

in the northern dunes. Interes tingly dead herbaceous cover 

average percentages were greater on the outcrop area 12.25%. 

Exposed soil was 82.15% on the outcrop area and 59.7% in the 

dunes. In Simpson relatively intensive cattle grazing was 

practiced on the outcrop area where the cattle grazed mainly on 

saltbush. 

A comparison of average ground cover components from the 

three study regions is shown on Figure 8 . 1 . The total green 

canopy cover and live herbaceous cover predictably decreases as 

a function of rainfall and latitude. The relatively high 

proportion of dead and dormant wood in Barkly may be due to 

protracted dry conditions prior to field work. 

In order to make comparisons of vegetation frequenc y and 

species in the three areas two indices were developed from 

field work data. The first, the plant count index ( PCI) 

indicates the number of plants counted in the field sites. It 

is represented by: 

PCI = total number of woody plants 1 area of survey 

The second considers the number of species at each site and is 

referred to as site species richness (SSR) represented by: 

SSR = (Number of species 1 Area of survey) x 100. 

As King River was previously subdivided into three 

subregions the characteristics of plant count and species 

diversity wer e summarised for each (Table 8.1). 

The plateaux areas which are probably least utilised in 

King River, showed the highest overall plant count a nd highest 

species richness. Most commonly occurring species in this 

subregion included Erythrophleum chlorostachys, Bridelia 

tomentosa and Croton arnhemicus. These areas represented a low 

proportion of the study region. The slopes and riparian 
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Figure 8 .1 Comparison of ground cover component 
percentages fo r the three Study Regions. 
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Table 8. 1 Plant counts and site species richness for three 
physiographic sub-regions in King River 

Region Number Average PCI Average SSR 
of sites 

1. Plateau areas 2 0 . 29 0 . 61 
2. Slopes 11 0.17 0.50 
3 . Riparian backplains 7 0.17 0.53 

Mean 0.21 0.54 

backplains represented the majority of the area which appeared 

to have a relatively un iform plant count and diversity index. 

The most commonly occurring species in the slopes subregion are 

Erythrophleum chlorostachys, Petalostigma soo. and Eucalyptus 

minia ta . In the riparian sub reg ion common species included 

Eucalyptus foelscheana, Euca lyptus tectifica and Grewia spp. 

Similar calculations were undertaken for Barkly. Three 

subregions comprised flat undulating terrain, elliptical and 

ovoid calcrete ridges and linear dune- like features. Botanical 

characteristics are summarised in terms of plant counts and 

species richness on Table 8.2 . 

Table 8. 2 Plant counts and species richness values for three 
physiographic sub- regions in Barkly 

Region Number Average PCI Average SSR 
of sites 

1. Flat, undulating 3 0.15 0.44 
terrain 

2 . Elliptical, ovoid 13 0.15 0.46 
rigdes 

3. Linear dune- like 4 0.09 0.44 

features 

Mean 0.13 0.44 

All areas in Barkly showed a similar SSR with the calcrete 

ridge area being slightly higher than the remaining two areas . 
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In terms of average species counts sub-regions 1 and 2 were 

similar with a considerably lower plant count over the linear 

dune- like features. Typical species in sub-region one were 

Acacia coriacea, Acacia georginae, Acacia ancistrocaroa and 

Acacia lysiphloia. Sub-region 3 was characterised by Acacia 

lysiphloia, Cassia helmsii, Ventilago viminalis and Atalaya 

hemiglauca. Sub-region 3 comprised Ventilago viminalis, Acacia 
stipuligera and Croton SP.P· 

The plant list s of Simpson region were subject to the same 

calculations. Two subregions were identified the dune area in 

the north and outcrop (silt and gibber) area in the south 
(Table 8.3). 

Table 8 . 3 Plant counts and species richness values for two 
physiographic sub-regions in Simpson 

Region Number Average PCI Average SSR 
of sites 

1. Dunes 10 0.12 0.29 
2. Outcrop gibber, 10 0.10 0.04 

silt a nd sand 

Mean 0.11 0 .17 

Interestingly both the dune . area and the outcrop area had a 

similar plant count beca~se of the large number of Sclerolaena 

~· in. the outcrop area. However, the outcrop area had a very 

low species index. This was exceeded in the dune area by a 

factor of seven. Common species in the dune area were Acacia 

dictyophleba, Acacia ligulata, Dodonaea viscosa spo. 

angustissima and Grevillea stenobotrya . 

Ir, conclusion, King River situated 

supported approximately twice the number 

field sites than comparable data from 

in the sub- tropics, 

of species in the 

more arid regions. 

Barkly on average supported a marginally higher plant frequency 

than Simpson . Interestingly in terms of species richness, both 

King River and Barkly supported a high species richness. Both 

these averages were almost twice as high as the richness in the 

more densely vegetated dune areas of Simpson . Simpson had a 
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low species ric hness per unit area. 

8.3 BAND HELD RADIOMETER COMPARISONS 

Hand he ld radiometer results were acquired across the 

three regions, concentrating mainly on green woody vegetation 

species , with significant soil types , d ead herbaceous cover and 

litter as background components. Readings of varying 

percentages of green cover over different backgrounds were also 

taken. Sample sizes were 340 for King River, 103 for Barkly 
and 108 for Simpson. 

Means a nd standard deviations for each region are shown 

on Figure 8. 2 . Similar trends were evident in the three 

regions. Values on MSS 5 related t o chlorophyll absorption. 

The mean r eflectanc e for MSS 5 was lowest in King River. 

Chlorophyll absorption increased slightly towards arid 

e nvironments, while NIR scatter (MSS 7) decreased. Statistics 

showed that for green vegetation cover the means were similar. 

Variance- mean ratios showed that on MSS 5 highest data 

variability was in King River (Table 6.1, 6 . 8, 6 .14 ) . Al l 

regions had about the same data variance in MSS 5 and MSS 6, 

while least data variance on MSS 7 was present in Barkly. 

To tes t the null hypothesis, that all samples were d r awn 

from the same parent population, a one way analysis of variance 

(ANOVA) test was run on the means for the three regions. The 

results are s hown on Table 8.4 . These data showed that a t the 

99% significance level the null hypothesis was rejected, 

indicating tha t the samples were statistically drawn from 

differe nt populations. 

Whe n linear regressions were calculated f or reflectance 

values on MSS bands and their transforms, against perce ntage 

green vegetation cover, dead wood, sand, gravel, Munsell value 

and total soil, thirty seven significant relationships were 

established for King River (Table 6. 4) . Eleven significant 

relationships were established for Barkly (Table 6 . 11) . Twenty 

eight significant relationships were establ ished for Simpson 

(Table 6.17). In both Barkly a nd Simpson a large number of the 

significant relationships involved tota l soil. In a ll regions 

very little direct association was found between single ba n\1 

values (and band tra nsforms), and the proportion of green 
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TABLE 8 .4 Results of one factor ANOVA - repeated measures for 
the mean reflectances of King River, Barkly and Simpson ' 

Source df 

Between group 3 
Within groups 8 
Treatments 2 
Residual 6 
Total 11 

Mean reflectance 

King River 
Barkly 
Simpson 

Sum of 
Squares 

677.605 
59.664 
1. 460 

58.204 
737 .269 

Count 

4 
4 
4 

Mean Square F-test 

225.868 
7.458 
0.730 
9.701 

Mean 

15.927 
6 . 510 

16.760 

30 . 285 

0.075 

Std . dev 

12.108 
7 . 154 
6.891 

P value 

0.0001 

0 . 9284 

Std Error 

6 . 054 
3.577 
3.445 

vegetat ion cover. In King River, five significant associations 

were found between green vegetation and the following ratios 

and transforms MSS 7/5 and MSS 6/ 4; MSS 6- 4; MSS 6 - 4/6+4; and 

MSS SQRT[(6-4/6+4)+0.5]. No single bands were involved. The 

assumpt ion was made that green vegetation data might best be 

obtained from ratios of transforms involving MSS 4 and MSS 6 . 

In Barkly one subtractive transform (MSS 7- 5), involved green 

vegetation. For_ S~mpso~ ~wo relationsh~ps, MSS· 6-~/6+4 ~nd MSS 

SQRT[ ( 6-4/6+4) +0. 5] ·· involved green vegetation. These also 

included transforms with MSS 4 and MSS 6 . The ability of MSS 

data transforms to predict green vegetation cover appeared to 

decrease as vegetation cover decreased. In King River the most 

de nse ly vegetated region, green cover was predicted 13.51% of 

the t ime, while i n Simpson it was predicted only 7.14% of the 

time. 
Because of the apparent value of data on MSS 4 and MSS 6, 

in comparison to MSS 5 and MSS 7, plots were drawn to show the 

scatter of data in NIR-visible space (Figures 6.29 a nd 6.30). 

In King River considerable inseparability of soil and 

vegetat ion values into groups was apparent with more 

inseparab i lity on MSS 4 against MSS 6. 

on the data showed vegetation had 

Linear regressions used 

higher NIR and visible 



261 

reflectance values throughout (Figur e 6.1 and 6.2). Vegetation 

and soil regression lines were quasi-paral lel and extremely 

close , s uggesting that the separation of vegetation f r om soil 

solely using pixel values was almost impossible. In Barkly, 

the data showed differences between the plot for MSS 6 against 

MSS 4 and MSS 7 against MSS 5 (Figures 6 . 3la and 6. 3lb) . 

Linear regression lines for MSS 6 and MSS 4 showed that 

vegetation cover had higher overal l reflectances than soil. A 

cross-over occurred at lower reflectance values with soil 

showing potentially higher readings . The regression line for 

MSS 7 and MSS 5 a ppeared superficially similar to that for King 

River, with s oil and vegetation regression l ines essentially 

parallel. In Barkly the regression lines originated 3- 4% lower 

than for King River suggesting that both soil and vegetation 

reflectance was lower in the semi- arid region. In Simpson, 

cross-ove rs in the regression curves were evident both in MSS 6 

against MSS 4 and MSS 7 against MSS 5 (Figure 6.42a and 6. 42b). 

In general vegetation reflectances tended to be lower than soil 

reflectances at high r eflectance values whereas the reverse was 

true at low reflectance values. This supported the view that 

transforms involving the differencing of NIR and visible 

wavebands were less likely to be effective in s emi -arid/arid 

regions and were more like l y to be effective in sub-tropical 

regions. Only at green vegetation densities approaching those 

of Barkly could realisti9 results be anticipated . Most 

aecurate res ults would be. in sub-tropical areas. 

Soil reflectance, given tha t textura l charact eristics are 

similar, may be expected t o produce similar reflectance curves 

throughout the three study regions. The s ha pes of the curves 

followed distinctly different trends . To generalise , i n King 

River MSS 5 and MSS 6 values were relatively h igh compared to 

MSS 4 and MSS 7 (Figure 6.3). In Barkly MSS 5 and MSS 7 values 

were relatively high compared to MSS 4 and MSS 6 (Figure 6.32). 

In Simpson all values increased more uniformly wi th NIR values 

being higher than visible values (Figure 6.43). The physical 

reasons underlying these trends are not clear but may be due to 

the predominance of: 
1. Better formed (i.e . more mature) lateritic soils in King 

River with a h igher incidence of exposed bedr ock. 
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2. Calcareous soils and fine silty sands i n Barkly. 

3. Coarser sand in dunes, a nd pebbles in gibber plain 
environments in Simpson. 

To determine the statistical significance of differences 

between the soil types two, one-way ANOVA tests were run using 

mean values from the four wavebands . Results from the first 

test indicated that at the 99% significance level the null 

hypothesis was re jected indicating that the samples were drawn 

from d i f ferent populations (Table 8 .5 ). 

TABLE 8 . 5 Results of one factor ANOVA - repeated measures f or 
the mean soil reflectances of King River, Barkly and Simpson. 

Source df Sum of Mean Square F-test P value 
Squares 

Between group 3 537 . 926 179 . 309 28.741 0.0001 
Within groups 8 49 . 910 6 .2 39 
Treatments 2 29 .142 14.571 4.210 0.0721 

Residual 6 20.768 3.461 
Total 11 587 . 835 

Mean reflectance Count Mean Std. dev Std Error 

King River 4 20 . 623 5 . 964 2 . 982 

Barkly 4 18 . 245 7.768 3 .884 

Simpson 4 22 . 020 9 . 503 4.752 

In a second t est the means of seven samples were co

tested t o determine whether these were derived from the same 

popu lation (Table 8 . 6) . Each had the same Munsell colour 

notat ion though not necessar ily the same texture. Results 

indicated that at the o.ooo3 
hypothesis was rejec ted showing 

from different populations. 

significance level the null 

that the samples were drawn 

The inherent differences in the 

soil reflectance curves underscored the fact that techniques 

for separa t ing out vegetation and soil were unique in each 
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case. This was emphasised by soil reflectances coming from 
different populations. 

Results of radiometer data for different increments of 

vegetation cover over different soil types showed no c lear 

trends. This indicated that specific reflectance relationships 

were soil type and species type dependent. In Section 6. 2. 3 

(King River) evidence suggested that reflectance trends of 

individual species may be grouped into three type classes 

(Table 6.5). Darkening was ev ident on all wavebands in Type 1. 

Darken ing was evident 

darkening) in Type 2. 

only on certain wavebands (partial 

In Type 3, all increments of green cover 

showed increased r eflectance in all four wavebands . 

TABLE 8.6 Results of one factor ANOVA - repeated measures for 
the mean reflectances of seven soils with comparable Munsell 
colour - King River, Barkly and Simpson. 

Source df Sum of Mean Square F-test P value 
Squares 

Between group 3 529.490 176.479 21.866 0.0003 
Within groups 8 64.574 8.072 
Treatments 2 41.225 20 .613 5.297 0.0473 

Residual 6 23.349 3 . 891 
Total 11 594.064 

Mean reflectance Count Mean Std. dev Std Error 

King River 4 22.683 6.489 3.244 
Barkly 4 18.245 7.768 3.884 

Simpson 4 21.295 9.046 4. 52 3 

To determine the statistical significance of differences 

between the three categories a one-way ANOVA was run. Results 

indicated t hat at the 96% significance level the null 

hypothesis was rejected, indicating the likelihood that the 

samples were drawn from different populations (Table 8.7) · The 

three vegetation groupings may therefore be considered 

statistically separable entities with respect to the 

interpretation of satellite imagery. 
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TABLE 8.7 Results of one factor ANOVA - repeated measures for 
the mean reflectances of darkening, partial darkening and NIR 
plants - King River 

Source df Sum of Mean Square F-test P value 
Squares 

Between group 3 609.669 203 . 223 21.118 0 . 0004 
Within groups 8 76.985 9 . 623 
Treatments 2 44.042 22.021 4.011 0.0784 

Residual 6 32.943 5 . 490 
Total 11 686.654 

Mean reflectance Count Mean Std. dev Std Error 

Darkening 
Partial darkening 
NIR 

4 
4 
4 

18.550 
22.360 
18.083 

7 .614 
9.122 
8 .54 6 

3.807 
4.561 
4.273 

In King River vegetation reflectance was compared over 

soil, dead grass and litter. Dead grass and litter were more 

significant background components than in Barkly or Simpson . 

In general the curves of the green vegetation cover over dead 

grass (section 6.2.4) or litter showed no trends in the visible 

(MSS 4 and MSS 5) and mostly showed high NIR (MSS 6 and MSS 7) 

. reflectance. . . By comparing the .overall 

(dead grass and litter backgrounds 

backgrounds), green vegetation over dead 

categorised as being highly reflective 

River. 

reflectance trends, 

compared with soil 

grass and litter were 

in the NIR in King 

To determine how a particular species responded to 

different backgrounds in King River, Eucalyptus latifol ia, a 

common though scattered species, was selected for comparative 

analysis. Green cover reflectance values at 20% , 40% and 60% 

were summed for ANOVA analysis. A background of dead grass 

tended to reduce reflectance in all bands especially in the 

visible (Figure 8. 3) . over a background of bare soil h 

latifolia showed greatest potential separability on MSS 6. On 

all bands reflectance was highest for soil background. Litter 
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reflectance values were intermediate, between thos e of dead 

grass and soil. To determine the statistical significance of 

differences between the three categories a one way ANOVA was 

run. Results showed that at the 99% significance level the 

null hypothesis was accepted (Table 8 . 8). Despite differences 

in background for averaged E . latifolia reflectance the 

resultant data were drawn from the same parent population. 

TABLE 8.8 Results of one factor ANOVA - repeated measures for 
the mean reflectances of dead grass, soil and litter as 
background components - King River 

Source df 

Between group 3 
Within groups 8 
Treatments 2 

Residual 6 
Total 11 

Mean reflectance 

Dead grass 
Soil 
Litter 

Sum of 

708.869 
386.153 
167.502 

218 . 651 
1095.023 

Count 

4 
4 
4 

Mean Square F-test 
Squares 

236.290 
48 . 269 
83.751 

36.442 

Mean 

20 . 718 
25.795 
16 . 663 

4.895 

2.298 

Std. dev 

10.101 
10.640 

9.692 

P value 

0.0322 

0 .1815 

Std Error 

5.050 
5 . 320 
4.846 

As indicated, three cover/background categories were 

identified for King River, Type 1 darkening evident (24%), Type 

2 pa rtial darkening (36%) and Type 3 with higher reflectances 

on all bands, that is NIR reflective vegetation (40%). As a 

category darkening occurred least in King River. In Barkly 

darkening occurred 25% of the time and partial darkening 

occurred 75% of the time. No relatively high NIR reflective 

vegetation was found among the eleven Barkly samples . 

Plectrachne pungens (spinifex grass) was included in the 

partial darkening category. In Simpson a further eleven 

species types and dead wood were measured over bare soil 

reflectance. Darkeni ng occurred 72% of the time and partial 
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darkening 27% of the time. As with Barkly no NIR reflective 
vegetation was encountered. Triodia basedowii (spinifex grass) 

was included in the darkening category, for simpson. 

Reflectance curves were soil type (colour) and plant species 
dependent .. 

In terms of potential groupings of specific feature 

reflectance in NIR-VIS space for King River, thirteen 

categories were found to be in some measure s pectrally 

separable using MSS 7 and MSS 5. Using MS S 4 a nd MSS 6, t e n 

categories 

relatively 

were 

well 

separable. For MSS 6 

defined soil line was 

against MSS 4 a 

developed between 

clusters 1 and 8 with most of the vegetation classes lying 

above the soil line. Distance from the soil line (where 

defined) was found to be more a function of species type than 

green vegetation cover. All proportions of Acacia spp. lay 

close to the soil - line while different Eucalyptus species lay 

at increasing distances away from the soil - line . The soil-line 

was less well defined for MSS 7 against MSS 5, partly because 

it consisted of a compound line i nvolving a number of different 

soil types. Certain Eucalyptus species lay close to the soil

line while Grevillea species and certain Acacia species 

clustered at some distance away from the soil line. 

In Barkly region more clusters appeared to be separable 

in MSS 7 against MSS 5 than in MSS 6 against MSS 4. For MSS 6 

against MSS 4 no distinct soil-line emerged, as both sand and 

calcrete ~ere · highly r~flective. Darkening was apparent with 

clusters of Acacia and Cassia species less reflective than 

background soils. Euca l yptus papuana, however, had a highe r 

NIR reflectance than the soils. In the MSS 7 against MSS 5 a 

dead woodjsoils line was apparent with E. papuana mainly 

showing a higher NIR reflectance than background soil. Acacia 

and Cassia species general ly had a lower NIR and red 

reflectance than the soil . In Simpson region most clusters 

appeared separable in MSS 7 and MSS 5 feature space. High 

reflectance of all soil types was found in MSS 6 against MSS 4 

with different species types being more absorptive . In MSS 7 

against MSS 5 certain species of low trees and shrubs were more 

highly reflective in the NIR while most of the clusters 

indicated grass and low trees as being absorptive. 
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It became clear that in all regions a higher degree of 

separation of f eatures was found using MSS 7 against MSS 5 

combinations than MSS 6 against MSS 4. This was in contrast to 

the individual feature separation, where ratios and transforms 

using MSS 6 and MSS 4 were found most useful. Most evidence 

for a relatively distinct soil line was found in King River . A 

sub-tropical reflectance pattern existed with areas of green 

vegetation cover having a relatively high NIR reflectance. 

These did not cluster by percentage cover but more by species 

types away from the soil - line. In Barkly and Simpson all soil 

types t ended to be clustered towards the more highly reflect ive 

zones with individual species being more highly reflective in 

MSS 7 (but not in MSS 6) . Most species were more absorptive 

than the soil background. This was indicative of darkening. 

8.4 COMPARISON OF IMAGE PROCESSING 

Problems were encountered in comparing the three regions 

as each were the product of their antecedent rainfall (Chapter 

3) . King River was subject to heavy antecedent rains enhancing 

its r elatively abundant green vegetation cover . In Barkly and 

Simpson very little rainfall had occurred prior to image 

acquisition . Despite the rainfall differential, the 

understorey in King River was almost completely senesced at the 

time of image acquisition and field work (21.5 . 91} . Highly 

reflective green vegetation essential ly resulted from the 

canopy layer. The background components in King River 

comprised dense senesced herbaceous cover (mainly dead grass), 

litter and soil whereas the background components in Barkly and 

Simpson were mainly soil. In all regions image processing 

therefore focussed on canopy layers to separate these from 

prevalent spectral, background influences. 

8.4.1 Analysis of dark pixel corrected i mage 

All three study regions showed a marked contrast in terms 

of feature recognit ion. This was enhanced by dark pixel 

correction on visible bands in King River and all bands in 

Barkly and Simpson . DPC images were used as a basis for 

further image processing in all regions . 

A general description of the main features on each band 

essentially highlighted the contrast between the three regions . 



269 
MSS 4 showed cultural, soil-feature differentiation and 
vegetation contrasts in King River, and to a lesser extent in 

Barkly. In Simpson, MSS 4 data were restricted to major 

geomorphological feature separation. MSS 5 provided similar 

information to MSS 4 but with evidence of green vegetation, 

drainage patterns and gravel pit information in King River. In 

Barkly similar features were apparent in MSS 5 with additional 

calcrete definition. MSS 5 in Simpson, did not show clear 

vegetation separation but provided more detail in dune and 

outcrop areas. MSS 6 and MSS 7 showed highly reflective 

vegetation in King River, in addition to species specific 

darkened areas . Burn scars and drainage patterns were also 

clearly defined . The NIR bands in Barkly also showed green 

vegetation cover but this was mainly confined to darkened 

vegetation. Cultural features were also apparent on NIR bands. 

Whereas some darkened vegetation was clear on MSS 6 and MSS 7 

in Simpson, most contrast occurred in terms of the relative 

width of dune spacing. 

The King River 

different colour hues. 
colour composite showed features in 

Abundantly growing green vegetation 

cover was red and pink. Rock outcrops and darkened vegetation 

were in dark/light hues while thinly vegetated limestone 

bedrock areas were pink/blue. The Barkly colour composite 

showed actively growing vegetation among the linear features 

and calcrete outcrops in red hues. .Darkened vegetation 

(especially Acacia georginae} was . evident qn thinner soils to · . . . . 
.the north: The Simpson colour composite showed gradations of 

darkened vegetation throughout with NIR vegetation on the dune 

crests. 

Plots showing mean pixel values in the MSS bands for sub

regions within the three Study Regions are shown on Figures 

8. 4, 8. 5 and 8. 6. The relatively low visible and high NIR 

reflectance of King River resulted from the higher proportion 

of green vegetation cover in this region. This depicted 

typical NIR-vegetation reflectance curves. The curves for 

Barkly which showed relatively low NIR reflectance were also 

indicative of higher proportions of green vegetation. The 

Simpson curves more approximated those for exposed soils since 

little vegetation cover was evident. The tendancy towards 
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Figure 8 . 4 Spectral plots taken from digital imagery 
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Figure 8 .6 Spectral p lo ts taken from digital imagery of 
Simpso n s howing (1) moderate NIR reflectance due to thin 
(though darkened) vegetation cover (2) spectral separation 
between the t wo physiographic sub-regions. The degree of 
darkening b r ought about by scattered s tands of Acacia 
aneu ra is als o s hown. 
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overall vegetation darkening was depicted by MSS 7 having 
lower values than MSS 6. 

Overall band correlations were generally similar between 

the three regions. MSS 5 and MSS 7 were well correlated 

(r=O. 78) . The correlation between MSS 5 and MSS 7 for King 

River (r=0 .47) was lower than that for Barkly (r=0.64), while 

in Simpson MSS 5 and MSS 7 were well correlated (r=0.78) . 

Twelve scatterplots were interactively produced for all 

single bands. When NIR data were plotted against visible data, 

a soil-line emerged in King River . In Simpson and Barkly, 
where darkened vegetation was apparent, soil-l ines were also 

evident with scattered vegetation points . An attempt was made 

to separate out the main physiographic sub-regions of each 

study region in addition to depicting spectral characteristics 

of key features. Figure 8. 4 shows the high NIR reflectance 

characteristic of King River, with little separation between 

the three sub-regions. Darkening by Acacia shirleyi was only 

really evident on MSS 7. Figure 8 . 5 shows the three 

physiographic sub-regions of Barkly and the pronounced 

darkening by Acacia georginae . Figure 8 . 6 shows the two 

separable sub-regions of Simpson and the pronounced darkening 

by Acacia aneura. 

8.4.2 Band ratios, band transforms and vegetation indices 

Twelve band ratios were calculated for each region. In 

King River vegetation was separated most clearly from 

. back_grou!ld components. using ratios· MSS ·5/6 ana MSS 5/7. In 

Barkly the most useful ratios were MSS 7/5 and MSS 4/5. I n 

Simpson some suggestion of vegetation detail was found in MSS 

6/5, MSS 6/7, MSS 7/5 and MSS 7/6. For King River ratio 

images, vegetation was in light gray tones whereas in Barkly 

and Simpson vegetation cover was depicted in dark gray tones. 

A series of subtractive and additive images were 

introduced experimentally in all regions . In King River, green 

vegetation cover was discerned on MSS 7+5 and MSS 6+4. In 

Barkly green cover was found on MSS 7-5, MSS 7+5, MSS 6-4 and 

MSS 6+4. In simpson MSS 7-5 was useful. When subtractive and 

additive images were ratioed the resulting data from King River 

and Barkly showed green vegetation cover on MSS 6-4/6+4 and MSS 

7-5/7+5. These transforms were not useful in the Simpson 
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region. 

Tasselled cap transforms were also applied in all three 

regions. In King River, some vegetation separation was visible 

on the brightness image. Since the scatterplot of brightness 

and greenness showed two axes the data were saved for input to 

DPCA. In Barkly some separation was also apparent on the 

brightness and greenness plot. In Simpson no separation of 

green vegetation from soil background was accomplished using 

the Tasselled cap transform. 

8.4.3 Principal components Analysis 

Principal Components Analysis was attempted on a range of 

input bands based on two separate criteria: 

1. Input was applied from a range of image s ( DPC or rat i os) 

that showed green vegetation cover (PCA), or 

2. Input was applied from a directed approach using a pre

determined separation of assumed soil and green vegetation 

features (DPCA). 

A large number of PCA's were run for King River because 

green vegetation was evident in many bands a nd transforms and 

combinations of ratio bands and transforms showed two axes in 

conventional scatterplots. 

separation occurred in: 

In particular, green vegetation 

1. Covariance and correlation matrices for PC1 and PC2 using 4-

channel DPC as input. Most vegetation data were on MSS 7. 

2.PC1 (covariance) using MSS 5/6 and MSS 5/7 as input. Most 

.information data were on MSS 5/6. 

3. PC2 (covariance and correlation) using MSS 4/5 and MSS 4/6 

as input. Most vegetation data were on MSS 4/ 5. 

4. PCl (correlation and covariance) using MSS 5/6 and MSS 6/7 

as inputs. Most vegetation data were on MSS 5/6. 

5. PCl (covariance and correlation) using MSS 6-4/6+4 and MSS 

7-5/7+5 as input. Most vegetation data were on MSS 7-5/ 7+5. 

In summary, in King River twelve combinations of bands, ratios 

and transforms showed improved green vegetation discrimination 

when run through PCA. 

Fewer PCAs were calculated for Barkly. While green 

vegetation discrimination was apparent there was more merging 

of vegetation with background soil. In Barkly DPCA was not 

effective so PCA was run on band combinations which visually 
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showed green vegetation separation. A summary of results 
indicated separation occurred in: 

1. PC1 (covariance and correlation), PC2 (covariance) using 4-

channel DPC as input. Most green vegetation data were spread 

evenly throughout the 4 bands. 

2. PCl and PC2 (correlation) using MSS 7/5 and MSS 4/5 as 

input. Green vegetation data were evenly spread between the 

two input channels. 

3. PCl (correlation) using MSS 7-5, MSS 7+5, MSS 6-4 and MSS 

6+4 as input. In this case green vegetation data were weighted 

towards MSS 7+5 and MSS 6+4. 

In summary a total of seven combinations of single bands, 

r atios and transforms when run through PCA showed improved 

green vegetation discrimination in Barkly . 

Optimistically a comparable number of PCAs were ruR for 

Simpson as for Barkly, although an increased merging of 

vegetation with background soil was anticipated. In Simpson 

PCA was run on band transforms which visually showed some green 

vegetation cover. The results of PCA s howed no clear 

separation of green vegetation and soil so normalised and non

normalised albedo corrections were run on the data. Results 

showed some green vegetation cover using non-normalised inputs 

but better separation of green cover was evident using 

normalised inputs. 

8.4.4 Analysis of data input for classification ·. 

Prior· to -·classification · channel specification analysis 

(CSA) was applied to all bands · and transforms which showed 

visual separation of green vegetation and soil. When 

statistically compared to known green cover from field sites 24 

channels were identified as containing green vegetation cover 

data in King River (Table 7 . 11) . Analysis of variance of 

regression indicated that MSS 5, MSS?-5/7+5, PCl covariance MSS 

6-4/6+4 and MSS 7+5 (all at p=<O. 0005) , contained most green 

vegetation data. This was interesting since: 

1. MSS 5 is rarely considered to be a lone predictor of green 

vegetation cover in areas of >35% total green vegetation cover. 

2. PCA ratios of MSS 6-4/6+4 have rarely (if ever) been used to 

predict green vegetation cover in the literature. As indicated 

earlier (Chapter 2) most band transforms include MSS 7 and MSS 
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5. 

3. MSS 5 and MSS 7 are also considered significant in King 
River. 

In Barkly 15 channels were finally visually identified as 

containing green vegetation cover dat a (Table 7.24) when 

compared to known green cover f rom field sites. Analysis of 

variance of regression indicated (at p=<0.0016) that MSS 5, PC1 

correlation MSS 4/5, PC1 covariance MSS 4, 5 and 7 and DPC 7 

and DPC 4 contained most green vegetation data. These results 

could have been anticipated in some measure because: 

1. MSS 5 is more likely to be considered a lone predictor of 

vegetation cover in semi-arid areas (Ringrose and Matheson, 

1987) . 

2. Different PCA inputs have been used in the literature (eg. 

Walsh et al., 1990} to predict green vegetation cover in areas 

of intermediate cover (15-25%). 

3. Less anticipated (though not as highly ranked), were MSS 7 

and MSS 4 which do not normally contain sufficient green 

vegetation cover information (as single channels) to be 

considered significant. 

In Simpson problems arose as no bands or transforms were 

considered to have successfully separated green vegetation from 

soil. Therefore in Simpson all 37 channels were input to CSA . 

When compared to known green vegetaton cover from field sites, 

analysis of variance of regression indic;;ated (at p=< O. 0003) 

that :.MSS 7-5, NormalisE7:d albedo· MSS . 5, MSS 7/5 and Mss· 6/5 

contained most predictive vegetation data. These results were 

interesting as: 

1 . Normalised albedo on MSS 5 has not previously been 

considered particulary useful although this does provide a 

modified measure of consistency with King River and Barkly. 

2. MSS 7-5 has rarely been considered to be a valid vegetation 

index in areas which have not recently been subject to green 

flush condition (Ringrose and Matheson, 1989} although there 

are abundant examples in the literature to the contrary (Tucker 

et al. 1986). 

3. Ratios involving MSS 6/5 have never previously been 

considered significant in predicting green vegetation cover in 

arid environments. 
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8.4.5 Classification results 

Since the channel inputs were pre-selected on the basis 
of information pertaining to green vegetation cover, training 

sites were designed to focus into specific vegetation types (as 

indicated on the colour composite). In each case the results 

of parallelepiped and minimum distance to means classifiers 

were discounted as a greater measure of success was gained 

using the more sophisticated maximum likelihood classifier on 

the ESIPP system. 

A total of nine vegetation classes were identified for 

King River. These were generally interpreted in terms of 

highly NIR reflective characteristics (50.2 % of the area), 

partially NIR reflective and partially darkened (11.1% of the 

area) and darkened (29.9% of the area). Consideration of the 

total green (canopy+live herbaceous cover) vegetation cover in 

each class resulted in the NIR classes containing an average 

52.1% green cover and the darkened class es containing an 

average 37.6% cover. As the green cover for the partial 

darkening classes fell within the range for darkened 

vegetation, it was concluded that partial darkening classes 

should be classified along with darkening categories, when 

considered spatially at 80 m pixel resolution . A further 

conclusion was that the cut- off for NIR reflectance/darkening 

on MSS imagery in the sub-tropical area occurred at around 45% 

green vegetation cover. From field data darkening species . . . 
mai11ly · .. included Acacia shirleyi in· monospecific stands; 

Eucalyptus pruinosa on sandy soil; Buchanania obovata on 

gravel; Petalostigma sp. and Grevillea decurrens on silty sand 

with a fairly low live herbaceous cover. NIR reflective 

species included Terminalia grandifolia on sand and gravel; 

Terminalia pterocarya, Acacia dimidiata , Acacia oncinocarpa and 

Eucalyptus tectifica on sand; Eucalyptus tetrodonta and Croton 

m2_. on gravel. This reflectance type tends to presuppose a 

relatively high live herbaceous cover. 

A total of nine vegetation classes were identified for 

Barkly and generally interpreted in terms of highly NIR 

reflective characteristics (39.8% of the area), partially 

darkened (2.77%) and darkened (57.4%) vegetation. 

Consideration of the total green vegetation cover in each class 
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resulted in the NIR classes containing an average 45.2% green 

cover and the darkened classes containing an average 3 6 . 2% 

cover. As with King River, the partial darkened class was 

s mal l and so was included as one of the darkened c l asses. A 

further conclusion was that a general cut-off for NIR 

reflectance/darkening on MSS imagery in the semi-arid zone is 

around 48.6%. This was similar to King River and mainly related 

to darkening species such as Acacia georginae present in 

monospecific stands, Cassia sp ., Acacia coriacea, Ventilago 

viminalis, Atalaya hemiglauca and Eucalyptus termi nalis , all on 

silty sand. These tended to occur with relatively low live 

herbaceous cover. Dense monospecific stands of Acacia 

georginae were found locally to exceed the 48% level. In this 

case a higher density was equated with increased darkening due 

to deep shade and litter. Such areas in King River and Barkly 

are exceptional and species specific. NIR reflective species 

included Euca lyptus papuana and Acacia lysiphloia nn silty 

sand.. This reflectance type tended to be associated with a 

relatively high live herbaceous cover . 

A total of four vegetation and five soil- based classes 

were identified for Simpson and generally interpreted in terms 

of darkening characteristics. For Simpson CSA input images 

proved unacceptable in separating four darkened vegetation 

classes. Maximum likelihood classification. run on the DPC 

image of MSS 4, MSS 5, MSS 6 and MSS 7 produced better feature 

separation. .H~nce ,.CSA_ was -not effective in areas of l~w green 

vegetation cover over mostly highly reflective desert soil 

types. Simpson classes were generally interpreted in terms of 

different gradations of darkening . In total darkened vegetated 

areas represented 50. 6% and soil s areas 49.4%. Soil areas 

included gibber, silt and outcrop units to the south and 

contained between 1- 3.7% mainly low shrub and saltbush cover. 

The classifiers were not sufficiently sensitive to detect such 

low covers. The darkening gradients were mainly apparent over 

dunes and ranged from class 1 (21% green cover), to classes 4 

and 5 ( 15% green cover) , to class 8 ( 10% green cover) . No 

partial darkening species were identified in Simpson . 

Interestingly all Simpson vegetation classes fell well 

below the 45-48% NIR/darkening cut-off which appeared to be 
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functional in King River and Barkly. Since a range of green 

vegetation densities and species types occurred over a 

relatively homogeneous soil (sand), the darkening classes could 

in effect be density sliced. Species differences also occurred 

in the three gradational classes. Class 1 contained mainly 

Dodonaea viscosa spp . angustissima, Acacia dictyophleba and 

Acacia ligulata, with a relatively dense ground cover of 

Sclerolaena spp. , over dunes and swales. Classes 4 and 5 

contained mainly Acacia dictyophleba, Grevillea stenobotrya and 

Zygochloa paradoxa with a low density ground cover occupying 

mostly the upper dune flanks. Class 8 contained Dodonaea 

viscosa spp. anqustissima, Grevillea stenobotrya and Cassia 

spp. with a relatively high ground cover over narrowly spaced 

dunes 

8.4 . 6 Classification accuracies 

In King River, the entire area exceeded the 85% accuracy 

criteria at 89.4%. Near infrared classes showed the lowest 

overall average accuracy at 88. O%, partial darkening classes 

had an average accuracy of 89. 0% while darkening classes had 

the highest overall average accuracy of 92.9%. As indicated 

above, the partially darkened classes proved most difficult to 

classify. It appeared that partial darkening probably did not 

represent an individual class type but could more realistically 

be considered part of the darkening classes in terms of species 

type and cover percentage . In King River higher class 

accuracies were generally . fop.nd in the ·lower green · vegetation 

cover cl~~ies: Lower green vegetation cover generally 

corresponded to classes in which darkening species were most 

prevalent. These tended to be scattered at low cover 

percentages (20-40%) with the exception of monospecific stands 

of Acacia shirleyi. 

For Barkly the entire area exceeded the 85% accuracy 

criteria at 89%. Darkening classes showed lowest overall 

average accuracy of 87 . 8%. Partial darkening classes had an 

average accuracy of 92.8%. In terms of NIR and total darkening 

classes, this was the reverse situation from King River in that 

the NIR classes have both a higher cover percentage ( 3 0-60%) 

and a higher classification accuracy. Darkening species were 

more scattered in Barkly possibly relating to lower class 
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accuracies. Exceptions included dense monospecific stands of 

Acacia georginae which comprised 65% darkened species cover. 

In terms of classification accuracy for Simpson, the 

entire area exceeded the 85% accuracy criteria at 90.5%. The 

soils classes resulted in the lowest overall average accuracy 

of 86 . 44% . The darkening vegetation classes had a higher 

classification accuracy averaging 94. 15%. The Simpson class 

accuraci es were similar to King River in that higher class 

accuracies were reached at lower vegetation covers. The 

darkening classes in Simpson showed a gradation from extensive 

less dense classes with high class accuracies to denser classes 

which showed lower accuracies. 

8.5 CONCLUSIONS 

General conclusions are as follows : 

1 . Sub- tropical, semi-arid and arid study regions were 

selected for comparative digital analyses to effect 

vegetation cover mapping and poss ible species 

identification. Average isohytes for the regions were 1 

056.5 mm, 421.5 rnm and 275.5 rnm respectively. 

2. Green vegetation cover ranged from 31-39% in the sub

tropical region (King River), 2 3- 28% in the semi- arid 

region (Barkly) and 3- 9% in the arid region (Simpson) . 

3. King River had the highest plant c.ount ( 0 . 21) and species 

richness (0.54) indices, per uni~ area. Barkly was 

· intermediate at o .13 and 0 . 44 . Simpson· was lowest at 

O. li a nd o . i~: The plant counts were similar for Barkly 

and Simpson. The species richness was considerably less 

for Simpson than in the other regions. 

4. The most prevalent species in King River were Eucalyptus 

soo.. and Erythrophleum chlorostachys. In Barkly Acacia 

spp., Ventilago viminalis and Cassia spp. were most 

common . In Simpson Acacia sop. were the most prevalent 

s peci es on the dunes with Sclerolaena sop. more common on 

s t ony soil. 

5. Hand held radiometer results showed similar green 

vegetat ion reflectance characteristics for each reg ion . 

Very little direct association was found between single 

band values (and band transforms including vegetation 
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indices) and increments of green vegetation cover. 

6 . The ability of MSS data transforms and vegetation indices 

to predict green vegetation cover appeared to decrease as 

vegetation cover decreased. 

7. Incremental vegetation cover over different background 

components (combined spectra) resulted in three 

vegetation reflectance types, Type 1 = darkening, Type 2 

= part ial darkening and Type 3 = highly NIR reflective. 

Type 1 and Type 2 were evident in all areas while Type 3 

was most prevalent in King River. 

8. Spectral plots of digital data field sites tended to be 

similar to trends evident in the rad iometer data, with 

King River showing high r ef;Lectance on the NIR bands. 

Barkly reflectance curves showed exte nsive darkening on 

the NIR bands. Simpson showed less darkening than Barkly 

due to its lower vegetation cover. 

9. Key darkening species were identified spectrally from 

each region. These were Acacia shirleyi in King River, 

Acacia georginae in Barkly and Acacia aneura in Simpson. 

These species formed separate classes in the final 

classification maps . 

10. Different combinations of single bands, band transforms 

and PCA data were used as input to final classification 

analysis using analysis of variance of regression. 

Whereas processed data proved most effective in King 

River, single band data was equally useful in ·Barkly and 

Simpson. 

11. Final classification maps were prepared at the scale of 

about 1: 100 000. These showed nine vegetation classes 

fo r King River and Barkly and four vegetation classes for 

Simpson. 

12. In most classes reference was made to specific though 

scattered NIR reflective, partial darkening or darkening 

species . 

ascribed 

High classification accurac ies (about 90%) were 

to the channel selection techniques applied 

prior to classification. 

13. Further work is required using image processing on MSS 

wavebands: 

a. In the sub- tropical region to identify further 
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species 

provide 

reflectance 

indications 

species decline. 

characteristics 

of areas of 
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and to 

relative 

In the semi-arid regions where darkening 

species are sufficiently dense to provide a 

good basis for mapping, additional species 

require identification including those in 

monospecific stands. 

14. Additional work is also required to determine whether 

more specific mapping data can be obtained using Landsat 

TM imagery. 
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APPENDIX I 

Field site numbe r Location Date 

Plant name Tl T2 T3 T4 TS T6 

Tl T2 T3 
Sample %L %BS %AHC %DHC %L %BS %AHC %DHC %L %BS %AHC %DHC 

20m 
4 0m 
60m 
80m 

l OOm 
120m 
140m 

T4 TS T6 
Sample %L %BS %AHC %DHC %L %BS %AHC %DHC %L %BS %AHC %DHC 

20m 
40m 
60m 

l OOm 
120m 
140m 

Additional information -

Munsell c olou r : 

Soil textu re: 

Erosion features : 

Deposi t ion features: 

Diagrams: 



Field Work Summary Sheet 

Location code: 
Ecoregion: 
Soil condition: 
a. Micro-mesoform: 
b. Texture: 

APPENDIX II 

KR1 
rock outcrops 

incipient gullying 
silt, gravel 
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Munsell soil colour: silt 5YR 5/6 yellowish red 
gravel 5YR 5/4 reddish brown 
gravel 7.5YR 6/4 light brown 
gravel 7.5YR 7/6 reddish yellow 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

Plant name 

Ervthrophleum chlorostachys 
Eucalyp tus papuana 
Lysiphyllum cunninghamii 
Eucalyptus porrecta 
Stenocarpus cunninghamii 
Owenia vernicosa 

No. 

194 
20 

2 
5 
1 

10. 
11. 

Calytrix exs tipulata 
Petalostigma pubescens 
Grevillea decurrens 
Carissa spo . 
Eucalyptus clavigera 

18 
1 

242 
10 

1 
1 

Summary of area of 2 880 m2 
Total area 
in m2 

a. Green canopy cover 953.23 
b. Dead/dormant wood 170.47 
c. Live herbaceous cover 267.71 
d. Dead herbaceous cover 550.40 
e. Bare s oil 787.83 
f. Litter 150.36 

Canopy 
area m2 

584.62 
113.86 
13.28 
30.50 
0.79 

56.43 
0.79 

111.41 
39.97 

0.79 
0.79 

Average 
canopy 
area m2 
3.01 
5.69 
6.64 
6.10 
0.00 
3.14 
0.00 
0.46 
4.00 
0.00 
0.00 

Percent area 

33.09 
5.92 
9.29 

19.11 
27.35 
5.20 

so 

3.04 
10.50 

5.85 
10.14 
0.00 
3.11 
0.00 
0.00 
1.76 
0.00 
0.00 



Field Work Summary Sheet 

Location code: 
Ecoregion: 
Soil condition: 
a. Hicro-mesoform: 
b. Texture: 
Munsell soil colour: 

Plant name 

KR2 
river terrace 

rill erosion 
sand, silt 
silt SYR 5/6 yellowish red 
burnt debris over sand 
7.SYR 4/2 dark brown 

No. Canopy Average 
area m2 canopy 

area m2 

1. Brachvchiton diversifolius 22 
91 
66 
58 
36 
10 
22 
69 
20 
12 

62.58 
41.54 

207.16 
123.56 
28.30 

2.84 
0.46 
3.14 
2.13 
0.79 
8.66 
2.71 
0.23 
9.41 
1.59 
2.30 
1.03 

2. Young Eucalyptus spp. 
3. Erythrophleum chlorostachys 
4. Eucalyptus foel s cheana 
5. Croton arnhemicus 
6. Eucalyptus polycarpa 
7. Terminalia aros trata 
8. Grewia retusifolia 
9. Eucalyptus clavigera 

10. Ampelocissus acetosa 
11. Acacia bidwillii 
12. Lysiphyllum cunninghamii 

Summary of area of 2 880 m2 

a. Green canopy cover 
b. Dead/dormant wood 
c. Live herbaceous cover 
d. Dead herbaceous cover 
e. Bare soil 
f. Litter 

3 
18 

Total area 
in m2 
856.45 

42.1 
441.01 

1140.29 
217.12 
183.03 

86.64 
59.72 
15.57 

188.29 
18.19 
6.89 

18.52 

Percent area 

29.73 
1.46 

15.31 
39.59 

7.53 
6.36 
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so 

4.25 
0.28 
5.62 
4.83 
1.40 
5.37 
3.22 
0.12 
6.38 
2.22 
2.13 
1.21 



Field Work Summary Sheet 

Location code: 
Ecoregion: 
Soil condition: 
a. Micro-mesoform: 

b . Texture: 
Munsell soil colour: 

Plant name 

1. Casuarina cunninghamiana 
2. Terminalia spp. 
3. Eucalyptus tectifica 
4. Acacia bidwillii 
5. Grewia retusifolia 
6. Terminalia carpentariae 
7. Acacia holosericea 
8. Lysiphyllum cunninghamii 
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KR3 
river terrace 

gully and sheetwash erosion, 
surface incrustations 
silt, minor gravel+calcrete 
silt 7 . 5YR 6/6 reddish yellow 
sand 5YR 5/3 reddish brown 
silt 5YR 5/6 yellowish red 

No. 

19 
4 

161 
11 
44 

6 
5 

62 

Canopy 
area m2 

63.7 
8.16 

430.58 
19.93 
31.25 

7.05 
7.92 

78.12 

Average 
canopy 
area m2 

so 

3.12 
0.84 
3.48 
2.18 
0.54 
1.15 
0.75 
1.1 

9. Erythrophleum chlorostachys 9 42.60 
211.97 

9.71 
0.20 

14.38 

3 . 35 
2.04 
2.67 
1.81 
0.71 
1.18 
1.58 
1.26 
4.73 
8.83 
1.94 
0.00 
1.60 

12.41 
9.57 
2.54 
0.00 
2.00 

10. Eucalyptus camaldulensis 
11. Bridelia tomentosa 
12. Acacia alleniana 
13. Cathormion umbellatum 

Summary of area of 2 880 m2 

a. Green canopy cover 
b. Dead/dormant wood 
c. Live herbaceous cover 
d. Dead herbaceous cover 
e. Bare soil 
f. Litter 

Field Work Summary Sheet 

Total 
in m2 
925.57 
36.59 

422.47 
276.11 
655.63 
563.63 

24 
5 
1 
9 

area Percent area 

32.14 
1.27 

14.66 
9.59 

22.70 
19.57 



Field Work Summary Sheet 

Location code: 
Ecoregion: 
Soil condition: 
a. Micro-mesoform: 
b. Texture: 
Munsell soil colour: 

KR4 
river terrace 

rill erosion 
sand, late rite 
sand 5YR 5/8 yellowish red 
sand 5YR 4/4 reddish brown 
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gravel 2.5YR 3/4 dark reddish brown 

Plant name 

1. Grewia retus ifolia 
2. Lysiphyllum cunninghamii 
3. Bridelia tomentosa 
4 . Eucalyptus papuana 
5. Erythrophleum c hlorostachys 

38 
25 

8 
6 

14 
6. Terminalia platyphylla 
7. Eucalyptus foelscheana 
8. Acacia bidwillii 
9. Petalostigma pubescens 

10. Ampelocissus acetosa 
11. Young Eucalyptus spp. 
12 . Eucalyptus patellaris 
13. Eucalyptus polycarpa 
14. Calotropis procera 
15. Eucalyptus miniata 
16. Cathormion umbellatum 
17. Acacia pac hyphloia 

91 
18 
24 

6 
9 

33 
11 
28 

18. Brachychiton diversifolius 

1 
4 
2 
9 
7 
7 
8 

19. Terminalia grandiflora 
20. Owenia vernicosa 
21. Eucalyptus tectifica 

Summary of area of 2 880 m2 

a. Green canopy cover 
b. Dead/dormant wood 
c. Live herbaceous cover 
d. Dead herbaceous cover 
e. Bare soil 
f. Litter 

12 

Total area 
in m2 

1416.73 
0.00 

295.99 
517.41 
374.61 
275.26 

Canopy 
area m2 

54.69 
49.28 
5.97 

145.64 
184.29 
173.71 
252.59 
50.68 

3.81 
5.01 
7.78 

140.13 
19.21 
0.20 

88.66 
1.58 
5.34 

34.20 
33.15 
22.11 

138.70 

Average 
canopy 
area m2 

1.44 
1.97 
0 .75 

24.27 
13.16 

1.91 
14.03 
2.11 
0.64 
0.56 
0.24 

12.73 
0.69 
0.00 

22.17 
0.79 
0.59 
4.89 
4.74 
2.76 

11.56 

Percent area 

49.19 
0.00 

10.27 
17.97 
13.00 
9.56 

so 

1.99 
2.10 
0.82 

12.52 
9.64 
2.64 
8.20 
1.97 
0.58 
0.51 
0.14 
6.93 
0.65 
0.00 
3.51 
0.00 
0.28 
4 .20 
6 . 34 
3.03 

10.70 



Field Wo rk Summary Sheet 

Location code: 
Ecoregion: 
Soil condition: 
a. Micro-mesoform: 
b. Texture: 
Munsel l soil colour : 

Plant name 

KR5 
sand plains 

surface incrustations 
sand, silt 
sand 5YR 6/3 light reddish brown 
si lt 5YR 5/1 gray 

No. Canopy Average 
area m2 canopy 

area m2 
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so 

1. Young Eucalyptus spp. 123 531.3 4.32 11.88 
2. Ampelocissu s acetosa 123 193.34 1.57 2.01 
3. Eucalyptu s latifolia 22 179.84 8 . 17 6.52 
4. Eucalyp tus tetrodon ta 16 159 .96 10.00 5.99 
5. Melaleuca ~oo . 3 16.83 5.61 2.43 
6. Erythrophleum chlo r ostachys 30 367.02 12. 23 9.01 
7. Grewia retusifolia 36 11.92 0.33 0 . 25 
8. Eucalyptus setosa 4 22. 4 5.60 3.86 
9. Terminalia sop. 7 54.95 7.85 5.24 

10 . Terminalia grandiflora 6 53 .44 8.91 3 .57 
11. Croton arnhemicus 4 22.63 5 . 66 9.45 

Summary of area of 2 880 m2 
Total area Percent area 
in m2 

a . Green canopy cover 1613.63 56 . 02 
b. Dead/dormant wood 96.92 3 .37 
c. Live herbaceous cover 129.64 4.50 
d. Dead herbaceous cover 604 . 54 20.99 
e. Bare soi l 260.46 9 . 04 
f. Litter 174 . 81 20 .99 



Field Work Summary Sheet 

Location code: 
Ecoregion: 
Soil condition: 
a. Micro-mesoform : 
b. Texture: 
Munsell soil colour: 

Plant name 

1. Owenia vernicosa 
2. Young Eucalyptus ~PP-

KR6 
river terrace 

sheetwash erosion 
sand, silt 
sand 5YR 6/3 light reddish brown 
silt 5YR 4/1 dark gray 

No. Canopy 
area m2 

Average 
canopy 
area m2 

312 

so 

3. Erythrophleum chlorostachys 

9 
24 
20 

5 
28 
17 

6 

4.90 
4.80 

205.70 
15.38 
41. 23 

173.36 

0.54 
0.20 

10.29 
3.08 
1.47 

10.20 

0.61 
0.00 
8.74 
2.19 
1.99 
6.66 
3.58 

4 . Acacia bidwillii 
5. Ampelocissus acetosa 
6. Eucalyptus miniata 
7. Terminalia grandiflora 
8. Eucalyptus latifolia 
9. Grewia retusifolia 

10. Croton arnhemicus 
11. Acacia pachyphloia 
12. Petalostigma pubescens 
13. Eucalyptus setosa 
14. Grevillea pyramidalis 

Summary of area of 2 880 m2 

a. Green canopy cover 
b. Dead/dormant wood 
c. Live herbaceous cover 
d. Dead herbaceous cover 
e. Bare soil 
f. Litter 

11 
9 
6 
1 

13 
3 
7 

Total ar;-_ea . 
in m2 
845.47 

63.85 
595 . 98 
743.43 
337.28 
293.99 

40.70 
137.29 

8.77 
2.97 
0.20 

130.03 
74.20 

5.94 

6.78 
12.48 
0.97 
0.50 
0.00 

10.00 
24.73 
0.85 

PerGM!T'It area 

29.35 
2.22 

20.69 
25.81 
11.71 
10.21 

10.47 
1.01 
0.29 
0.00 
8.57 
7.08 
1.82 



Field Work Summary Sheet 

Location code: 
Ecoregion: 
Soil condition: 
a . Micro- mesoform: 
b. Texture : 
Munsell soil colour: 

Plant name 

1. Petalostigma pubescens 

KR7 
rock/lateritic outcrops 

ironstone gravel 
sand, gravel 
sand 5YR 6/6 reddish yellow 
gravel 2.5YR 4/4 reddish brown 

No. Canopy Average 
area m2 canopy 

area m2 

208.08 3.59 
2 . Erythrophleum chlorostachys 

58 
309 

42 
1 

12 
214 
141 

1 
12 
11 

8 

4 11.04 1.33 
3. Croton arnhemicus 
4. Melaleuca spp. 
5. Acacia platycarpa 
6. Terminalia pterocarya 
7. Eucalyptus tetrodonta 
8. Grewia brevifolia 
9 . Acacia shirleyi 

10 . Young Eucalyptus SQP-

1 1 . Calytrix achaeta 
12 . Acacia holosericea 
13. Distichostemon hispidu lus 

7 
2 

14. Calytrix exstipulata 
15 . Eucalyptus alba 

Summary of area of 2 880 m2 

a. Green canopy cover 
b . Dead/dormant wood 
c. Live herbaceous cover 
d . Dead herbaceous cover 
e. Bare soil 
f. Litte r 

61 
7 

Tot al area 
in m2 

1490 . 17 
63.28 

109 . 53 
363 . 98 
522.48 
330.56 

55.32 1.32 
0 . 20 0.00 

42.12 3.51 
295.61 1.38 
269.42 1.91 

0.20 0.00 
30.84 2.57 
2.79 0.25 

10.02 1.25 
49.11 7.02 
0.99 0.50 

58 .53 0.96 
55 . 90 7.99 

Percent area 

51.73 
2.20 
3.80 

12.64 
18.14 
11.47 

3 13 

so 

4.28 
2 . 92 
1.59 
0.00 
3.63 
1. 82 
2.98 
0.00 
2.00 
0.17 
1.21 
3.49 
0.30 
1. 72 
5. 47 



Field Work Summary Sheet 

Location code: 
Ecoregion: 
Soil condition: 
a. Micro-mesoform: 
b. Texture : 
Munsell soil colour: 

Plant name 

KR8 
eroded sand plain 

sheetwash erosion 
sand 
sand 2.5YR 5/6 red 

No. Canopy Average 
area m2 canopy 

area m2 

1. Croton arnhemicus 84 172 . 03 2.05 
2. Eucalyptus setosa 17 187.96 11.06 
3 . Eucalyptus foelscheana 12 103.45 8.62 
4. Young Eucalyptus spo. 21 11.05 0.53 
5 . Acacia bidwillii 1 0.79 0.00 
6 . Grewia retusifolia 176 84.88 0 . 48 
7. Brachychiton diversifolius 86 104.48 1.21 
8. Bridelia tomentosa 237 191.32 0.81 
9. Oweni a vernicosa 13 12 . 34 0.95 

10 . Ampelocissu s acetosa 23 15.21 0.66 
11. Eucalyptus tetrodonta 5 52.52 10.50 
12. Erythrop hleum chlorostachys 18 143.50 7.97 
13. Terminalia pachyphylla 5 33.17 6.63 
14. Eucalyptus miniata 14 187.75 13.41 
15. Terminalia grandifolia 8 32 . 79 4.10 
16. Eucalyptus oolycaroa 3 19.34 6.45 
17. Lysiphyl lum c unninghamii 9 28.33 3. 15 
18 . Acacia platycarpa 6 4.15 0.69 
19. Buc hanania obovata 8 4.55 0.57 
20. Petalostigma pubescens 9 45 .92 5.10 

Summary of area of 2 880 m2 
Total area Percent area 
in m2 

a. Green canopy cover 1435.53 49 . 84 
b. Dead/dormant wood 164 . 80 5.72 
c . Live herbaceous cove r 91.40 3.17 
d. Dead herbaceous cover 477.32 16.57 
e . Bare s oil 294.88 10.23 
f . Lit ter 416.07 14.45 
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so 

2.01 
7 .46 
7.25 
0.29 
0.00 
1.26 
3.03 
0.96 
1.28 
0.51 
5.20 
8.41 
6.01 
8.38 
5.95 
1.61 
3.49 
0.22 
0.29 
3.94 



Field Work Summary Sheet 

Location code: 
Ecoregion: 
Soil condition: 
a. Micro-mesoform : 
b. Texture: 
Munsell soil c olour: 

Plant name 

1. Acacia platycarpa 
2. Croton arnhemicus 
3. Petalostigma pubescens 
4. Young Eucalyptus soo. 

KR9 
sand plains 

rain pitted 
sand, minor silt 
sand SYR 5/6 yellowish red 
silty sand SYR 5/3 reddish brown 

No. 

81 
32 

Canopy 
area m2 

Average 
canopy 
area m2 

5. Brachyc hiton diversifolius 

7 
16 
14 
46 

27.73 
46.68 
25.62 
11.46 
36.11 

0.34 
1.45 
3.66 
0.72 
2. 58 

6. Eucalyptus miniata 
7. Pandanus s piralis 
8. Eryrthrophleum chlorostachys 

118 
41 
53 

606 
39 

5 
2 

9. Ampelocissus acetosa 
10. Grewia retusifol ia 
11. Planchonia careya 
12. Lysiphyllum cunninghamii 
13. Acacia bidwillii 
15. Terminalia grandiflora 
16. Asparagus spp. 
17. Owenia vernicosa 
18. Eucalyptus bleeseri 
19. Buchanania obovata 
20. Ficus SOP. 
21. Bridelia tomentosa 
22. Grewia breviflora 

Summary of area of 2 880 m2 

a. Green canopy cover 
b. Dead/dormant wood 
c . Live herbaceous cover 
d. Dead herbaceous cover 
e. Bare soil 
f. Litter 

14 
1 
8 
7 

14 
4 

100 
64 

Total area 
in m2 
1726.66 

189.44 
127.23 
105.87 
498 .07 
232.73 

487.68 
6.36 

124.07 
22. 15 
46 . 83 

141 . 14 
1.59 
0.40 

49.57 
0.79 
5.76 

76.27 
23. 44 
17.62 
9.76 

27.69 

10.60 
2.12 
3.03 
0.42 
0.08 
3.62 
0.32 
0.20 
3.54 
0.00 
0.72 

10·.90 
1.67 
4.41 
0.10 
0.43 

Percent area 

59.95 
6.58 
4 . 41 
3.68 

17.29 
38.08 

315 

so 

0.27 
3.13 
3.35 
0 .20 
4.89 
6.39 
0.00 
4.57 
0.32 
0.08 
4.20 
0.24 
0.00 
3.69 
0.00 
1.17 
5.09 
4.18 
2.96 
0.00 
0.31 



Field Work Summary Sheet 

Location code: 
Ecoregion: 
Soil condition: 
a. Micro-mesoform: 

b. Texture: 
Munsell soi l colour: 

Plant name 

1. Petalostigma spp. 

KR10 
ironstone gravel plains 

surface incrustations, 
sheetwash erosion 
sand, gravel, minor silt 
sand SYR 7/3 pink 
gravel 2.5YR 4/4 red 
silt 7.5YR 5/2 brown 

No. Canopy Average 
area m2 canopy 

area m2 

2. Erythrophleum chlorostachys 
842 

98 
369.46 
153.71 
94.32 
12.48 

115.01 

0.44 
1.57 
0.52 
0.46 
5.75 
6.55 
0.69 
1.83 

3. Young Eucalyptus _ ~op. 

4. Terminalia pterocarya 
5. Eucalyptus tetrodonta 
6. Eucalyptus bleeseri 
7. Grevillea decurrens 
8. Calytrix achaeta 
9. Eucalyptus miniata 

10. Buchanania obovata 
11. Terminalia spp. 
12. Grevillea pyramidalis 
13. Melaleuca S P.R-
14. Acacia dimid1ata 
15. Grewia breviflora 
16. Ludwigia octovalis 

Summary of area of 2 880 m2 

a. Green canopy cover 
b. Dead/dormant wood 
c. Live herbaceous cover 
d. Dead herbaceous cover 
e. Bare soil 
f. Litter 

181 
27 
20 
56 
32 
11 

7 
1 
3 

12 
11 

7 
2 

15 

Total area 
in m2 
1256.83 

72.00 
405.93 
252.12 
391.31 
501.81 

366.81 
22.01 
20.08 
85.65 
0.20 
4.38 
5.18 
3.08 
2.45 
0.40 
7.13 

12.24 
0.00 
1.46 
0.43 
0.28 
0.35 
0.20 
0.48 

Percent area 

43.64 
2.50 

14.06 
8.75 

13.58 
17.42 
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so 

0.70 
2.76 
0.58 
0.29 
2.75 
6.75 
1.21 
1.81 
5.33 
0.00 
0.95 
0.46 
0.58 
0.58 
0.00 
0.29 



Field Work Summary Sheet 

Location code: 
Ecoregion: 
Soil condition: 
a. Micro-mesoform: 
b. Texture: 
Munsel l s oil colour: 

Plant name 

1. Ficus spp. 
2. Acacia platycarpa 
3. Eucalyptus tectifica 
4. Croton arnhemicus 
5. Ampelocissus acetosa 
6. Terminalia grandiflora 
7. Young Eucalyptus s pR-
8. Termi nalia pterocarya 
9. Eucalyptus tetrodonta 

KRll 
sand+ironstone gravel plains 

sheetwash erosion 
sand, gravel, 
gravel 2 .5YR 4/4 redd ish brown 
sand SYR 5/8 yellowish red 
sand 2.5YR 4/4 red 

No. Canopy 
area m2 

19 .74 
6.11 

189.65 
32.72 
18.59 

1.58 
14.97 
83.94 
79.15 

Average 
canopy 
area m2 

10. Erythrophleum chlorostachys 

4 
5 

23 
11 
20 
11 
47 
27 
12 
40 
25 
24 
15 

219.11 
26.58 
10.89 

145.11 
43.33 
6.99 
3.55 

4.94 
1.22 
7.83 
2.97 
0.93 
0 . 14 
0.32 
3.11 
6.60 
5.48 
1.06 
0.45 
9.67 

11. Grewia retusifolia 
12. Grewia brevifol ia 
13 . Eucalyptus latifolia 
14. Eucalyptus grandifolia 
15. Terminalia $P~-
16. Lysiphyllum cunninghamii 

Summary of area of 2 880 m2 

a . Green canopy cover 
b . Dead/dormant wood 
c. Live herbaceous cover 
d. Dead herbaceous cover 
e. Bare soil 
f. Litter 

3 
1 
4 

Total area 
in m2 
902.01 

91. 59 
213.43 

1174.26 
312 . 34 
186.37 

14.44 
0.00 
0.89 

Percent area 

31.32 
3.18 
7.41 

40.77 
10.84 
6.47 
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so 

2.76 
2.04 
5.46 
3.00 
1.18 
0.07 
0.30 
3.09 
4.61 
6.30 
3.22 
1.68 
6.76 
2.16 
0.00 
0.56 



Field Work Summary Sheet 

Location code: 
Ecoregion: 
Soil condition: 
a . Micro-mesoform: 
b. Texture: 

KR12 
sand plains 

sheetwash erosion 
sand, minor gravel 

3!8 

Mu nsell soil colour : sand+gravel 5YR 5/6 yellowish red 
sand 5YR 5/3 reddis h brown 

Plant name No. Canopy Average so 
area m2 canop y 

area m2 

1. Croton arnhemicus 8 31.30 3.91 5.57 
2 . Erythrophleum chlorostachys 49 206.20 4 .21 4 .80 
3. Planc hon ia careya 17 46.26 2.72 3.23 
4. You ng Eucalyptus . spp. 26 4.68 0.18 0.05 
5. Eucalyptus foelscheana 31 405 .74 13.09 7 . 79 
6. Dolichandrone filifo rmis 15 4.05 0 . 27 0.21 
7. Ampelociccus acetosa 12 8.27 0 . 69 0.71 
8. Terminalia pterocarya 2 0.40 0.20 0.00 
9. Acacia pachyphloia 25 34 . 35 1.37 2.47 

10. Eucalyptus confertiflo r a 7 123.16 17.59 13 . 72 
11. Acacia platycarpa 39 5.78 0.15 0.16 
12. Buchanania obovata 4 23 . 79 5 . 95 3.08 
13 . Grevillea sop. 28 35.46 1.27 1. 52 
14 . Cochlos permum fraseri 1 0.07 0 . 00 0 .00 

Summary of area of 2 880 m2 
Total area Percen t area 
i n m2 

a. Green canopy cover 939.51 32.27 
b . Dead/dormant wood 40.63 1.41 
c. Live herbaceous cover 574.59 19.95 
d. Dead herbaceous cover 5 43. 44 18.87 
e. Bare soil 460 . 01 15.97 
f . Litter 331. 82 11.52 



Field Work Summary Sheet 

Location code: 
Ecoregion : 
Soil condition : 
a. Micro-mesoform: 
b . Texture: 

KR13 
sand plains 

sheetwash erosion 
sand, minor gravel 

Munsell soil colour: sand 5YR 5/8 yellowish red 
sand 5YR 5/3 reddish brown 
g r avel 2.5YR 4/4 reddi s h brown 

Plant name No. Canopy Average 
area m2 canopy 

area m2 

1. Terminalia pterocarya 110 28.89 0.26 
2. You ng Eucalyptus spp. 15 17.54 1.17 
3 . Ampe l ocissus acetosa 144 39.07 0.27 
4. Planchonia careya 3 1. 78 0.59 
5 . Eucalyptus s etosa 16 101. 4 2 6.34 
6. Eryth r oph leum chlorostachys 127 420. 10 3 . 31 
7. Croton arnhemi c u s 3 6.01 2 . 20 
8 . Eucalyptu s tetrodonta 37 220.74 5.97 
9. Acacia spp . 1 0.20 0.00 

10. Eucalyptus foelscheana 20 139.27 6.96 
11. Grewia retusifolia 19 3 . 80 0.20 
12. Grewia brevifolia 5 2.64 0.53 

Summary of a rea of 2 880 m2 
Total area Percent area 
in m2 

a. Green canopy cover 992.17 3 4 .45 
b. Dead/dorman t wood 96.52 3.35 
c. Live herbaceous cover 557.60 19.36 
d. Dead herbaceous cover 592.44 20.57 
e . Bare soil 320.40 11.12 
f . Litter 320.87 11. 14 
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so 

0.54 
1.34 
0.26 
0.28 
4.04 
3.81 
1. 43 
4 . 58 
0.00 
6.78 
0.00 
0.32 



Field Work Summary Sheet 

Location code: 
Ecoregion: 
Soil condition: 
a. Micro- mesoform: 
b. Texture: 
Munsell soil colour: 

Plant name 

1. Terminalia sop. 
2. Acacia platycarpa 
3. Young Eucalyptus spp. 
4. Grewia retusifolia 
5. Ampelocissus acetosa 
6. Eucalyptus setosa 

KR14 
sandplains 

surface incrustations 
sand, minor silt 
sand 7.5YR 6/6 yellowish red 
sand SYR 4/1 dark red 
sand 2.5YR 4/4 reddish brown 

No. Canopy 
area m2 

Average 
canopy 
area m2 

7. Erythrophleum c hlorostachys 

6 
25 
70 

2 
18 
25 

7 

62.93 
3.64 

17.15 
1.32 

21.27 
154.66 
14.89 
34.86 

10.49 
0.15 
0.24 
0.66 
1.18 
6.19 
2.13 
3.87 
3 .39 
1.16 
0.00 
0.00 
0.20 
0.00 
0.00 
0.00 
0.00 

8. Terminal ia grandiflora 
9. Eucalyptus tetrodonta 

10. Melaleuca soo. 
11. Terminalia pterocarya 
12. Cochlospermum fraseri 
13. Grewia retusifolia 
14. Buchanania obovata 
15. Croton arnhemicus 
16. Petalostigma pubescens 
17. Gyrocarpus americanus 

Summary of area of 2 880 m2 

a. Green canopy cover 
b. Dead/dormant wood 
c. Live herbaceous cover 
d. Dead herbaceous cover 
e . Bare soil 
f . Litter 

9 
38 

2 
1 
1 

52 
1 
1 
1 
1 

Total area 
in m2 
570.80 
155.93 
410.41 
599.62 
917.00 
326.15 

128.96 
2.32 
3.77 
0.20 

10.40 
0.20 
0.20 
5.31 
8.72 

Percent area 

16.35 
5.38 

14.25 
20.82 
31 . 84 
11.33 
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so 

9.92 
0.15 
0. 17 
0.13 
0.97 
5.09 
2.38 
5.07 
3.43 
0 . 96 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 



321 

Field Work Summary Shee t 

Location code: KR15 
Ecoregion: 
Soil condition: 

sand plains 

a. Micro-mesoform: surface incrustations 
b. Texture: 
Munsell soil colour: 

sand, minor silt+oxidised sandstone 
sand 2.5YR 3/4 dark reddish brown 
silt 2.5YR 3/4 dark reddish brown 
oxidised sandstone 2 . 5YR 5/6 red 
sand 2.5YR 6/6 light red 

Plant name No. Canopy Average so 
area m2 canopy 

area m2 

1. Eucalyptus foelscheana 26 200 . 86 7 . 73 6 . 98 
2 . Ampelocissus acetosa 25 14 . 18 0.57 0.30 
3 . Young Eucalyptus spp . 36 8.13 0.23 0.21 
4 . Grewia retusifolia 95 25.53 0.25 0.18 
5. Erythrophleum chlorostachys 92 309.01 3.36 3.85 
6. Eucalyptus tetrodonta 11 84.84 7 . 71 7.78 
7. Cochlospermum fraseri 6 19.74 3.29 2 . 92 
8. Lysiphyllum cunninghamii 9 20.75 2.31 3 . 11 
9. Owenia vernicosa 3 17.70 5.90 7.65 

10. Bridelia tomentosa 7 1.40 0 . 20 0.00 
11. Terminalia grandiflora 9 52.99 5.90 6.11 
12. Eucalyptus porrecta 4 36.28 9.07 3.40 
13 . Termina l ia pterocarya 2 3.83 1.92 1.86 
14. Planchonia careya 2 8.78 4.39 1.50 

- 15. Buchanania obovata 2 7.46 3.73 0.04 
16. Acacia platycarpa 4 17.11 4 . 28 7.18 

Summary of area of 2 880 m2 
Total area Percent area 
in m2 

a . Green canopy cover 826.59 28.69 
b. Dead/dormant wood 74 . 54 2.59 
c. Live herbaceous cover 306 . 44 10 . 64 
d. Dead herbaceous cover 712.71 24.75 
e. Bare soi l 666 . 32 23 . 13 
f. Litter 293.40 10 . 19 



Field Work Summary Sheet 

Location code: 
Ecoregion: 
Soil condition: 
a. Micro-mesoform : 

b. Texture: 
Mu nsell soil colour: 

KR16 
rock outcrops 

limestone pavement, 
surface incrustations 
sand, silt, limestone pavement 
sand 2.5YR 4/4 brown 

322 

limestone pavement 2.5YR 6/2 ligh t 
grayish brown 
silt 5YR 2.5/1 black 

Plant name No. Canopy Average so 
area m2 canopy 

area m2 

1. Erythrophle um chlorostachys 4 2 109.95 2 . 62 4.54 
2 . Young Eucalyptus spp_. 23 7.93 0.34 0.57 
3. Ampelocissus acetosa 14 3.40 0.24 0.29 
4 . Eucalyptus latifolia 5 39.09 7.82 5.98 
5. Eucalyptus tectifica 11 98.51 8.96 5.94 
6. Cochlospermum fraseri 1 0.20 0.00 0.00 
7 . Terminalia pterocarya 6 7.95 1.33 1. 8 1 
8 . Acacia pachyphloia 10 15 . 74 1 .57 0 . 39 
9. Croton arnhemicus 45 93.03 2.00 4 .01 

10. Eucalyptus patellaris 31 405.33 13.08 8.86 

Summary o f area o f 2 880 m2 
Total area Percent .area 
in m2 

a. Green canopy cover 781.13 27.12 
b . Dead/dormant wood 32.58 1.13 
c. Live herbaceous cover 307.58 10 . 67 
d . Dead herbaceous cover 1256.80 43 .64 
e . Bare soil 332.38 11.54 
f. Litter 169.53 5 .89 



Field Work Summary Sheet 

Location code: 
Ecoregion: 
Soil condition: 
a. Micro- mesoform: 
b. Texture: 

Plant name 

1. Euca lyptus oruinosa 
2. Hibiscus s pp_. 
3 . Eucalyptus tectifica 
4. Eucalyptus tetrodonta 

KR17 
lateritic gravel plains 
gully erosion 
sand, silt, lateritic gravel 
gravel 5YR 5/4 reddish brown 
sand 7.5YR 5/4 brown 
silt 7.5YR 6/6 reddi s h yellow 

323 

sand 10YR 6/4 light yellowish 
brown 
silt 2.5Y 6/2 light brownish gray 

No. Canopy 
area m2 

Average 
canopy 
area m2 

so 

5. Erythrophleum c hlorostachys 

8 
3 

18 
1 

41 
3 

73.67 
1.19 

160.04 
3.77 

79.01 
8.18 

9.21 
0.40 
8.89 
0.00 
1.93 
2.73 
1. 76 
0.14 
0.00 
0.00 
0.15 
0.00 
0.00 

5.07 
0.28 
4.28 
0.00 
3.15 
2.14 
2.65 
0.08 
0.00 
0.00 
0.17 
0.00 
0.00 

6. Acacia dimidiata 
7. Terminalia ~pp. 
8. Croton arnhemicus 
9. Grewia retusifolia 

10. Eucalyptus setosa 
11. Carissa s pp. 
12. Young Eucalyptus spp. 
13. Vitex glabrata 

Summary of area of 2 880 m2 

a. Green canopy cover 
b. Dead/dormant wood 
c. Live herbaceous cover 
d. Dead herbaceous cover 
e. Bare s oil 
f. Litter 

131 
3 
1 
1 

33 
1 
1 

Total area 
in m2 
577.82 

53.22 
223.93 
762.48 

1102.32 
160 .23 

230.61 
0.43 
1. 77 
5.31 
4.92 
0.20 
8.72 

Percent area 

20.06 
1 . 85 
7.77 

26.48 
38.27 
5.76 



Field Work Summary Sheet 

Location code: 
Ecoregion: 
Soil condition: 
a. Micro-mesoform: 

b. Texture: 
Munsell soil colour: 

Plant name 

1. Eucalyptus latifolia 
2 . Acacia oncinocarpa 
3 . Eucalyptus tetrodonta 
4. Eucalyptus miniata 
5. Young Eucalyptus so~- -
6. Planchonia careya 
7. Acacia dimidiata 
8. Petalostigma sp~. 
9. Bossiaea bossiaeoides 

10. Terminalia spp. 
11. Croton arnhemicus 
12. Callitris intratropica 
13. Carissa spp . 
14. Owenia vernicosa 

KR18 
sand plains +minor rock outcrops 

weathered sandstone, 
sheetwash erosion 
sand, minor sandstone+gravel 
sand 7.5YR 8/4 pink 
silt 7.5YR 6/0 gray 
sand 2.5YR 5/6 red 

No. 

23 
177 

22 
19 

103 
13 

6 
185 

18 
4 

11 
2 
1 
3 

Canopy 
area m2 

252.41 
80.57 

249. 18 
182.23 
55.52 
8.05 

13.18 
79.98 
16.06 
13.08 
10.10 
30.16 

0.20 
12.72 

Average 
canopy 
area m2 

10.97 
0.46 

11.33 
9.59 
0.54 
0.62 
2. 20 
0.43 
0.89 
3.27 
0 . 92 

15.08 
0.00 
4.24 

Summary of area of 2 880 m2 ~ 

a. Green canopy cover 
b. Dead/dormant wood 
c. Live herbaceous cover 
d. Dead herbaceous cover 
e . Bare soil 
f. Litter 

Total area 
in m2 
1003 .44 

55.78 
294.96 
477.38 
620.12 
428.32 

Percent area 

34.84 
1.94 

10.24 
16.58 
21.53 
14.87 
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so 

6.96 
1.44 
6.99 
5.93 
0.32 
0.69 
0.97 
1.10 
1.23 
2.49 
1.02 
0.00 
0.00 
5.83 



Field Work Summary Sheet 

Location code: 
Ecoregion: 
Soil condition : 
a. Micro-mesoform: 
b. Texture: 

KR19 
river terrace 

s heetwash erosion 
sand 

Munsell soil colour: sand 5YR 4/4 reddish brown 
sand 2.5YR 6/6 light red 

Plant name No. Canopy Average 
area m2 canopy 

area m2 

1. Eucalvotus tectifica 30 2 4.84 8 ·.13 
2. Gre wia brevifolia 255 57.93 0.23 
3. Terminal ia grandiflora 4 5 66.89 1.49 
4. Eucalyptus foelscheana 11 90.60 8.24 
5. Lysiphyllum cunninghamii 79 54.92 0.70 
6. Young Eucalyptus s~o . 154 37.25 0 . 24 
7. Petalostigma pubescens 42 62. 36 1.48 
8. Grewia retusifolia 102 16.59 0.16 
9 . Gyrocarpus americanus 6 61 .85 10 .31 

10. Bridelia tomentosa 21 14.07 0.67 
11 . Erythrophleum chlorostachys 14 10 .82 0.77 
12. Acacia bidwillii 3 1.06 0.35 
13. Ficus s po. 1 0.94 0.00 
14 Acacia holosericea 1 0.79 0 .00 
16. Ampelocissu s acetosa 9 1.60 0.18 
17. Owenia vernicosa 2 5 .51 2.76 

Summary of area of 2 880 m2 
Total area Percent area 
in m2 

a. Green canopy cover 727.12 25.27 
b. Dead/dorma nt wood 64.03 2.20 
c . Live herbaceous cover 146.81 5.09 
d. Dead herbaceous cover 1180.16 40.98 
e . Bare soil 455.98 15.83 
f. Litter 305.90 2.20 
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so 

4.47 
0.19 
3.07 
7.31 
0.83 
0.19 
2.33 
0. 16 
8.02 
0.39 
2.14 
0.31 
0.00 
0.00 
0.04 
2.56 



Field Work Summary Sheet 

Location code: 
Ecoregion: 
Soil condition: 
a. Micro- mesoform: 
b. Texture: 
Munsel l soil colour: 

Plant name 

1. Eucalyptus tectifica 
2. Lysiphyllum cunninghamii 
3 . Young Eucalyptus sop .. 
4 . Carissa spp. 
5. Grewia retusifolia 
6. Acacia holosericea 
7 . Planchonia careya 
8 . Acacia bidwillii 
9. Grevil lea soo. 

10. Grewia brevifolia 
11. Eucalyptus papuana 
12. Lophostemon spp. 

Summary of area of 2 880 m2 

a. Green canopy cover 
b. Dead/dormant wood 
c. Live herbaceous cover 
d. Dead herbaceous cover 
e. Ba r e soil 
f- Litter 

KR20 
river terrace 

gully erosion 
sand, silt, gravelly hillsides 
silt 5YR 5/6 yellowish red 
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sandy silt 5YR 6/6 reddish yellow 
gravel 7.5YR 4/4 brown 
oxidised gravel 2.5YR 4/2 weak red 

Total 
in m2 

No. 

123 
13 
70 
14 

116 
17 

9 
12 
10 

103 
3 

.32 

area 

1092.59 
92.44 

268.06 
458. 25 
716 . 05 
252 . 71 

Canopy 
area m2 

717.13 
35.86 
37.76 
18.38 
45.69 
25 . 70 
18.60 

3 . 68 
14.55 
20 . 64 
56 . 99 
97 . 33 

Average 
canopy 
area m2 

5.83 
2.76 
0.54 
1.31 
0.39 
1 .51 
2.07 
0.31 
1.46 
0.20 
1.90 
3.04 

Percent area 

37.93 
3.21 
9.30 

15.91 
24.86 
8.77 

so 

5.84 
2.48 
0.74 
1. 37 
0 . 53 
1. 74 
3.49 
0.55 
2.64 
0.29 
6.05 
3.26 



Field Work Summary Sheet 

Location code: 
Ecoregion: 
Soil condition : 
a. Micro- mesoform: 
b. Texture: 
Munsell soil colour: 

Plant name 

1. Cassia helmsii 
2. Eucal~Qtus terminal is 
3. EremoQhila latrobei 
4. Croton spp. 
5. Acacia l~siQhloia 
6. Acacia coriacea 
7. Sclerolaena spo. 
8. Acaci a ancistrocarQa 
9. Ventilago viminalis 

10. Atala~a hemiglauca 
11. Carissa lanceolata 
12 . Santalum lanceolatum 
13 . Cassia oligoQhYlla 

. summary of area of 2 880 m2 

a. Green canopy cover 
b. Dead/dormant wood 
c. Live herbaceous cover 
d. Dead herbaceous cover 
e. Bare soil 
f. Litter 

BH1 
sand plains 

surface incrustations 
sand, minor silt 
sand 2.SYR 5/6 red 
silt 2.5YR 4/6 red 

No . Canopy Average SO 
area m2 canopy 

area m2 

122 49.62 0.41 0.44 
5 17.23 3.45 2.74 

24 11.74 0.49 0.55 
48 54.14 1.13 0.84 
41 84.53 2.06 2.31 
28 36 . 41 1.30 2.25 
54 5.31 0.10 0 .1 1 
10 49.24 4 .92 3. 12 
28 44.32 1.58 1.85 
97 66.91 0.69 0.70 
18 12.59 0.70 0.58 

2 1.58 0.79 0.00 
6 1.66 0.28 0.23 

Total area Percent area 
in m2 
435.28 15.11 
140.11 4 . 86 
290.38 10 . 08 
119.84 4.16 

1735.38 60.25 
159.02 5.68 
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Field Work Summary Sheet 

Location code: 
Ecoregion: 
Soil condition : 
a. Micro-mesoform : 

b. Texture: 
Munsell soil colour: 

Plant name 

1. Croton s pp. 
2. Eucalyptus terminalis 
3. Acac ia coriacea 
4. Acacia a ncistroca rpa 
5. Cassia helmsii 
6. Acacia lys iphloia 
7. Eremophila latrobei 
8. Carissa lanceolata 
9. Santa l um lanceolatum 

10. Sclerolaena s pp. 
11. Eucalyptus papuana 
12. Atalaya hemiglauca 
13. Cappari s umbonata 
14. Canthium s pp. 

Summary of area of 2 880 m2 

a. Green canopy cover 
b. Dead/dormant wood 
c. Live herbaceous cover 
d. Dead herbaceous cover 
e. Bare soil 
f. Litter 

BH2 
sand plains 

sheetwash erosion 
and deposition 
sand, minor silt 
sand 5YR 5/6 yellowish r ed 
sand 5YR 6/8 reddi s h yellow 
silt 5YR 4/6 yellowish red 

No. Canopy Avera ge 
area m2 canopy 

a rea m2 

43 
8 

64 
42 

9 
92 
10 
31 

8 
4 
8 
4 
1 
1 

160.90 
40.07 

177 .9 
92.53 
11.28 

614.93 
10.49 
73.61 
7.98 
0.54 

63.20 
13.10 
2.80 
2.80 

3.74 
5.01 
2.78 
2.20 
1. 25 
6.68 
1.05 
2.37 
1.00 
0.14 
0.79 
3 .28 
0.00 
0.00 

SD 

2.00 
4 .82 
3.37 
3.34 
0.83 
4. 0 4 
0 . 87 
2.61 
1.07 
0.06 
0.00 
3.25 
0.00 
0.00 

Total area 
in m2 
1279.22 

Percent area 

63.97 
169. 68 
28.81 

1211.80 
190.49 

44 .41 
2. 2 4 
5.89 
1 .00 

4 2 .07 
6 . 61 
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Field Work Summary Sheet 

Locat ion code: 
Ecoreg ion: 
Soi l condition : 
a. Micro-mesofo r m: 

b . Texture: 
Munsel l soil colour: 

Plant name 

1. Eremophil a latrobei 
2 . Cassia helmsii 
3 . Acacia lysiphloia 
4. Croto n ?P~-
5 . Carissa lanceolata 
6. Eucalyptus terminalis 
7. Sclerolae na sop . 
8. Cassia oligophylla 
9 . Acacia coriacea 

10 . Acacia ancistrocarpa 
11 . Eucalyptus brevifolia 
12. Ventilago viminalis 
13 . Canthium spo. 
14. Eremophila longifolia 
15. Atalaya hemigl a uca 

Summary of a rea of 2 880 m2 

a. Green canopy cover 
b. Dead/dormant wood 
c . Live herbaceou s cover 
d . Dead herbaceous cover 
e . Bare soil 
f. Litter 

BH3 
sand plains 

surface pitting, mi nor 
surface incrustations 
sand , mi nor calcrete 
sand SYR 5/6 yellowi s h red 
sand SYR 6/B reddi s h yellow 
calcrete SYR 7/2 pinki s h gray 

"' No. Canopy Average SO 
area m2 canopy 

25 13.15 
75 19.61 
57 176 . 18 
14 28.14 

5 8 . 86 
11 66.43 
83 4 . 62 

6 3.82 
36 90 . 77 
42 171.48 

7 40.63 
25 96.69 

6 5.13 
23 13 . 84 
33 30.33 

Total area 
in m2 
769 .68 
109 .80 
214.05 

26. 01 
1616 . 43 
144. 04 

area m2 

0.53 
0.26 
3.09 
2.01 
1. 77 
6.04 
0. 06 
0.64 
2 . 52 
4 . 08 
5 . 80 
3.87 
0.86 
0 . 60 
0.92 

0 . 63 
0.63 
2.86 
2. 15 
1.24 
5 . 99 
0 . 04 
0.58 
2.86 
3.25 
5.79 
2 . 72 
0.46 
0.74 
0.62 

Percent a rea 

26.73 
3.80 
7.43 
0.90 

56.12 
5. 14 
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Field Work Summary Sheet 

Location code : 
Ecoregion: 
Soil conditi o n: 
a. Micro-mesoform : 
b. Textu re: 
Munsel l soil colou r: 

Plant na me 

1. Acacia ancistrocarpa 
2. Cassia helms ii 
3. Cassia oligophylla 
4. Acacia l ysiphloia 
5. Canthi u m spp. 
6. Atalaya hemiglauca 
7. Ventilago viminal i s 
8. Eremophila l atrobei 
9. Capparis umbonata 

10. Eucalyptus terminalis 
11 . Acacia coriacea 
12 . Cr oton s pp_ 
13 . Carissa lanceolata 
14. Santalum lanceolatum 

Summary of area of 2 880 m2 

a. Green canopy cove r 
b. Dead/dormant wood 
c. Live herbaceous cover 
d. Dead herbaceou s cove r 
e. Bare soil 
f. Li tter 

BH4 
sandplains 

cattle trampling 
sand , mi nor calcrete 
sand 2 .5YR 4/6 red 

No. Canopy Average SO 
area m2 canopy 

11 
29 
13 

118 
60 
61 
43 
2 1 

5 
11 
10 

3 
17 
12 

41 .6 1 
12.89 
2.59 

238.93 
36.63 
77.85 

151.62 
7 .55 
3.39 

87.73 
10.74 

4 .33 
4 2.60 
5.35 

Total area 
in m2 
723.81 

35.24 
86.95 
25 . 45 

1896. 14 
112.34 

area m2 

3.78 
0. 44 
0.20 
2.02 
0.61 
1. 28 
3 . 53 
0.36 
0.68 
7.98 
1.07 
1.44 
2.51 
0 . 45 

2.62 
0 . 60 
0 - 18 
2. 10 
0.66 
1. 33 
2.57 
0.31 
0.22 
4.72 
0.89 
0.46 
3 .88 
0.29 

Pe r cent a rea 

25.13 
1.22 
3 . 01 
0 . 91 

65.83 
3.90 
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Field Work Summary Sheet 

Loca t ion code: 
Ecoregion: 
Soil cond ition: 
a. Micro-mesoform: 
b. Texture: 
Munsell s oil colour: 

Plant name 

1. Acacia lysiphloia 
2. Eremophila latrobei 
3. Acacia coriacea 
4 . Eucalyptus terminalis 
5. Croton spp. 
6. Acacia ancistrocarpa 
7. Carissa lanceolata 
8. Cassia helmsii 
9. Ventilago viminalis 

10. Santalum lanceolatum 
11. Atalaya hemiglauca 
12. Acacia s tipuligera 
13. Capparis umbonata 

Summary of area of 2 880 m2 

a. Green canopy cove r 
b. Daad/dormant wood 
c. Live herbac eous cover 
d. Dead herbaceous cover 
e. Bare soil 
f. Litte r 

BH5 
sandplains 

s urface incrustations 
sand, calcrete , sil t 
sand 2.5YR 5/8 red 
ca l cre t e 5YR 7/2 pinkish gray 
silt incrustations 
2.5YR 4/6 red 

No. 

35 
156 

21 
10 

4 
5 

13 
40 
48 
16 
38 
17 

1 

Total 
in m2 

Canopy 
area 

97.89 
49. 69 
29.06 
29.84 
12.20 
13.44 
16.92 
13.24 

131 . 06 
9 . 75 

24. 00 
64 . 82 

2 . 80 

area 

494.71 
108.39 
198.09 

81.97 
1798.75 

198.09 

Average 
area 
2 . 80 
0.32 
1.38 
2.98 
3.05 
2.69 
1.30 
0.33 
2.73 
0.61 
0 . 63 
3.81 
0.00 

Percent 

17.18 
3 . 76 
6.80 
2.85 

62.46 
6.80 

so 

2.68 
0.28 
0.81 
2.51 
2.26 
1.32 
0.80 
0.39 
3.33 
0.52 
0.59 
4.47 
0.00 

area 
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Field Work Summary Sheet 

Location code: 
Ecoregion: 
Soil cond ition: 
a. Micro-mesoform : 
b. Texture: 
Munsell soil colour : 

Plant name 

1. Eucal~Qtus terminal is 
2. Acacia l~siQhloia 
3. Acac ia stiQulige ra 
4. Canthium s pp. 
5. EremoQhila latrobei 
6. Croton S pQ. 

7. Acacia ancistrocarQa 
8. Carissa lanceolata 
9. CaQQaris umbonata 

10. Cass ia helmsi i 
11. Ventilago viminalis 

Summary of area of 2 880 

a. Green canopy cover 
b. Dead/dormant wood 
c. Live herbaceous cover 
d . Dead herbaceous cover 
e. Bare soi l 
f. Litter 

m2 

BH6 
sand plains 

minor surface incrustations 
sand 
sand 2.5YR 5/6 red 

No. 

25 
12 
32 

1 
16 
25 
17 
66 

1 
4 

37 

Canopy 
area m2 

168.98 
72 . 50 
84.28 

0.79 
1. 79 

53.13 
51.88 
11.42 
0.79 
4 . 58 

89.33 

Total area 
in m2 
539.47 
149.49 
368.09 

94.22 
1268.62 

460.12 

Average 
canopy 
area m2 

6.76 
6.04 
2 .63 
0 . 00 
0.30 
2.13 
3.05 
1.90 
0 . 00 
1.15 
2.41 

Percent 

18.73 
5.09 

12.78 
3.30 

44.04 
15.98 

SD 

3.13 
6.66 
2.10 
0.00 
0.22 
1.14 
4. 12 
1.69 
0.00 
0.99 
1.81 

area 
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Field Work Summary Sheet 

Location code : 
Ecoregion: 
Soil condi tion: 
a. Micro-mesoform: 
b. Texture: 
Munsell soil colour: 

Plant name 

1. Ventilago viminalis 
2. Eucalyptus terminalis 
3. Acacia stipuligera 
4. Acacia ancistrocarpa 
5 . Croton spp. 
6. Eremoph11a latrobei 
7. Keraudrenia integrifolia 
8 . Acacia coriacea 
9 . Eucalyptus pruinosa 

10. Cassia helmsii 
11. Canthium spp. 
12. Carissa lanceolata 
13. Eucalyptus pachyphylla 

Summary of area of 2 880 m2 

a. Green canopy cover 
b. Dead/dormant wood 
c. Live herbaceous cover 
d. Dead he rbaceous cover 
e. Bare soil 
f. Litter 

BH7 
sandplai ns 

minor surface incrustations 
sand 
sand 2.5YR 5/6 red 

No . Canopy Average 
area m2 canopy 

area m2 

49 191.17 
5 41.13 

11 35.35 
24 124.93 
51 78.49 
14 8.77 

3 2.37 
19 65 . 05 

9 45.25 
3 1. 78 
3 6.63 
3 6.39 
5 25 . 44 

3.90 
8.23 
3.21 
5.21 
1. 54 
0.63 
0.79 
3.42 
5.03 
0.59 
2.13 
2.13 
5.09 

so 

2.33 
2.55 
3.47 
4.97 
1. 52 
0 . 82 
0.00 
2.24 
2.88 
0.28 
0.95 
0.95 
2.52 

Total area 
in m2 
632.61 

63.60 
419.28 
43.68 

1635 .67 
85.17 

Percent area 

21.97 
2.20 

14.55 
1.52 

56.79 
2.96 
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Field Work Summary Sheet 

Location code: 
Ecoregion: 
Soil condition : 
a. Micro- mesoform: 
b . Texture: 
Munsell s oil colour: 

Plant name 

1. Eucalyptus pachyphylla 
2. Eremoohila latrobei 
3 . Canthium s oP . 
4. Croton s pp. 
5. Acacia coriacea 
6 . Ventilago viminalis 
7. Eucalyptus terminali s 
8. Acacia stipuligera 
9. Carissa lanceolata 

10. Acacia anci s trocarpa 
11. Petalostigma SPP.-
12. Acacia lysiph l oia 

Summary of area of 2 880 m2 

a . Green canopy cover 
b. Dead/dormant wood 
c. Live herbaceous cover 
d. Dead herbaceous cover 
e. Bare soil 
f. Litter 

BH8 
sandplain 

minor surfac e incrustations 
sand 
sand 2.5YR 5/6 red 

No. Canopy Average 
area m2 canopy 

area m2 

12 111.00 
63 66.33 

9 21.89 
so 113.96 

1 1.77 
12 57 . 13 

6 48.97 
34 227.20 
16 37.71 

9 44 . 94 
11 63.68 

1 5.31 

9.25 
1.05 
2 . 43 
2.28 
0.00 
4. 76 
8.16 
6.68 
2.36 
4.99 
5.79 
0.00 

SD 

3.06 
1.46 
1. 76 
2 . 32 
0 . 00 
2.58 
4.77 
3. 28 
2.16 
2.97 
3.96 
0.00 

Total area 
in m2 
805.20 
232.07 
361. 17 

Percent area 

23.96 
1299.12 

158 . 47 

27.96 
8.05 

12 .54 
0.83 

45. 10 
5.50 
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Field Work Summary Sheet 

Location code: 
Ecoregion: 
Soil condition: 
a. Micro-mesoform: 
b. Texture: 
Munsel l soil colour: 

Plant name 

1. Acacia stipuligera 
2. Croton spp. 
3. Acacia ancistrocarpa 
4. Ventilago viminalis 
5. Eucalyptus terminalis 
6. Eremophila latrobei 
7. Carissa lanceolata 
8. Eucalyptus pachyphylla 
9. Capparis umbonata 

10. Calytrix longiflora 
11. Petalostylis cassiodes 
12. Keraudrenia integrifolia 
13. Canthium S.PP.-

Summary of area of 2 880 m2 

a. Green canopy cover 
b. Dead/dormant wood 
c. Live herbaceous cover 
d. Dead herbaceous cover 
e. Ba re soil 
f . Litter 

BH9 
sandplains 

minor surface incrustations 
sand 
sand 2.5YR 5/6 red 

No. Canopy Average 
area m2 c anopy 

area m2 

44 
161 

2 
24 
36 

4 
10 
10 

4 
8 

87 
3 
1 

39.70 
155.40 

1. 73 
70 .54 

162.66 
0.41 

32.26 
56.51 
0.41 
5.41 

52.26 
0.60 
0.79 

Total area 
in m2 
578.67 
83.72 

554.40 
4.44 

1587.82 
70.96 

0.90 
0.97 
0.87 
2.94 
4.52 
0.10 
3.23 
5.65 
0.10 
0.68 
0.60 
0.20 
0.79 

Percent 

20.09 . 
2.90 

19.25 
0.15 

55.13 
2.46 

SD 

0.98 
1.28 
0.07 
1. 57 
2.10 
0.06 
2.50 
3.26 
0.06 
0.51 
0.71 
0.00 
0 .00 

area 
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Field Work Summary Sheet 

Location code: 
Ecoregion: 
Soil condition: 
a . Micro- mesoform: 
b. Texture: 
Munsell soil colour : 

Plant name 

1. Carissa lanceolata 
2. Eucalyptus pruinosa 
3. Ventilago viminalis 
4. Atalaya hemiglauca 
5. Cassia o ligophylla 
6. Eremophila latrobei 
7. Acacia ancistrocarpa 
8. Cassia helms ii 
9. Canthium 5pp . 

10. Sclerolaena SP~-
11. Acacia lysiphloia 
12. Eucalyptus terminalis 
13. Capparis umbonata 

Summary of area of 2 880 m2 

a. Green canopy cover 
b. Dead/dormant wood 
c. Live herbaceous cover 
d. Dead herbaceous cover 
e. Bare soil 
f. Litter 

BH10 
sandplain 

cattle trampling 
sand, calcrete 
sand 5YR 5/6 yellowish red 
calcrete 5YR 7/3 pink 

No. Canopy Average 
area m2 canopy 

area m2 

36 
37 
36 

188 
1 

66 
29 
34 

2 
7 

21 
4 
3 

98.73 
128. 15 
136.89 
123.08 

0.20 
37.21 
99.49 

6 . 34 
0.40 
0.45 

36 . 81 
18.73 

3 .79 

2.74 
3.46 
3.80 
0.65 
0.20 
0.56 
3.43 
0.19 
0 . 20 
0.06 
1. 75 
4.68 
1.26 

SD 

2.79 
3.69 
3.80 
0.85 
0.00 
0.72 
3.84 
0.23 
0.00 
0.01 
2.06 
1.09 
1.11 

Total area 
in m2 
690.27 
230.83 
90.10 

Percent area 

33.30 
1743.44 

92.07 

23.97 
8.01 
3.12 
1.16 

60.53 
3.20 
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Field Work Summary Sheet 

Location code: 
Ecoregion : 
Soil condi tion: 
a. Micro-mesoform: 
b. Texture: 
Munsell soil colour: 

Plant name 

1. Carissa lanceolata 
2. Cassia helmsii 
3. Capparis umbonata 
4. Acacia ancistrocarpa 
5. Eremophila latrobei 
6. Atalaya hemiglauca 
7. Acacia coriacea 
8. Eucalyptus terminalis 
9. Cassia oligophylla 

10. Sclero laena spp. 
11. Eucalyptus pap~ 

Summary of area of 2 880 m2 

a . Green canopy cover 
b. Dead/dormant wood 
c. Live herbaceous cove r 
d. Dead herbaceous cover 
e. Bare soil 
f. Litter 

BH11 
sandplai ns 

minor cattle trampling 
sand, calcrete 
sand 5YR 5/6 
calcrete 5YR 

No. Canopy 
area m2 

56 74.14 
39 18.58 
42 8 4.84 
12 81.67 
23 23.32 

219 125.28 
20 30.02 

7 18.09 
16 11.70 

3 0.23 
1 16.71 

Total area 
in m2 
496.10 
264.17 

74.19 
6.36 

1973.47 
65.71 

yellowish red 
7/3 p in k 

Average SD 
canopy 
area m2 

·' 
1.32 1.18 
0.48 0 .48 
2.02 2.66 
6.81 2.03 
1.01 0.93 
0 . 57 1.00 
1.50 1.34 
2.58 1.42 
0.73 0.60 
0.08 0.04 

16.71 0 .00 

Percent area 

17.23 
9.16 
2.57 
0.22 

68.52 
2.28 
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Field Work Summary Sheet 

Location code: 
Ecoregion: 

Soil condition: 
a. Micro-mesoform: 
b. Texture: 
Munsell soil colour: 

Plant name 

1. Acacia lysiphloia 
2. Eremophila latrobei 
3 . Eucalyptus terminalis 
4. Cassia helmsii 
5. Ventilago viminalis 
6. Atalaya hemiglauca 
7. Canthium sop. 
8. Carissa lanceolata 
9. Acacia anci strocarpa 

10. Cassia oligophylla 
11. Capparis umbonata 

Summary of area of 2 880 m2 

a. Green canopy cover 
b. Dead/dormant wood 
c. Live herbaceous cover 
d. Dead herbaceous cover 
e. Bare soil 
f. Litter 

8H12 
sandplains with clayis h 
depressions 

minor surface incrustations 
sand, clay, calcrete 
sand 2.5YR 4/6 red 
clay 2.5YR 5/4 reddish brown 
calcrete 5YR 7/3 pink 

No. Canopy Average SO 
area m2 canopy 

3 
34 

3 
480 

19 
169 

3 
20 

3 
7 

29 

12.31 
11.47 
10.91 

134.51 
69.87 

170.68 
0.34 

44 .63 
18.38 
4.45 

47.18 

Total area 
in m2 
524.73 
124 . 46 
203.00 
22.31 

1902.89 
102.62 

area m2 

4. 10 
0.34 
3.64 
0.28 
3.68 
1.01 
0.11 
2.23 
6.13 
0.64 
1.63 

3.37 
0.34 
1.18 
0.48 
2.71 
1.38 
0.06 
1.81 
2.03 
0.91 
2.78 

Percent area 

18.22 
4.32 
7.04 
0.78 

66.07 
3.56 
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Field Work Summary Sheet 

Location code: 
Ecoregion: 
Soi l condition: 
a. Micro-mesoform: 
b. Texture: 
Munsel l s oil colour: 

Plant name 

1. Acacia ancistrocarpa 
2. Eremophila l atrobei 
3. Cassia helmsii 
4. Eremophil a l ongifolia 
5 . Carissa lanceolata 
6. Cassia oligop hylla 
7. Acacia lysiphloia 
8. Ventilago viminalis 
9. Eucalyptus terminalis 

10. Eucalyptus setosa 

Summary of area of 2 880 m2 

a. Gree n c anopy cover 
b. Dead/dormant wood 
c. Live herbaceous cover 
d. Dead herbaceous cove r 
e. Bare soil 
f. Li tter 

BH13 
sandplai ns 

cattle trampling 
sand 

sand 2.5YR 5/6 red 

No. Canopy Average 
area m2 canopy 

area m2 

35 ·· 291. 90 8.34 
62 46.55 0.75 
92 26.91 0. 29 
so 52.70 1.05 
18 39 . 35 2.19 

3 4. 77 1.59 
55 322.99 5.87 
30 159 . 71 5.32 
11 85 . 23 7.75 

3 2.37 0.79 

Total area Percent 
in m2 
1032 .48 35.85 
328.51 11.40 

65.31 2.26 
66 . 83 2 . 32 

1386 . 87 48 .15 
54.68 1. 90 

so 

6.59 
1.31 
0 . 49 
1. 27 
2.53 
1.07 
5.89 
4 . 40 
7 .14 
0.00 

area 
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Field Work Summary Sheet 

Locat ion code: 
Ecoregion: 
Soil condition: 
a. Micro-mesoform: 
b. Texture: 
Munsell soil colour: 

Plant name 

1. Eucalyptus terminalis 
2 . Eremophila latrobei 
3 . Atalaya hemiglauca 
4. Ve n tilago viminalis 
5. Cassia helmsii 
6. Acacia ancistrocarpa 
7. Santalum lanceolatum 
8. Cassia ol igophy l la 
9. Canthium spo . 

10. Acacia lysiphloia 
11. Sclerolaena s op. 
12. Capparis umbonata 
13. Carissa lanceo l ata 

Summary of area of 2 880 m2 

a. Green canopy cover 
b. Dead/do rmant wood 
c. Live herbaceous cover 
d. Dead herbaceous cover 
e. Bare s oil 
f. Litter 

BH14 
sandplains 

cattle trampling 
sand 
sand 2.5YR 4/6 red 

No. Canopy Average 
area m2 ca nopy 

area m2 

18 139.52 
23 13. 15 
25 25.93 
35 23 1 .75 
46 18 . 55 
24 161 .42 

2 1.58 
1 0.20 

13 5.88 
35 111 . 27 

3 0.30 
1 5 . 31 
2 6 . 10 

7.75 
0.57 
1.04 
6.62 
0.40 
6.73 
0.79 
0.00 
0.45 
3 .18 
0.10 
0.00 
3.05 

SD 

5.69 
1. 09 
1. 23 
3.76 
0.80 
4.31 
0.00 
0.00 
0.32 
3.85 
0.07 
0.00 
2.26 

Total area 
in m2 
720.96 
108.96 
246 .00 

Percent area 

20.50 
1748.73 

34 . 85 

25.03 
3.78 
8.54 
0.71 

60.71 
1. 21 
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Field Work Summary Sheet 

Location code: 
Ecoregion: 
Soil condition: 
a. Micro-mesoform: 
b. Texture: 
Munsell soil colour: 

Plant name 

1. Eucalyptus terminalis 
2 . Eremophila latrobei 
3. Eremoohila longifolia 
4 . Ventilago viminalis 
5. Cassia helmsii 
6 . Cassia oligophylla 
7. Canthium soo . 
8. Acacia lysiphloia 
9. Sclerolaena spp . 

10. Capparis umbonata 
11 . Atalaya hemiglauca 
1 2 . Acacia ancistroca rpa 
13. Hakea soo. 
14. Carissa lanceolata 

Summary of area of 2 880 m2 

a. Green canopy cover 
b. Dead/dormant wood 
c. Live herbaceous cover 
d. Dead herbaceous cover 
e. Bare soil 
f. Litter 

. 
I 

BH15 
sandplai ns 

minor s urface incrustations 
sand, calcrete, silcrete 
sand 2.SYR 5/6 red 
calcrete 10YR 8/2 white 
silcrete 10YR 8/2 white 

No. Canopy 
area m2 

19 126.88 
53 27.41 
30 21.08 
24 66.29 
97 32 .45 

5 8. 10 
2 0.23 

18 128.32 
136 7.09 

10 26.71 
47 90.54 

4 23.69 
1 1. 77 
8 22.40 

Total area 
in m2 
561.76 
158.30 
128.27 

59 . 86 
1874 . 98 

74 . 83 

Average so 
canopy 
area m2 

6.68 5.86 
0.52 0 . 69 
0.70 1.00 
2.76 2. 19 
0 . 33 0.46 
1. 78 0.64 
0.12 0.12 
7.13 7.43 
0.05 0.02 
2.67 1. 41 
1.93 2.22 
5.92 1. 79 
0.00 0.00 
2 . 80 0.00 

Percent area 

19.51 
6.25 
4.45 
2.08 

65.10 
2.60 

341 



Field Work Summary Sheet 

Location code: 
Ecoregion: 
Soil condition: 
a. Micro-mesoform: 
b. Texture: 
Munsel l soil colour: 

Plant name 

1. Eremophila longifolia 
2. Acacia ancistroca rpa 
3. Acacia lysiphloia 
4. Ventilago viminalis 
5. Eucalyptus terminalis 
6 . Carissa lanceolata 
7. Eremophila latrobei 
8. Acacia coriacea 
9. Acacia multisi ligua 

10. Atalaya hemigl auca 
11. Capparis umbonata 
12. Melaleuca spp. 
13. Croton spo. 

Summary of area Qf 2 880 m2 

a . Green canopy cover 
b . Dead/dormant wood 
c. Live herbaceous cover 
d. Dead herbaceous cover 
e . Bare soil 
f . Litter 

•• 

BH16 
sandplains 

cattle trampling 
sand, minor ironstone gravel 
sand 2.5YR 4/6 red 
gravel 2 . 5YR 4/4 
reddi s h brown 

No. Canopy Average 
area m2 canopy 

area m2 

32 
12 
14 
30 
13 
12 

5 
110 

87 
16 
16 
35 

1 

63.77 
61.26 
83.25 

127.37 
69.28 
56.53 
9. 19 

144 . 08 
548.40 
30.29 
14.67 
60.54 

6.99 

2.06 
5. 10 
5 . 95 
4.25 
5.33 
4.71 
1.84 
1.31 
6.30 
1.89 
0.92 
1. 73 
6 . 99 

so 

1. 72 
5.32 
5. 16 
3.53 
2.31 
3.50 
1.20 
1.44 
5.62 
1.87 
1.17 
2.81 
0.00 

Total area 
in m2 
1275.72 

Percent area 

147.95 
198.06 

50.97 
1127.21 

80.10 

44.30 
5.13 
6.87 
1. 77 

39 . 13 
2.78 
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Field Work Su mmary Sheet 

Location code: 
Ecoregion: 
Soil condition: 
a. Micro-mesoform: 
b. Texture: 

Munsell soil colour: 

Plan t name 

1 . Acacia georginae 
2. Cassia helmsii 
3. Atalaya hemiglauca 
4. Carissa lanceolata 
5. Eremophila longifolia 
6. Eucalyptus terminalis 
7. Eremophila latrobei 
8. Petalostylis cassiodes 
9. Eucalyptus papuana 

10 . Acacia coriacea 

Summary of area of 2 880 m2 

a . Green canopy cover 
b. Dead/dormant wood 
c . Live herbaceous cover 
d . Dead herbaceous cover 
e. Bare soil 
f - Litter 

i 

BH17 
sandplains 

cattle trampling 
sand, sca ttered 
ironstone gravel 
sand 2.5YR 5/6 red 
gravel 2.5YR 4/4 
reddish brown 

No. 

87 
238 

1 4 
115 

81 
3 

14 
1 

14 
3 

Total 
in m2 

Canopy 
area m2 

519.51 
116.48 

9 . 29 
48.62 
64.01 
13.42 
10.75 
0.20 

60.48 
0.60 

area 

843.36 
224.39 
88.8 
56.18 

1612.91 
54.37 

Average 
canopy 
area m2 

5.97 
0.49 
0.66 
0.42 
0.79 
4.47 
0.77 
0 . 20 
4.32 
0 . 20 

Percent 

29.28 
7 . 79 
3.08 
1.95 

56.00 
1.89 

SD 

8.68 
1.19 
0 . 24 
0.63 
1.81 
1.18 
2.21 
0.00 
5.12 
0.00 

area 
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Field Work Summary Sheet 

Location code: 
Ecoregion: 
Soil condition: 
a. Micro-mesoform: 
b. Texture: 

Munsell soil colour: 

Plant name 

1. Acacia ancistrocarpa 
2. Capparis umbonata 
3. Carissa lanceolata 
4. Atalaya hemiglauca 
5. Acacia lysiphloia 
6. Cassia helmsii 
7. Sclerolaena s pp_ 
8. Acacia coriacea 
9. Canthium spp. 

10. Eremophila lonqiflora 
11. Ventilago viminalis 
12. Cassia oligophylla 
13. Eucalyptus papuana 
14. Eremophila latrobei 

Summary of area of 2 880 m2 

a. Green canopy cover 
b. Dead/dormant wood 
c. Live herbaceous cove r 
d. Dead herbaceous cover 
e. Bare soil 
f. Litter 

BH18 
sandplains 

cattle trampling 
sand, minor ironstone 
gravel 
sand 2.5YR 4/6 red 
gravel 2.5YR 4/4 
reddi s h brown 

No. 

37 
23 
57 
53 
14 
44 
51 
66 

1 
17 

6 
8 
3 
2 

Canopy 
area m2 

147.93 
233.34 
96.23 
85.36 
60.05 
15.64 
2.17 

102.12 
0.20 

19.51 
60.07 
8.57 

16.83 
1.97 

Average 
canopy 
area m2 

4.00 
10.15 
1.69 
1.61 
4.29 
0.36 
0.04 
1.55 
0.20 
1.15 

10.01 
1.07 
5.61 
0.99 

so 

2.87 
6.27 
1.89 
1.97 
3.09 
0.37 
0.02 
2.25 
0.00 
1.40 
4 .37 
1.03 
2.43 
0.79 

Total area 
in m2 
849.99 
148.51 
111.00 

Percent area 

54.56 
1683.96 

31.99 

29.51 
5.16 
3.85 
1.89 

58.47 
1.11 
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Field Work Summary Sheet 

Location code : 
Ecoregion: 
Soil condition: 
a. Micro- mesoform: 
b. Texture : 
Munsell soil colour: 

Plant name 

1. Acacia c oriac ea 
2. Acacia ancistrocarpa 
3. Cassia helmsii 
4. Eucalyptus papuana 
5. Capparis umbonata 
6. Eremophila latrobei 
7. Eremophila longifolia 
8. Croton spp. 
9. Acacia lysiphloia 

10. Sclerolaena spp. 
11 . Atalaya hemiglauca 
12. Carissa lanceolata 
13. Cass ia oligophylla 
14. Santalum lanceolatum 
15. Eucalyptus terminalis 
16. Ventilago viminalis 
17. Hakea leucoptera 

Summary of area of 2 880 m2 

a . Green canopy cover 
b . Dead/dormant wood 
c . Live herbaceous cove r 
d. Dead herbaceous cover 
e. Bare soil 
f. Litter 

BH19 
sandplains 

cattle trampling 
sand, irons tone gravel 
sand 2.5YR 4/6 red 
gravel 2 . 5YR 4/4 
reddish brown 

No. Canopy Average 
area m2 canopy 

area m2 

60 173.41 
43 167.45 
39 19.49 

9 47.54 
15 55.07 
12 8.94 
40 32 . 79 
37 80.65 
30 139.69 

1 0 . 07 
22 22 .4 
27 62.83 

5 9.05 
8 7.74 
4 25.91 
7 13.26 
1 1.77 

2.89 
3.89 
0.50 
5.28 
3.67 
0.74 
0.82 
2.18 
4.66 
0.07 
1.02 
2.33 
1.81 
0.97 

·6. 48 
1.89 
1. 77 

so 

2.87 
4 .53 
0.65 
4.46 
3.83 
0.96 
1.19 
1. 53 
4.46 
0.00 
1.79 
2.30 
2.04 
0.72 
3.62 
2.83 
0.00 

Total area 
in m2 
868.06 
265.63 
117 . 00 

Percent area 

75.09 
1510.57 

43.66 

30.14 
9.22 
4.06 
2.61 

52.45 
1.56 
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Field Work Summary Sheet 

Location code: 
Ecoregion: 
Soil condition: 
a. Micro-mesoform: 
b . Texture: 
Munsell soil colour: 

Plant name 

1. Eucalyptus papuana 
2. Eucalyptus terminalis 
3. Croton spp. 
4 . Atalaya 11emiglauca 
5 . Acacia lysiphloia 
6. Capparis umbonata 
7. Eremophila latrobei 
8. Sclerolaena s oo. 
9. Cassia helmsi i 

10. Acacia coriacea 
11. Carissa lanceolata 
12. Cassia oligophylla 
13. Acacia ancistrocarpa 
14 . Eremophila longifolia 
15. Ventilago viminalis 
16 . Santalum lanceolatum 

Su mmary of area of 2 880 m2 

a. Green canopy cover 
b. Dead/dormant wood 
c . Live herbaceous cover 
d . Dead herbaceous cover 
e . Bare soil 
f. Litter 

BH20 
sandplains 

cattle trampling 
sand, minor calcrete 
sand 2 . 5YR 4/6 red 

No. Canopy Average 
area m2 canopy 

area m2 

13 90.05 
13 71.01 
89 132.60 

6 2.21 
32 133.70 

7 39.93 
26 16.46 

4 0.28 
32 8.89 
20 34.45 
13 20.12 

5 1.00 
2 1.97 
6 2 . 38 
1 2 . 80 
4 6 . 46 

7.23 
5.46 
1.49 
0.37 
4- 18 
5.70 
0 . 63 
0.07 
0.28 
1. 72 
1.55 
0.20 
0 . 99 
0 . 40 
2.80 
1.62 

so 

5.67 
3.16 
l. 19 
0.30 
2.87 
5.07 
0.74 
0.00 
0.59 
1.78 
1.09 
0.00 
0 . 79 
0.28 
0 . 00 
1. 21 

Total area 
in m2 
568.31 
134.85 
280.81 
180.68 

Percent area 

1599.98 
115.37 

19.73 
4. 68 
9.75 
6.27 

55.55 
4.01 
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Field Work Summary Sheet 

Location code: 
Ecoregion: 
Soil condition: 
a. Micro-mesoform: 
b. Texture : 
Munsell soil colour: 

Plant name 

1. Acacia aneura 
2. Dodonaea viscosa ~oo. 

angustissima 
3. Acacia murrayana 
4. Grevillea stenobotrya 
5. Acacia ligulata 
6. Acacia dictyophleba 
7. Dampiera spp. 
8. Caesia lateriflora 
9. Sclerolaena s oo. 

10. Calotis erinacea 
11. Enchylaena tomentosa 
12. Cassia nemophila 
13. Eremophila gilesii 

Summary of area of 2 880 m2 

a. Green canopy c over 
b. Dead/dormant wood 
c. Live herbaceous cover 
d. Dead herbaceous cover 
e. Bare soil 
f. Litter 

SOl 
sand dunes 

wind erosion 
sand 
sand 2 . 5YR 5/6 red 

No. Canopy Average 
area m2 canopy 

area m2 

10 
64 

39 
228 

1 
26 
71 

9 
3 
3 
2 

43 
3 

33.78 
116.08 

17 .93 
489.93 

0.07 
38.19 
9.01 

10.94 
2.21 
3 .35 
0 .27 

24.90 
0.60 

3.38 
1.81 

0.46 
2.15 
0.00 
1.47 
0.13 
1 .22 
0.17 
1.12 
0.14 
0.58 
0.20 

so 

4. 2 8 
2. 10 

0.62 
2.54 
0.00 
2.59 
0.07 
1.82 
0.05 
0.46 
0.06 
0.73 
0.00 

Total area 
in m2 

747 .26 
106.09 
252.79 

Percent area 

48 . 82 
1567.30 

157.74 

25.95 
3.68 
8.77 
1. 70 

54.42 
5.48 

347 
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Field Work Summary Sheet 

Location code: SD2 
Ecoregion: sand dunes 
Soil condition: 
a. Micro-mesoform: wind erosion 
b. Texture: sand 
Munsell soil colour: sand 2.5YR 5/6 red 

Plant name No. Canopy Average so 
area m2 canopy 

area m2 

1. Dodonaea viscos a ~PP- 16 27.62 1.73 1.38 
angustissima 

2. Acacia murrayana 118 22.34 0.19 0.31 
3. Grevillea stenobotrya 57 64.06 1.12 2 . 49 
4 . Acacia ligulata 17 42.24 2.48 4.16 
5. Acacia dictyophleba 111 234.28 2.11 1.67 
6. Caesia lateriflora 33 7.19 0.22 0.15 
7. Cassia nemophila 11 8.76 0.80 0.78 
8. Cassia oleurocaroa 6 1.20 0.20 0.00 
9 . Sclerolaena SPP..- 30 1.62 0.05 0.02 

10. Rhagodia sop. 58 11 . 60 0.20 0.00 
11. Enchylaena tomentosa 6 4.13 0.69 0 . 57 
12. Eremophila gilesii 8 0 . 91 0.11 0.07 

Summary of area of 2 880 m2 
Total area Percent area 
in m2 

a. Green canopy cover 425.95 14.79 
b. Dead/dormant wood 103.46 3.59 
c. Live herbaceous cover 154.22 5.35 
d. Dead herbaceous cover 137.74 4.78 
e . Bare soil 1962.84 68.14 
f. Litter 95 . 81 3.42 



Field Work Summary Sheet 

Location code: 
Ecoregion: 

Soil condition: 
a. Micro-mesoform : 
b . Texture: 

Munsell soi l colou r: 

Plant name 

1. Acacia ligulata 
2. Grevillea stenobotrya 
3 . Eremophila gilesii 
4 . Acacia dictyophleba 
5. Dodonaea viscosa §P~-

angustissima 
6. Cassia nemophila 
7. Acacia murrayana 
8. Enchylaena tomentosa 
9 . Sclerolaena spp . 

10. Atriplex holocarpa 
11. Rhagodia s~p_ . 

: ..... 
Summary of area of 2 880 m2 

a. Green canopy cover 
b. Dead/dormant wood 
c. Live herbaceous cover 
d . Dead herbaceous cover 
e. Bare soil 
f. Litter 

SD3 
sand dunes, 
ironstone gravel plai ns 

wind erosion 
quartz rich sand, si lt, 
ironstone gravel 
sand 2.5YR 5/6 red 
silt SYR 5/6 yellowish red 
gravel SYR 6/4 
light reddish brown 

No. Canopy Average 
area m2 canopy 

area m2 

31 101 .19 3.26 
10 4.34 0.43 
15 2.29 0.15 

2 2.56 1.28 
59 51.07 0.87 

22 24.57 1.12 
2 0.40 0.20 

16 2.94 0 . 17 
250 12.54 0 . 05 

65 2.55 0.04 
4 1.98 0.50 

Total area Percent 
in m2 
206.23 7.16 

24.18 0 .84 
66.23 2 .29 

114.00 3 . 96 
2331.59 80.95 

137.72 4 .78 

so 

3.63 
0.79 
0.18 
0. 49 
1.71 

1.03 
0.00 
0.24 
0.02 
0.02 
0.29 

area 
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Field Wor k Summary Sheet 

Location code: 
Ecoregion: 
Soil condition: 
a. Micro-mesoform: 
b . Texture: 
Munsell soi l colour: 

Plant name 

1. Dodonaea viscosa SPP-
angustissima 

2. Cass ia nemophila 
3. Acacia d ictyophleba 
4. Enchylaena tomentosa 
5. Acacia aneura 
6. Grevillea stenobotrya 

Summary of a.rea of 2 880 m2 

a. Green canopy cover 
b. Dead/dormant wood 
c . Live herbaceous cover 
d. Dead herbaceous cover 
e. Bare s oil 
f. Litter 

SD4 
sand dunes, interdune s wales 

s urface incrustations 
sand , silt 
sand 2.5YR 5/8 red 
si lt 2.5YR 5/4 reddish brown 

No. Canopy Average SO 
area m2 canopy 

area m2 

77 84 . 15 1.09 1.31 

114 38.52 2.99 0.54 
73 138.54 1.90 1.69 

7 7.65 1.09 1.1 1 
19 4.33 0. 23 0.20 
1 1 29.12 2.65 2.06 

Total area Perc ent area 
in m2 
500.85 17.38 
201.54 7.00 
263.49 9.15 
104.53 3.63 

1672.40 58 .07 
137.19 4. 76 

350 



Field Work Summary Sheet 

Location code: 
Ecoregion: 
Soil condition: 
a. Micro- mesoform: 
b. Texture: 

Munsell soil colour: 

Plant name 

1. Acacia aneura 
2. Dodonaea viscosa ~pp . 

angustissima 
3. Acacia dictyophleba 
4. Cassia nemophila 
5. Hakea eyreana 
6. Sclerolaena spp. 
7. Rhagodia spp. 
8. Eremophila gilesii 
9. Acacia tetragonophylla 

Summary of area of 2 880 m2 

a. Green canopy cover 
b. · oead/dorm~nt wood 
c. Live herbaceous cover 
d. Dead herbaceous cover 
e. Bare soil 
f. Litter 

SDS 
sand dunes 

wind erosion 
sand, minor silt 

sand 2.SYR 5/6 red 
silt 2.5YR 5/6 red 

No. Canopy Average 
area m2 canopy 

area m2 

10 
53 

176 
18 

1 
5 
5 
4 
2 

32.91 
39.69 

228.89 
9.33 
1. 77 
0.15 
0.56 
0.37 
8.69 

3.29 
0.75 

1.30 
0.52 
0.00 
0.03 
0.11 
0.00 
4.34 

so 

2.92 
0.62 

2.21 
0.85 
0.00 
0.00 
0.00 
0.00 
1.55 

Total area 
in m2 
322.36 
107.52 
308.58 
319.40 

Percent area 

1707.24 
124.90 

11.19 
3.23 

10.71 
11.08 
59.27 
4.34 
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Field Work Summary Sheet 

Location code : 
Ecoregion: 
Soil condition: 
a. Micro-mesoform: 
b. Texture: 
Munsell soil colour: 

Plant name 

1. Atalaya hemiglauca 
2. Cas sia nemo~hila 
3. Sclerolaena sop. 
4. Cassia helmsii 
5 . Acacia ligulata 

Summary of a r ea of 2 880 m2 

a. Green canopy cover 
b . Dead/dormant wood 
c. Live herbaceous cover 
d. Dead herbaceous cover 
e. Bare soil 
f. Litter 

SD6 
silty plains, gravel plains 

cattle trampling 
silt, gravel over sand 
silt 5YR 5/6 yellowi s h red 
gravel 5YR 6/4 
light reddish brown 
sand 2 . 5YR 5/6 red 

No. Canopy Average 
area m2 canopy 

area m2 

14 34.77 2.48 
7 4.22 0.60 

1000 30.00 0.03 
7 2.14 0 . 34 
1 8.72 0 . 00 

Total area Percent 
i n m2 

79.85 2.77 
6.17 0.21 
2 . 78 0 . 00 

304.49 10 . 57 
2452.36 85.15 

33.48 1.16 

so 

2.02 
0 . 30 
0 . 24 
0.56 
0.00 

area 
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Field Work Summary Sheet 

Location code: 
Ecoregion: 
Soil condition : 
a . Micro- mesoform: 
b. Texture: 
Munsell soil colour: 

Plant name 

1. Acacia ligulata 

Summary of area of 2 880 m2 

a. Green canopy cover 
b. Dead/dormant wood 
c. Live herbaceous cover 
d. Dead herbaceous cover 
e. Bare soil 
f. Litter 

SD7 
silty clay plains 

cattle trampling 
silt, minor gravel 
silt SYR 5/6 yellowish red 

No. Canopy Average 
area m2 canopy 

area m2 

1 2.80 0.00 

Total area Percent 
in m2 

2.80 0.00 
0.00 0.00 
0.00 0.00 

201.39 6.99 
2586.61 89.81 

89.19 3.10 

so 

0.00 

area 
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Field Work Summary Sheet 

Location code: 
Ecoregion : 
Soil condition: 
a. Micro-mesoform : 

b . Texture : 
Munsell soil colour: 

Plant name 

1 . Cassia nemo12hila 
2. Calotis erinacea 
3. Grevillea s tenobotr::t:a 
4 . Acacia murra::t:ana 
5. Rhagodia Sr>P .• 
6. Acacia ligulata 
7. Dodonaea vi s cosa spp . 

angus tiss ima 
8 . Sclerolaena spo_. 
9 . Cassia (2leurocar(2a 

10 . Caesia lateriflora 

Summary of area of 2 880 m2 

a . Green canopy cover 
b. Dead/dormant wood 
c. Live herbaceous cover 
d. Dead herbaceous cover 
e . Bare soil 
f . Litter 

so a 
sand dunes, interdune s wales 

surface incrus tations, 
wind erosion 
sand 
du ne s wale 2.5YR 4/6 red 
dune crest 2.5YR 5/8 red 
mid dune s lope 2.5YR 5/6 red 
lower dune slope 2.5YR 4/8 red 

No. Canopy Average so 
area m2 c anopy 

area m2 

10 20.04 2.00 3.56 
58 40.77 0.70 1.65 
94 165.97 1. 77 3.23 
70 22.54 0.32 0.50 
22 10.58 0.48 0.60 

2 12.41 6.21 2.52 
4 20.94 5 . 23 4.61 

7 0.33 0.05 0.02 
2 0.27 0 . 14 0.06 

17 6.21 0 . 37 0.32 

Total area Percent area 
in m2 
305.59 10.61 
147.70 5.12 
25.51 0 . 88 

501.18 17.40 
527.67 20 . 05 

1322.35 45.92 
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Field Work Summary Sheet 

Location code: 
Ecoregion: 

Soil condition: 
a. Mic ro-mesoform: 
b. Texture: 
Munsell soil colour: 

Plant name 

1. Atalaya hemiglauca 
2. Cassia nemophila 
3. Sclerolaena spp. 
4. Rhagodia sop. 
5. Enchylaena tomentosa 
6. Eremophila longifolia 
7. Grevil lea stenobotrya 
8. Cassia helmsii 
9. Acacia ligulata 

10. Dodonaea viscosa ~PP.
angustissima 

11 . Cassia pleurocarpa 
12 . Calotis erinacea 

Summary of area of 2 880 m2 

a. Canopy cover 
b. Dead/dormant wood 
c. Live herbaceous cover 
d. Dead herbaceous cover 
e. Bare soil 
f. Litter 

SD9 
sand dunes, 
ironstone gravel plains 

wind erosion 
sand, sil t, ironstone gravel 
sand 2.5YR 5/6 red 
silt 2.5YR 4/6 red 
gravel 2.5YR 3/2 dusky red 

No. Canopy Average 
area m2 canopy 

area m2 

30 
62 

122 
14 

7 
5 

64 
5 
2 
2 

10 
38 

88.53 
69.16 

4.94 
3.84 
0.49 
7.21 

61.20 
6.44 
9.00 
1.58 

1.52 
23.33 

2.95 
1.12 
1.04 
0.27 
0.07 
1.44 
0.96 
1.29 
4.50 
0.79 

0.15 
0.61 

so 

3 . 71 
1.87 
0.02 
0.70 
0.00 
1.14 
3 .41 
2.03 
0.81 
0.00 

0.22 
0.83 

Total area 
in m2 
664.40 
104.10 

16.89 

Percent area 

65.46 
1965.81 

63.35 

23.07 
3.61 
0.58 
2.27 

68.25 
2.20 
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Field Work Summary Sheet 

Location code: 
Ecoregion : 
Soil condition: 
a. Micro-mesoform: 
b. Texture: 
Munsell soil colour: 

Plant name 

NONE 

Summary of area of 2 880 m2 

a. Green canopy cover 
b. Dead/dormant wood 
c. Live herbaceous cover 
d. Dead herbaceous cover 
e. Bare soi l 
f. Litter 

SOlO 
silty clay plain 

cattle trampling 
silt 
silt 5YR 5/6 yellowish red 

No. Canopy Average 
area m2 canopy 

area m2 

Total area Percent 
in m2 

0.00 0.00 
0.00 0.00 
0.00 0.00 

280.00 10.00 
2380.00 85.00 

140.00 5.00 

so 

area 
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Field Work Summary Sheet 

Location code: 
Ecoregion: 

Soil condition: 
a. Micro-mesoform: 
b. Texture: 
Munsell s oil colour: 

Plant na me 

NONE 

Summary of area of 2 880 m2 

a . Green canopy cover 
b. Dead/dormant wood 
c. Live herbaceous cover 
d. Dead herbaceous cover 
e. Bare soil 
f. Litter 

SDll 
silty clay plains. 
irons tone gravel plains 

cattle trampling 
si lt, ironstone gravel 
si lt SYR 5/6 yellowish red 
grave l 2.5YR 3/2 dusky red 

No. Canopy Average 
area m2 . canopy 

area m2 

so 

Total area 
in m2 

Percent a rea 

0.00 
0.00 
0.00 
0.00 

2880.00 
0.00 

0.00 
0.00 
0.00 
0.00 

100.00 
0.00 
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Field Work Summary Sheet 

Location code: 
Ecoregion: 
Soil condition: 
a. Micro- mesoform: 
b. Texture: 
Muns ell soil colour: 

Plant name 

1. Acacia ligulata 
2. Acacia tetragonophylla 
3. Sclerolaena sop. 
4. Atalaya hemiglauca 

Summary of area of 2 880 m2 

a. Green canopy cover 
b. Dead/dormant wood 
c. Live herbaceous cover 
d. Dead herbaceous cover 
e. Bare soil 
f . Litter 

SD12 
sand dunes, interdune swales 

wind erosion 
sand, s ilt, gravel 
sand 2.5 YR 5/6 red 
si lt 5YR 5/6 yellowish red 
gravel 2.5YR 3/2 dusky red 

No. Canopy Average 
a rea m2 canopy 

area m2 

39 275.97 
1 22.03 
2 0.27 
5 31.76 

7.08 
22.03 
0.14 
6.35 

so 

4.23 
0.00 
0.06 
2.90 

Total area 
in m2 
330.03 
125.85 

12.80 

Percent area 

680.68 
1619.05 

111.60 

11.46 
4.36 
0.44 

23.63 
56.21 
3.88 
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Field Work Summary Sheet 

Location code: 
Ecoregion: 

Soil condition: 
a. Micro- mesoform: 
b. Texture: 
Munsell soil colour: 

Plant name 

1. Acacia tetragonophylla 
2. Acacia ligulata 
3. Sclerolaena s op. 
4. Rhagodia S0). 
5. Cassia nemophila 
6. Hakea leucoptera 
7. Enchylaena tomentosa 

Summary of area of 2 880 m2 

a. Green canopy cover 
b. Dead/dormant wood 
c. Live herbaceous cover 
d . Dead herbaceous cover 
e. Bare soil 
f. Litter 

SD13 
sand plains, 
minor gravel plains 

cattle trampling 
sand, gravel 
sand 2.5YR 5/8 red 
gravel 2.5YR 3/2 dusky red 

No. Canopy Average 
area m2 canopy 

area m2 

18 
16 

106 
22 

1 
1 
2 

83.87 
29.55 
14.14 
2.16 
0.20 
1. 77 
0 . 99 

4.66 
1.85 
0.13 
0.10 
0.20 
1. 77 
0.50 

so 

5.78 
2.18 
0.33 
0.00 
0.00 
0.00 
0.30 

Total area 
in m2 

132.64 
7.29 
4.48 

238.39 

Percent area 

2477.03 
19.18 

4.61 
0.24 
0.19 
8.28 

86.00 
0.67 
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Field Work Summary Sheet 

Location code: 
Ecoregion: 
Soil condition: 
a. Micro-mesoform: 
b. Texture: 
Munsell soil colour: 

Plant name 

1. Atalaya hemiglauca 
2. Sclerolaena sop. 
3. Rhagodia spp. 
4. Acacia tetragonophylla 
5. Hakea leucoptera 

Summary of area of 2 880 m2 

a. Green canopy cover 
b. Dead/dormant wood 
c. Live herbaceou s cover 
d. Dead herbaceous cover 
e. Bare s oil 
f. Litter 

SD14 
sand dunes 

wind erosion 
sand, gravel 
sand 2.5YR 4/8 red 
gravel 2.5YR 5/4 reddish brown 

No. 

27 
71 

1 
3 
1 

Canopy 
area m2 

196.60 
2.48 
0.20 

16.15 
0.20 

Total area 
in m2 

215.63 
63.09 

0 . 00 
612.68 

1947.08 
41.52 

Average 
canopy 
area m2 

7.28 
0.03 
0.00 
5.38 
0.00 

so 

4.55 
0.03 
0.00 
2.69 
0.00 

Percent area 

7.49 
2. 19 
0.00 

21.27 
67.60 

1.44 
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Field Work Summary Sheet 

Location code: 
Ecoregion: 
Soil condition: 
a. Micro-mesoform: 
b. Texture: 
Munsell soil colour: 

Plant name 

1. Grevillea stenobotrya 
2. Cassia pleurocarpa 
3. Acacia dictyophleba 
4. Eremophila gilesii 
5 . Enchylaena tomentosa 
6 . Acacia aneura 
7 . Rhagodia spp. 
8. Dodonaea viscosa spp . 

angustissima 
9. Cassia nemophila 

10. Sclerolaena s~p. 
11. Acacia ligulata 

Summary of area of 2 880 m2 

a. Green canopy cover 
b . ·oead/ dormant wood 
c . Live herbaceous cover 
d. Dead herbaceous cover 
e. Bare soil 
f. Litte r 

SOlS 
sand dunes 

wind erosion 
sand 
sand 2 . 5YR 5/6 red 

No. Canopy Average 
area m2 canopy 

area m2 

157 
6 
7 
8 

22 
9 

11 
3 

3 
32 

5 

Total 
in m2 

202 . 50 
4 . 72 

27 . 10 
9 . 69 
1. 40 

67.36 
27.78 

8 . 18 

1.78 
1.04 

12.28 

area 

363.83 
169.99 

55 . 59 
440.98 

1742.70 
106.91 

1.29 
4.79 
3 . 87 
1.21 
0 . 06 
7.48 
2.53 
2.73 

0.53 
0.03 
2.46 

Percent 

12.63 
5.90 
1.93 

15.31 
60.51 
3.82 

so 

2.95 
0.95 
3.79 
2.84 
0.05 
3.46 
1.59 
2.14 

0.28 
0.01 
0 . 99 

area 
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Field Work Summary Sheet 

Location code: SD16 
Ecoregion: sand plains, 

minor gravel plains 
Soil condition: 
a. Micro-mesoform: minor surface incrustations 
b. Texture: sand, minor silt 
Munsell soil colour: sand 2.5YR 5/6 red 

silt 2.5YR 5/6 red 

Plant name No. Canopy Average so 
area m2 canopy 

area m2 

1. Acacia aneura 97 236.27 2.44 2.39 
2. Sclerolaena spQ. 78 2.36 0.03 0.01 
3. Grevillea stenobotrya 23 60.66 2.64 3.29 
4. Acacia dictyophleba 2 15.29 7.65 4.84 
5. Dodonaea viscosa _spp. 11 21.46 1.95 1.66 

angustissima 
6. Eremophila gilesii 1 0.20 0.20 0.00 
7. Enchylaena tomentosa 1 0.07 0.07 0.00 
8. Cassia nemophila 134 21.36 0.16 0.87 
9. Rhagodia spp. 1 0.20 0.20 0.00 

10. Acacia ligulata 2 19.48 9.74 2.75 

Summary of area of 2 880 m2 
Total area Percent area 
in m2 

a. Green canopy cover 377.35 13.10 
b. Dead/dormant wood 110.17 3.82 
c . Live herbaceous cover 349.30 12.12 
d. Dead herbaceous cover 198.58 6.90 
e. Bare soil 1732.16 60.14 
f. Litter 112 . 45 3.91 



Field Work Summary Sheet 

Location code: 
Ecoregion: 

Soil condi tion: 
a . Micro- mesoform: 
b. Texture: 
Munsell soil colour: 

Plant name 

1. Hakea leucoptera 
2. Enchylaena tomentosa 
3. Sclerolaena spp. 
4 . Cassia nemophila 
5. Acacia aneura 
6. Dodonaea viscosa sp~ . 

angustissima 
7. Caesia lateriflora 
8. Rhagodia ~pp . 
9. Cassia oligophylla 

10 . Holosarcia spp. 
11. Grevillea stenobotrya 

Summary of area of 2 880 m2 

a. Green canopy cover 
b. Dea d / dormant wood 
c. Live herbaceous cove r 
d. Dead herbaceous cover 
e. Ba re soil 
f . Litter 

SD17 
sand plains, 
silty clay plains 

minor ridges 
sand, silt 
sand 2.5YR 5/6 red 
si lt 2.5YR 5/6 red 

No. 

33 
16 

586 
3 

12 
3 

1 
20 

1 
7 
9 

Canopy 
area 
23.98 
1.90 

36.99 
1.06 

13.61 
6.17 

5.31 
1. 79 
0.79 
0.34 

18.30 

Average 
area 
0 .73 
0.12 
0.06 
0.35 
1. 73 
2.06 

5.31 
0.00 
0.79 
0.05 
4.58 

so 

2.16 
0.06 
0.36 
0.31 
1.00 
2.32 

0.00 
1 .05 
0.00 
0.07 
4.15 

Total area 
in m2 

110.24 

Percent area 

• 42.32 
90.00 

261.83 
21 13. 78 
261.83 

3.83 
1.47 
3.12 
9.35 

73.39 
9.40 
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Field Work Summary Sheet 

Location code: 
Ecoregion : 
Soil condition: 
a. Micro-mesoform: 
b. Texture: 
Munsell soil colour: 

Plant name 

1. Enchylaena tomentosa 
2. Sclerolaena sp~. 

3. Atriplex .spp. 

Summary of area of 2 880 m2 

a . Green canopy cover 
b. Dead/dormant wood 
c . Live he rbaceous cover 
d. Dead herbaceous cover 
e . Bare soil 
f. Litter 

364 

SD18 
si lty sand plains, gravel plains 

cattle trampling 
silt, sand over silt, gravel 
sand 2.5YR 4 /6 red 
si lt 5YR 6/6 yellowish red 
gravel 2.5YR 5/4 reddish brown 

No. Canopy Average 
area m2 canopy 

area m2 

2 14 
24 
23 

3.94 
0.96 
4.18 

Total area 
in m2 

8.97 
0.00 

17.22 
114.84 

2678.68 
60.29 

0.02 
0.04 
0.18 

Percent 

0.31 
0.00 
0. 59 
4.00 

93.00 
2.09 

so 

0.02 
0.03 
0.06 

area 



Field Work Summary Sheet 

Location code : 
Ecoregion: 
Soil condition: 
a. Micro-mesoform: 

b. Texture: 
Munsell soil colour: 

Plant name 

1 . Sclerolaena ~P.P. 
2. Holosarcia spp. 
3. Acacia ligulata 
4. Acacia tetragonophylla 

Summary of area of 2 880 m2 

a. Green canopy cover 
b. Dead/dormant wood 
c. Live herbaceous cover 
d . Dead herbaceous cover 
e. Bare soil 
f. Litter 

SD19 
sand plains, gravel plains 

cattle trampling, 
gulley erosion, track erosion 
sand, gravel 
sand 2.5YR 4/6 red 
gravel 10YR 4/2 
dark grayish brown 

No. Canopy Average 
area m2 canopy 

area m2 

110 6.69 0.06 
9 0.11 0.01 

64 71.17 1.11 
9 5.77 0.64 

Total area Percent 
in m2 

83.74 2.91 
0.12 0.00 
0.00 0 . 00 

257.25 8.93 
2536. 10 88.05 

2.80 0.10 

so 

0.07 
0.01 
1.60 
1.65 

area 
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Field Work Summary Sheet 

Location code: 
Ecoregion: 
Soil condition: 
a. Micro-mesoform: 
b . Texture: 
Munsell soil colour: 

Plant name 

1. Sclerolaena spp. 
2. Rhagodia spp. 
3 . Atalaya hem1glauca 

Summary of area of 2 880 m2 

a. Green canopy cover 
b. Dead/dormant wood 
c. Live herbaceous cover 
d. Dead herbaceous cover 
e . Bare soil 
f. Litter 

SD20 
sand dunes, gravel plains 

wind erosion 
sand , silt, fine gravel 

sand 2 . 5YR 5/4 red 
silt 5YR 6/6 reddish yellow 
gravel 10YR 4/2 
dark grayish brown 

No . Canopy 
area m2 

498 15.65 
27 282.00 

1 12.49 

Total area 
in m2 

177.78 
0.00 

40.28 
1594.52 
1009 .52 

57.90 

Average 
canopy 
area m2 

0.03 
0.10 

12.49 

so 

0.02 
0 . 20 
0.00 

Percent area 

6 . 17 
0.00 
1.39 

55.37 
35.05 

2.01 
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APPENDI X I I I 

Field site numbe r I Da t e 

Location 

Species: perc ent Channel 1 Channel 2 Channel 3 Channel 4 
green leaf/ 
soil colour 1 2 3 1 2 
irradiance/dead/ 

3 1 2 3 1 2 3 

exposed s oil/litter 
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KING RIVER STUDY REGION I BIOPHYSICAL UNITS 
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BARKLY STUDY REGION 2= BIOPHYSICAL UNITS 
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Figure 5.3Biophysical Units in BarklyStudy Region. For full details ofBiophysical Units seeSection 5.1.2.



SIMPSON STUDY REGION 3: BIOPHYSICAL UNITS 
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Figure 5.5Biophysical Units in SimpsonStudy Region. For full details ofBiophysical Units seeSection 5.1.3.



BARKLY STUDY REGION 2: CLASSIFICATION MAP 
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Figure 7.11aFinal classified mapshowing major vegetationgroupings - Barkly.



SIMPSON STUDY REGION 3: CLASSIFICATION MAP 
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Figure 7.14aFinal classified mapshowing major vegetationgroupings - Simpson
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KING RIVER STUDY REGION I : CLASSIFICATION MAP 
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Figure 7.8aFinal classified mapshowing major vegetationgroupings - King River.
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