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Summary

This report summarises the work and findings of one component of the LWRRDC-funded
project ‘Detecting and Monitoring Changes in Land Condition Through Time Using
Remotely Sensed Data’. The project is funded by the Land and Water Resources Research
and Development Corporation, project CMDL1.

This project aimed to monitor the extent of wind erosion through time in a representative

area of the south-west of Western Australia using remotely sensed data.

The outcomes of the study were:

() a sequence of calibrated and rectified images of the Mount Barker/Albany region;

(i) maps of wind erosion in representative areas in the South Stirlings over the period
1988-1993;

(iii)  estimates of the area affected by wind erosion in the South Stirlings; and

(iv) amap showing the frequency of wind erosion events in the South Stirlings.

The study shows that it is possible to derive a brightness index from satellite data that can be
used to define wind eroded areas. The same index can be applied to images captured at
different times, but calibrated to a common reference scene. Maps of the frequency of
erosion events can be produced and these can be related to management practices.

The methodology used in this project is potentially suitable for deriving indices for other
locations, that have different soil types, for the detection of wind eroded areas.



1. I ntroduction

Significant wind erosion has occurred on sandy soils on the South Coast of Western
Australia, most recently in the years 1969, 1970, 1971, 1980, 1981, 1982, 1983, 1984, 1988
and 1994. Paraphrasing Robertson (1982) "the continuation of this type of event will lead to
irreparable damage to the land. Wind erosion can result in a considerable cost due to loss of
production and increased costs resulting from crop sand blasting, loss of nutrients, reduced
yields, increased outlay for reseeding and reduced grazing. The cause of wind erosion is a
farming system not fully compatible with the environment, that is with the soils, rainfall and
winds of the area. For example, sandy surfaced soils are readily loosened by sheep
excessively grazing and digging, ensuring that the top 2cm of soil is predisposed to wind
erosion”.

This report presents the results of the analysis and interpretation of a series of Landsat
Thematic Mapper (TM) images of a representative area of the South Coast of Western
Australia. Wind-eroded areas were mapped in scenes captured during the period 1988-1993,
though not in all of these years.

The aim of the study was to develop methods for mapping the extent of wind erosion in the
region, which can be applied through time to demonstrate the extent and frequency of
erosion in relation to season, soil type and management.

Carter and Houghton (1981) showed that remotely sensed data (Landsat M SS) could be used
to map wind-eroded farmland. The spectral signatures they used were unique to each scene
due to atmospheric effects and differing soil types. One of the aims of this project was to
calibrate the images so that differences, such as atmospheric effects, were removed.

2. Study Area Selection

Following discussions with Don McFarlane and Dan Carter of the Department of
Agriculture, Western Australia (DAWA), a representative area of the South Stirlings, near
Mount Barker in the Great Southern region of Western Australia, approximately 350
kilometres south east of Perth, was selected for analysis. Figure 1 shows the location of the
study area, which is approximately thirty kilometres by twenty kilometres. Three smaller
areas, referred to as areas 1, 2 and 3 (Figure 2), were selected for closer examination within
this region. Figure 2, which shows an enhanced Landsat TM image from April 1993, gives an
overview of the study area and indicates the Stirling and Kalgan Land Conservation Districts



(LCD) boundaries as well as the smaller study areas. Three smaller areas, referred to as
areas 1, 2 and 3 (Figure 2), were selected for closer examination within this region.

Figure1: L ocation map with the study area shown by the black square south of the
Stirling Range National Park

3. Data

In September 1993, five farms in the area were visited to obtain historical information on
wind eroded areas, and information on areas susceptible to erosion. From these discussions,
and an examination of the TM images, it was clear that a severe wind erosion event had
occurred in early 1988.

Landsat Thematic Mapper (TM) satellite images were obtained for the years 1986 through to
1993. Table 1 lists the imagery that has been processed for the Mount Barker scene, (Landsat
5 path-row, 110-084), denoted by ‘X’. However, some of the images were not suitable for
analysis (in particular, those from the earlier AMIRA series before 1987, which suffered
from registration and calibration problems). Other images had cloud cover or no apparent
erosion and were not used in the analyses.



Figure 2: TM image from April, 1993, with bands 3, 4 and 5 in blue, red and green. Y ellow indicates the boundaries of the Stirling and Kalgan LCDs,
and cyan indicates the three study areas. The green asterisk indicates the centre of the region used to calculate NDVI.



Table1l: Processed Landsat 5 TM imagery for Mt Barker

Year| Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
1986 X

1987

1988 X X X X

1989 X X

1990 X X

1991 X

1992 X

1993 X X

1994

Attention was then directed to images from February 1988, April 1988, August 1988, March
1989, February 1992 and April 1993, shown in bold, in Table 1. The 1988 scenes track the
pattern of development and recovery of a wind erosion event in the summer of 1987/88.
Though no major wind erosion events occur in the other selected scenes, they allowed the
mapping of small eroded areas.

Other relevant sources of data include rainfall records, and a monthly measure of the status
of green vegetation for the region. The rainfall data were collected as monthly readings from
farms in the South Stirlings. Figure 3(a) is a plot of rainfall, measured at a farm within the
region, which has been summed over quarters; i.e. the numbers plotted are the total rainfall
for the January-March quarter etc. The status of vegetation is based on the Normalized
Difference Vegetation Index (NDVI) derived from NOAA satellite imagery, covering the
period 1981 to 1993. The NDVI is calculated by dividing the difference between visible
band and near infrared band by their sum, and gives a measure of the status of green
vegetation. This was acquired under the V egetation Watch project conducted by CSIRO and
the Western Australian Department of Land Administration. The NDVI index is calculated
over a 35 kilometre sguare area, centred within the Stirling Range National Park, but
covering much of the region discussed in this report; the centre is indicated by the green
asterisk in Figure 2. Figure 3(b) isaplot of the NDVI values.



Figure3: (@) Plot of quarterly rainfall in South Stirling area 1981-1993.
(b) Plot of NDVI for aregion including the study area from 1981-1994.

4, Data Processing

Satellite images taken at different times are not directly comparable, either geometrically or
radiometrically. Due to variations in the satellite’s position, successive scenes cannot be
directly overlaid, nor can they be immediately overlaid on a map. The composition of the
atmosphere changes from one time to another, and the sun’s angle of incidence also changes
seasonally, so that the values recorded at one time are not directly comparable with the
values collected at another time. To overcome these problems, the images are rectified to a
map grid and the numerical values (digital counts) are calibrated to match those of a chosen
reference image.

The February 1992 image was selected to be the reference image and thisimage was rectified
to the Australian Map Grid (AMG). All the other images were then registered to this image
and then rectified to AMG coordinates. The rectification makes overlaying of map-based
information, such asthe LCD boundaries, possible.

Radiometric calibration was applied to adjust the data values from different scenes to
common or “like values’ prior to analysis so that images from different dates can be directly
compared. The images, other than the reference image, were calibrated to the February 1992
reference image through the selection of apparently invariant targets (e.g. ocean, bright sand



dunes) and the extraction of the measured values for these targets from the reference image
and each of the other images. Robust linear regression methods were used to find the
calibration relationship for each band, which was then used to adjust the data values in each
image to match those of the reference image.

This procedure, based on linear and robust linear regression procedures is described in a
DMS Technical Report (Campbell et al, 1994). The details of the calibration and the
rectification/registration for the Mount Barker scenes are aso documented as Technical
Reports.

5. Data Analysis

A broad statement of the aim of this study is to classify/label pixels as wind eroded or not
wind eroded. To do this, discriminant analysis techniques were used to develop an index, so
that high values would indicate wind eroded areas. Training sites were selected from the
images using known areas of wind erosion based on the discussions with landholders. There
were four scenes that had large enough areas of known wind erosion: the February and April
scenes from 1988, March 1989 and February 1992. Training areas were also selected from a
range of ground cover types evident from inspection of the images. Sites were selected
primarily from paddocks of mediunvlight cover to bare/eroded sites.

This strategy resulted in sample sites from four main ground classes: wind eroded; bright but
not necessarily eroded; and two different levels of ground cover. For each of the four images,
there were generally 14-15 training sites chosen with approximately four sites in each of the
above four classes. Other particular groups, such as bush and lakes, were not included as
training areas, because they were considered to be so different from the feature of interest
that they could be masked out.

The “bright” class may occur from arange of different ground conditions, including soil that
has a small amount of cover (e.g. heavily grazed). Mixed pixels with very small areas of
erosion surrounded by pasture and edges of wind-eroded areas may aso appear bright.
Mixed pixels arise because the Landsat TM scanner collects data from a 30 metre square
area on the ground, so that a pixel of data can have contributions from different ground
covers within that area.

Canonical variate analyses of the training site classes, using bands 1, 2, 3, 4, 5 and 7,
consistently showed separation between the various groups. Furthermore, considering just
the first canonical variate, the separation showed a trend with brightness. The pattern was



consistent over the four images analysed. Figure 4, a series of plots from the analyses of
these four scenes, shows the trend along the first canonical variate.

Figure 4: Plots of the first two canonical variate means from separate analyses on each
of four data sets.

The next step was to identify the bands that contributed most to the separation and whether a
smaller number of bands would provide equivalent separation. Although not necessary
computationally, reduction in the number of bands should lead to a more robust procedure if



spectral bands that do not contribute to the separation of eroded areas from non-eroded areas
are omitted from the analyses.

The four sets of training areas were then divided into two groups, nominally eroded and not
eroded. The eroded group included the bright group. Analyses were performed to determine
the best subsets of image bands and whether simple linear combinations of these bands
preserved the discrimination between the two groups of sites. The sum of band one (visible
blue) and band four (near infra-red) appeared the most successful consistently over the four
years of data. This combination was used to calculate a “brightness’ index. Figure 5
displays the mean index value for each of the training classes, for the four scenes analysed.

Figure5: Plots of the mean brightness index for all the training areas from the four
years of data.

This linear combination was then “thresholded” to define classes that could be considered as
eroded or bare. The threshold was set so that there was no overlap between the eroded and
bright training sets for the four scenes. The same threshold could be used for all the images.
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For this set of images, calibrated to the February 1992 reference scene, the index was
calculated by halving the sum of bands 1 and 4. Pixels that had a value above 105 were
considered eroded and those that had a value between 87 and 105 were classed as bright.

Though the thresholds were set so there was no overlap between the groups of training
classes, the index is a continuous variable, and the actual value for the threshold is somewhat
arbitrary. Thus the allocation of pixels that have index values close to the threshold may be
open to interpretation.

One problem with this index was that it identified dry lakes as eroded areas. This was
overcome by constructing a mask based on a September image when the lakes were full of
water, and then using this mask on other dates when the lakes were dry.

The NDVI, calculated from TM data and scaled to lie in the range 100 - 200, was used to
restrict attention to pixels that had low vegetation signatures. Only pixels that had a
greenness index below 110 were considered for classification as bright or eroded.

Because there was no overlap between the training classes for the four years analysed, the
index was applied to two further scenes. The wind erosion status of the August 1988 scene
was not known from the earlier visit to landholders, because it was not then in the image
archive. There was believed to belittle wind erosion present in the other scene (April 1993).

6. Results

The agreement of this satellite mapping with a high resolution photograph is illustrated by
Figure 6. Figure 6(a) is a scanned copy of a 35mm slide of an eroded area located on the
Woogenillup Road North in study area Area 1, taken from an aircraft in February 1988.
Figure 6(c) covers the same area and is part of the thresholded TM image also taken in
February 1988. A vertical aerial photograph of the same area was used to register the TM
image to Figure 6(a). The registered February 1988 image was thresholded, as described
above, and those pixels that were classified as either eroded or bright were combined with
the photograph to produce Figure 6(b), where red indicates wind-eroded areas and yellow
indicates “bright” or bare areas. The smoothness of the boundaries apparent when
comparing Figure 6(b) with 6(c) are due to the resampling method used in part of the
registration process.

The boundaries between the two classes, and the unclassified areas were then found
and drawn on the photograph: these boundaries are shown in Figure 6(d). It is clear



Figure6:

11

Erosion along the Woogenillup Road North in February 1988. (a) 35mm
dide taken from an aircraft. (b) Thresholded TM image registered to the
35mm dlide. (c) Thresholded TM image of same area; red indicating erosion
and yellow bright areas. (d) Boundaries between the two classes and
unclassified aress.
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that the areas classified as red are in good correspondence with the eroded areas in the
photograph, and that the pixels classified as bright correspond to boundaries around the
eroded areas or to areasthat still have some cover. Small discrepancies can be seenin Figure
6(b) between the photograph and the satellite mapping. These can be attributed to the
differencein pixel size and also to the difficulty of registration to an oblique photograph.

The analyses suggest that the same index can be used to identify pixels from all the six dates
of TM data into eroded or bright classes. The pixels in the six sets of images which were
alocated to either the eroded class or “bright” group were then highlighted on a series of
images. Red was used to denote an eroded classification and yellow for a “bright”
classification. The “yellow” indicates areas that have large amounts of bright soil apparent,
but are not completely bare. It is possible to calculate the areas (in hectares) of these classes
from the different dates. These are shown in Tables 2 to 4 for the three areas studied in
detail. These tables show that 1988 had the largest amount of both eroded and bright pixels,
particularly in February and April. However, 1988 was a wet year (Figure 3(a)) and by
August most of the pixels previously classified as “bright” are no longer so classified,

indicating vegetative growth in the winter season.

Table 2: Areas of severe (eroded) and moderate wind erosion at 6
times between 1988 and 1993 for area 1 (measurementsin hectar es)

Scene Eroded Bright Totd
Feb 1988 472 (6.7%) 1353 (19.0%) [1825 (25.7%)
Apr 1988 |568 (8.0%) 1726 (24.0%) [2294 (32.0%)
Aug 1988 (120 (1.7%) 303 (4.3%) | 423 (6.0%)
Mar 1989 (134 (1.9%) 533 (7.5%) | 667 (9.4%)
Feb 1992 98 (1.4%) 614 (8.7%) | 712 (9.1%)
Apr 1993 | 67 (0.9%) 409 (5.8%) | 476 (6.7%)

Table 3: Areas of severe (eroded) and moderate wind erosion at 6
times between 1988 and 1993 for area 2 (measur ementsin hectar es)

Scene Eroded Bright Tota
Feb 1988 (311 (3.9%) 860 (11.0%) | 971 (14.9%)
Apr 1988 296 (3.7%) 1430 (18.0%) [1726 (21.7%)
Aug 1988 | 89 (1.0%) 162 (2.0%) | 251 (3.0%)
Mar 1989 | 38 (0.5%) 245 (3.0%) | 283 (3.5%)
Feb 1992 29 (0.4%) 243 (3.0%) | 272 (3.4%)
Apr1993 | 13(0.2%) 200 (2.5%) | 213 (2.7%)
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Table 4: Areas of severe (eroded) and moderate wind erosion at 6
times between 1988 and 1993 for area 3 (measurementsin hectar es)

Scene Eroded Bright Totd
Feb 1988 (226 (1.7%) 1174 (9.0%) [1400 (10.7%)
Apr 1988 272 (2.1%) 1923 (15.0%) [2195 (17.1%)
Aug 1988 (114 (0.8%) 179 (1.4%) | 293 (2.2%)
Mar 1989 | 87 (0.7%) 400 (3.1%) | 487 (3.8%)
Feb 1992  [105 (0.8%) 536 (4.1%) | 641 (4.9%)
Apr 1993 | 34 (0.3%) 157 (1.2%) | 191 (1.5%)
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Figure 7 shows a TM image of study area 1 from February 1992. Figures 8 (af) are
threshol ded images of study area 1 showing the extent of wind erosion over time.

Figure7: Areal, Bands 1, 3 and 4 in blue, green and red respectively from a TM image of
24 February, 1992. The areais9 kms by 7.83 kms (7070 hectares). Bare areas appear white.
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Figure 8a: Area 1: Classification of February 1988 TM image. 472 hectares (6.7%) are
classified as wind blown (red), and 1353 hectares (19%) classified as bright (yellow).

Figure8b: Areal: Classification of April 1988 TM image. 568 hectares (8%) are classified aswind
blown (red), and 1726 hectares (24%) classified as bright (yellow).
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Figure 8c: Areal: Classification of August TM image 1988. 120 hectares (1.7%) are classified
aswind blown (red), and 303 hectares (4.3%) classified as bright (yellow).

Figure8d: Areal: Classification of March 1989. TM image 134 hectares (1.9%) are classified as
wind blown (red) and 533 hectares (7.5%) classified as bright (yellow).
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Figure 8e: Area l: Classification of February 1992 TM image. 98 hectares (1.4%) are classified
aswind blown (red), and 614 hectares (8.7%) classified as bright (yellow).

Figure 8f: Area 1: Classification of April 1993 TM image. 67 hectares (0.9%) are classified as
wind blown (red), and 409 hectares (5.8%) classified as bright (yellow).
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Figure 9, which shows each of the three study areas, displays the frequency with which
pixels have been classified as eroded within the years 1988, 1989, 1992 and 1993. Red
indicates areas repeatedly classified as wind eroded.

Figure9: A summary of the frequency of wind erosion overlaid on the April 1988 TM
image for three areas studied in detail. Green indicates asingle wind erosion
classification in 88-93, yellow two events and red indicates three or four
events.

It appears to be possible to distinguish between erodible soils and management problems by
examining the shape of the areas classified as eroded. Erodible soils tend to appear as

irregular or dunal shaped areas, while poorly managed paddocks usually show up as
rectangular areas.

The conditions for erosion of susceptible soils are created by the combination of seasonal
conditions and management. Rainfall records and the NDVI history give some indications of
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the history of seasons for the area. It is clear from Figure 3(a) that 1987 was a low rainfall
year.

Figure 10 is a plot of the percentage of area eroded in each of the three study areas over the
six scenes analysed against the calculated NDV 1. It appears that an NDVI of greater than 0.3
indicates erosion is likely to be low, whilst an NDVI below 0.25 in the summer/autumn
months indicates conditions where wind erosion may occur.

Figure 10: Plot of the percentage of area eroded, for each of the three study aress,
against the NDVI.

The climatic indicators from the 1987-1988 season, prior to the major erosion of 1988, are of
interest. The NDVI plot shows a consistent downward trend from the spring of 1987 until
approximately the end of summer 1988, with a small increase then evident (Figure 3(b)).
Moreover, the minimum NDVI point in 1988 is much lower than in any of the other years
measured, consistent with the erosion evident in the February and April images.
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The 1987 pattern of low rainfall, when considered quarterly (Figure 3(a)), is also evident in
the records for 1982-1983, which coincides with the erosion events of December 1982, June
1983 (severe) and April 1984 (before the June break of season). The lowest sets of NDVI
figures (the beginning of 1983, 1984 and 1988) all occur at the same time as erosion events,
and the pattern of rapid descent in NDVI values may be indicative of erosion risk (Figure
3(b)). Further confirmation of this comes from the 1993-94 data. Though there was good
rain in 1993, there was little rain from November 1993 to end of May 1994. Consequently,
the NDV1 index shows a rapid decrease, to a value lower than all except those of 1983, 1984
and 1988. The rain of late May 1994 was preceded, in particular in the North Stirlings and
Jerramungup regions by north westerly winds that caused widespread erosion. The effect
was not as pronounced in the South Stirlings because there had been previous rains.

The question of whether management changes (e.g. the use of minimum tillage techniques,
early de-stocking and the use of tree belts) have resulted in alessening of wind erosion, must
take account of seasonal effects. Figure 3(a) indicates that the years of worst erosion
coincide with preceding years of low rainfall. Since the last bad year of erosion (1988) there
has not been a year that has had rainfall records comparable with those of 1982, 1983 and
1987. Thus it is difficult to separate the effects of good rainfall from those of management
improvements.

7. Conclusion

The aim of this project was to map the extent of wind erosion, through time, over a
representative area of the south coast of Western Australia. This project has developed a
methodology for mapping wind erosion events which has been applied to images from six
different dates over the chosen study areas. Maps of the location and extent of wind erosion
for individual images have been produced, along with statistical summaries of the area
affected for particular study sites. Associations have been indicated between severe erosion
events and aspects of the seasonal rainfall and the resulting greenness as reflected in the
NDVI data. In addition, maps have been produced showing where, and how frequently,
erosion events have occurred over a series of years.

The method consists of the application of a simple brightness index (the sum of TM bands 1
and 4) in combination with threshold values which identify bright and eroded areas. The
index is applied together with a mask derived from other TM bands. The mask excludes
particular cover types of high reflectance which are not erosion sites.



20

Because the TM scenes have been rectified and calibrated to common vaues, the same mask,
index and threshold values can be directly applied to all of the image dates. Moreover, the
index may be applied directly to images of this area which may be acquired in the future and
calibrated to the February 1992 base scene. A working methodology for image calibration
has been developed as part of the overall land condition monitoring project and applied in
thiswind erosion study.

This particular index and thresholds should also be applicable to calibrated data from other
areas that have similar soil types, in particular to regions within the Mt Barker, Bremer Bay
and Esperance scenes. Because of the sideways overlap between TM scenes, it isfeasible to
calibrate adjacent scenes to the present base image. However, on different soil types or land
systemsiit is likely that there will be a need to reset the threshold values for identification of
erosion, and possibly to re-examine the indices and discrimination of eroded areas. The
methodology used in this study to define the index may be applied to answer these questions.

TM data are available from 1987 in Australia. A longer history of wind erosion might be
provided by analysis of historic Landsat MSS data which have been available since 1981.
The particular index and thresholds derived from TM data cannot be directly applied as the
spectral bands on the two sensors do not correspond. The calibration and methods of
analysis used in this project could, however, be applied to MSS data.
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