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REMOTE SENSING OF SALINE SOILS
ABSTRACT

Salinity represents the major environmental threat to arable
land in Western Australia and many other parts of the worid. This
study was designed tc establish critéria for a practical remote
sensing system using the visible, reflected and shortwave infrared
for the early detection and mapping of salinity. The results are
principally from a group of study sites on the CSIRO‘s Yalanbee
Experiment Station, and from other significant sites during the
agricultural cycles of 1985-7.

Analysis of imagery from the Geoscan Multispectral Airborne
Scanner showed that best discrimination between study sites affected
by salinity, and those not affected, was provided by bands
3 (650-700 nm), 4 (830-870 nm) and band & (1980-2080 nm!. The
maximum discrimination occurred in a September 1986 flight
{spring-flush). &although excellent discrimination was also evident
in August and November in 1985, this could not be reproduced in
November 1986. The visible and reflected infrared bands 3 and 4
featured prominently, but the significance of the short wave
infrared bands was evident especially when vegetative ground cover
became a less dominant factor.

Field spectra collected over the same period with the Geoscan
Portable Field Spectroradiometer (PFS) supported the aircraft data
Lo a certain extent. Detailled analysis of the fine non-correlated
structure of narrow constructed bands, from PFS data, indicated that
improved discrimination between sites could be provided over a wider
time window extending into the summer and autumn. This is when
weather-related conditions, i.e. cloud, s¢il moisture and sun angle,
are more conducive to extensive surveys.
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The importance of at least one narrow band centred near 1985 nm
was determined. Laboratory spectra of bare soil from the sites
measured on an Hitachi Spectrophotometer also proved the importance
of the shortwave region adjacent tc the 1800 nm water absorptien.

The study evaluated the spatial and spectral characteristics of
existing satelliite systems such as Thematic Mapper and the
Multispectral Scanner on the Landsat series and determined that a
spatial resolution of about 20-30 metres was most appropriate for
detecticn of salinity at a scale whereby management could be
implemented.

Ground electromagnetic technigques were evaluated during the
study and the EM-38 Ground Conductivity Unit proved wvaluable for
characterizing salinity status of the sites. The Lowtran Computer
Code was used to model atmospheric attenuation and results indicated
that the pesitioning of a narrow shortwave infrared waveband,

centred at 1985 nm, is possible.
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CHAPTER ONE
—=— =R UlNe

1.1 INTRODUCTION
=== o RUDUCTION

more widely applicable.
concisely, the aims ars:-
1) to optimise maximum Spectral discrimination at useable
wavelengths, or multiple wavebands, which describe the

characteristics Oof saline ang non-saline lands;
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1.1.2 The Problem - The Philosophy

Contributions to the solution of the salinity problem could come
from hydrology studies, as the salt is brought to the root zone by
rising water tables; from plant physiclogy studies, as the loss of
plant growth is the econcmic result; or from soil physics, as the
problem could be encouraged to wash away down the creek. This
thesis contributes to none of these courses, but implicitly all must
be considered, as this is a "Remote Sensing" study and only aims o
determine maximum discriminability of salt-affected land from its
background which may enable implementation of remedial management.
Care must be taken not to think that there is an absolute waveband,
pixel size or time of year that will always discriminate high salt
risk areas from those areas less at risk.

The ldentification of salinity using spectral methoeds has
attracted considerable research in Australia and throughout the
world (Henigs et al. 1983). Hirscnfeld (1985) suggests that there
are two reasons for this interest. One 1s the simplicity of
laboratory spectral measurement and the other is the compatibility
with remote measurements from ailrcraft or orbiting spacecraft. He
comments that "at first glance, the determination of salinity by
infrared spectroscopy is sc implausible as to seem ridiculous....Not
only does moisture give an exceptionally strong infrared background,
but also sodium chloride is the archetype of an infrared transparent
material, having no absorption bands whatever in the near {or
middle) infrared". Hirschfeld {(1981) suggests that "sodium chloride

is capable of modifying the absorption bands of moisture in a

characteristic and measurable way".



Chaturvedi et al. (1983), in their review of remote sensing of
salinity, presented numerous cases where sensors in the visible and
reflected infrared reglons could identify intermediate to mature
saline seeps. They also note that these findings were supported by
Dalstead in his M.Sc¢. thesis, who indicated that the thermal
infrared regions could delineate incipient seeps at certain times of
the year. Thermal data were collected in this study, and at some
stage may provide a basis for studies, but these data are
uncalibrated and as no high resolution (< 120 m) spaceborne systems
are proposed, they have not been included. Horton et al. {1977)
identified in his experiments well-developed saline seeps but could
not reliably identify incipient or potential seeps.

A large, NASA-funded, project during 1978-9% conducted
experiments for detection of saline seeps in South Pakota, USA,
using airborne remote sensing in the visible, infrared, thermal and
microwave regions (Carver and Bush, 1079). Their conclusions failed
to support the use of near infrared, or thermal infrared but did
allude to a potential use for passive microwave. Microwave
responses to soil-water electrical conductivity at limited spatial
resolution was reported in passive systems and in an active system
at the same wavelengths (C and L bands), an even stronger response
was registered. However, Chaturvedi et al. {1983, p.250), in
contrast to the findings repoerted by Carver & Bush (1979), were less

optimistic about the use of either passive or actlive microwave

systems.



Most studies to date, for example, May and Peterson (1976), have
been restricted to the availlable spectral bands cn existing
spacecraft, which, although useful for vegetation studies, were not
selected specifically to detect spectral characteristics associated
with incipient salinity. For this study, a unique combination of
local knowledge, instrumentation and hardware laboratery and field
support enabled an extensive detailed evaluation of visible,

reflected and shortwave spectral regions.



1.1.3 Economic Considerations

Salinity has an impact in many ways and its cest Lo soclety may
be categorised-in the following ways (Peck et al. 1983, p.39):

i. Costs associated with use of saline water;

1i. Costs incurred by users of salinised land;

iii., Costs incurred to overcome salinity of water supplies; and

iv. Costs of alleviating the impact of salinity on land

resources.

The first two can be considered as "damage costs", the other two
as "abatement costs®. The total cost of salinity was calculated,
from Peck, to be $93 million in 1982. This figure is an estimate of
all costs due to forms of salinity in all states of Australia. The
estimate for annual productivity loss due to dryland salinity was
between $16-22 million, with Western Australia having the largest
affected area within Australia.

There is a fundamental desire for information on the extent of
current loss of production from agricultural salinity, and the
magnitude of any future extension of the problem. It is also then
necessary to assess implicaticens for other land uses and to study
the long-term impact of current land use. Dryland agriculture,
urban water supply, forestry and recreation needs all compete, and
the allocation of land was historically based on short-term
percepticn of production of food and fibre and the available
technology to maximise returns. This was the basis for land
c¢learing for agriculture in Western Australia.

It has long been recegnized that the hydrolegical balance was
changed by clearing for agriculture and that salinisation of land
may result. Documented evidence of salinity encroachment has been

provided by (Teakle 1938, p.434-52; Lightfcoot, et al. 1964, p.396;



Malcolm and Stoneman 1976, p.42, Peck and Hurle 1973, p.648.).
Occasional estimates of the extent of salinity were obtained by
guestionnaire. In 1955 and again in 1962, in conjunction with the
annual statistical returns, farmers in Western Australia were asked
to supply estimates of salt-affected land on their properties. 1In
the 1855 survey the data were collated over statisticai divisions,
but in 1962 details were collected on a shire basis. The gquestiocns
asked chtained the same basic information in each case, with
different additional questions in each survey.

In 1974, a further survey was conducted in co-operation with the
Australian Bureau of Statisties {ABS) using questions covering only
the basic infermation. The ABS prepares the forms annually for
statistical returns, relating to area and types of crops, etc. from
farmers. In the 1974 return the £fcllowing further information was
sought, "Area of salt-affected land at 31 March 1974 which was
previously used for crop or pasture.”

Nulsen (1981, p.88), in his survey of the Wongan Hills Shire,
used stereo moncchromatic air photographs at a scale of 1:20 000 to
delineate areas that in the winter-spring of 1977 "would grow plants

no less salt tolerant than sea barley grass, Hordeum marinum. .*

This was suppeorted by road traverses and farmer interviews.

The cost of these surveys are not documented, but these examples
of recent surveys are cited to support the case for survey systems
based partly on remotely sensed data,probably incorporated with
ancillary data sets,to provide information for:

i precise spatial extent of existing salinisation;

ii menitoring expansion or contraction of affected land; and

1il Dbaseline information prior teo cultural changes.



1.2 BACKGRQOUND

1.2.1 Salinisation

The process of salinisation of agricultural soil has probably
existed for as long as man has been practising the cultivation of
plants for his benefit. The dimension of the problem has paralleled
man‘s ability to alter the native vegetation (at an unprecedented
rate) with the use of mechanical and chemical farming techniques.

Sell salinisation ls the process of salt accumulation in the
s0il to the extent that plant growth and the soil’s physical
properties are affected. Soil is considered as saline when it
contains more than ¢.1% (loams + sand) or 0.2% (clay loams and
clays) of NaCl {by weight) in the surface ta 20 cm. "Salinity"
describes the concentration of soluble salts in a soil, the most
common ions being sodium (Na+), potassium {K+), magnesium
(Mg2¥), calcium (ca’*), chioride (C17), bicarbonate
(Hcoaa) and sulphate (5042—). Chlorides of sodium and
magnesium dominate the icnic species in the majority of Australian
soils (Northcote & Skene 1972) (Bettenay 1986).

The soll salts have similar composition to sea water, except for
accumulated nitrates. Atmospheric accession of salt in rainfall has
been measured in Western Australia and Victoria. There is a
decrease in saltfall with distance from the coast (Eingstoen and
Gailitis, 1876). Salt inputs vary from about 200 kg ha“l near the
coast to less than 50 kg ha ©, 150 km inland. The authors found
the relationship -

F = 1108 d 0733



where F 1s chloride fall in kg ha_l yr_l and d is distance from
the ocean in km.

For the typical deep-weathered soil profile at Yalanbee, with
annual salt input in 600 mm rainfall of 56 kg haﬂl, accumulation
of 106 Kg ha_l of salt could be accomplished in the order of
20,000 years, allowing a small loss of salt each year (Dimmock et
al. 1974, p.66). This rate of atmeospheric accession has
undoubtedly varied through geological time and changing climatic
conditions.

The areas of agricultural degradation due to salinisation in
Australia total more than 420,000 ha, and, with approaching double
that figure in the North American continent, the current research
effort is justified even without the consideration of the effect of
salinity on potable water supplies.

The emphasis 1n this study is on the detection of early stages
of salinisation in areas of dryland agriculture in semi-arid
environments, {i.e. in areas where the potentlal evaporation may
exceed rainfall), and in Mediterranean environments where there is a
period of excess rainfall over evaporation for the winter months.
These areas have the potential for salt concentration at the surface
due to emerging groundwater, with evaporation equal to or less than
the groundwater seepage. "Seepage" or "Saline Seeps" are the
accepted terms for areas where salts accumulate at the soil surface
as a consegquence of the groundwater discharge from an unconfined or
confined aquifer. "Seeps® describes the most common form of
salinisation around which have developed numerous variations

dependent on salinity, pH, landform, drainage etc.



1.2.2 Salinity in Western Australia

The western third of the Australian continent contains in part
an ancient Precambrian shield of crystalline Archean rocks overlain
by deeply weathered lateritic solls which contain large quantities
of oceanic/atmospheric-derived salts. The south-western corner of
the shield supports extensive dryland agriculture in a broad belt
approximately from latitude 27 degrees south to the south coast at a
latitude of 35 degrees south, and east to Longltude 125 degrees East
{Figure oOne).

Winter (June-September) rainfall ranges from >1500 mm near the
coast to <300 mm at the eastern limit of cultivated agriculture some

300 km inland. Mild, wet, Mediterranean-type winters provide
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Figure one {a) - Location map depicting the dryland agricultural

belt in the south west of Western Australia. The position of the
Thematlic Mapper Image, Figure One (b) is shown here and this area
also includes the large scale map segment around Yalanbee, Figure
Ccne {c). '
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Figure One (a). Thematic Mapper image of Perth, see inset Figure
one. Landsat 5 TM Bands 1,2 + 3 giving "true" colour composite on
16 October 1986 (Path/Row 112-082)
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moisture for the extensive pasture and wheatlands. Hot, dry
summers, from December to March, provide little or no rainfall for
annual plant growth. Perennlal growth relies on access to deep,
normally inaccesslible, groundwater. Approximately six million
tonnes of hard wheat, principally for export to Eurcpean and Asian
markets, are shipped from coastal ports. The producticn of wool,
sheep and cattle is of equal importance.

Surface soil salinity is classified as primary or secondary in
origin. Primary salinity is that which was present in the landscape
in the form of extensive salt lake chains and lacustrine soils prior
to the clearing of natlve vegetation for agriculture {(Burvill 1947,
Pp.9-19, Bettenay et al., 1962). Secondary salinity is that which
is subsequent to, and caused by, agricultural use of the land. The
area of land affected by primary salinity remains relatively
constant, while clearing of native perennial vegetation, mostly
during the last 100 years, has caused an increase in the area
affected by secondary salinity. Figure one {b) shows examples of
primary salinity and also 1llustrates the extensive clearing of
native vegetation. oOnly the state forest and the uncleared
remnants, usually nature reserves, remaln; these show as dark green.

Assoclated increases in stream salinity have also occurred and
have resulted in frequent loss of urban and on-farm water supply.
The current estimate that 264,000 ha of land in Western Australia is
affected by secondary salinity 1s based on Malcolm and Stoneman
{1976, pp.42-49) and Henschke (1980, pP-116). Despite the apparent
serlousness of the salinity problem, only limited documented

estimates of the specific areas affected are available.
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1.2.3 Historic Remote Sensing of Salinity in Western Australia

Remote sensing technigues have been investigated as a method of
assessing the location and extent of secondary salinity and to
monitor any changes resulting from management practices (Estes &
Simmonette 1978).

As noted in section 1.1.3, the Western Australian Government
produces a regular statement on the extent of secondary agricultural
salinity derived from photographic surveys and farmer
guestionnaires. With the advent of satellite-derived digital
imagery, a study {Honey et al. 1984) was commenced to evaluate the
use of such data to complement the salinity mapping and monitoring.

Early attempts to use lLandsat MSS data were little more than
enhancement of autumn imagery for "photo-interpretation". Late
summer/autumn imagery was available and thought to be adequate.

This was based on experience gained from air phote surveys and from
the knowledge that secondary salinity seemed to be most readily
visible at these times. This approach proved unsuitable, due to the
confusion with other land surfaces which displayed the spectral
characteristics of bare scil.

An alternative hypothesis was based on the experience that the
best discrimination of salt areas was in the "spring-flush" (Hick et
al. 1984). At this time, those areas remaining without vigorous
vegetation were readily identified by their spectral characterist-—
ics. Wnhile this introduced a range of cover classes other than
saline, these other classes had characteristics which could be
isolated digitally, topographically, or were of a static nature and
hence could otherwise be accounted for {(examples include roads,

gravel pits, roaded catchments, ete).
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In Western Australla, an evaluation of Landsat MSS§ CCTs
indicated that detection of known bare salt areas could be made
during the period of maximum growth of crops and pastures,
(June-oct). Data set from three dates were merged into a 12 -band
MSs file and a parallelepiped classifier was used based on a mean of
the pixel values within the training site plus and/or minus one
standard deviation. Use of a higher standard deviation was rejected
on the basis that the misclassifications highlighted the extreme
variability even within training sites. Improwved accuracy of
classification was achieved by having a large number of narrow
classes. Highly saline areas were differentiated in part by the
rate of cover change during the year. Road and railway reserves
have similar trends of vegetation change and this fact appears to
preclude the separation of salt areas from these reserves in some
cases. This was evident by misclassifications (errors of
commission) along these often linear features. Similarly, a number
of misclassifications appeared on bare soil areas high in the
landscape. It is reasonable to assume that saline areas are areas
of groundwater discharge rather than recharge, and as such, are
almost exclusively in low to midslope positions, rather than high in
the landscape., For the study area, inspection of the 1:100,0090 map

with 20 m contours indicated that significant misclassifications
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could be removed by incorporation of specific altimetric data.
These data in digital form, used as another band in the
classification file, enabled the removal of misclassificatiocns in

high landscape positions.
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1.2.4 Spectral Reflectance Background

The fundamental measurable remote sensing quantity for a picture
element (pixel) is its spectral radiance. Spectral characteristics
can be most easily explained in the visible region of the
electromagnetic spectrum using "reflected-light” as the example.

The sun is a source of electromagnetic radiation of which a small
portion, from 380-760 nanometers, can be perceived by the retina of
a human eye. In this study all wavelengths (A) are in nanometres
{nm). Wave number is % or the fregquency/cm.

A visible object exhibits a particular colour because it
reflects light. Pigments may absorb a portion of "white" light and
reflect other portions, and the wavelengths absorbed or reflected
give the perceptlion of colour. A diffuse near-perfect reflector {(or
Lambertian surface) would ideally reflect ail wavelengths and appear
white as is nearly the case with Baso4 or Halon standards.

Certain pigments may absorb all light and would appear black as they
reflect no light.

Historic arguments about the nature of light canvassed the view
that light consisted of minute particles. The butch scientist
Huygens {(1629-1695) disputed Newton’s particle theory and promoted
light-waves theories. The demonstration that waves may be bent
around a barrier, or diffracted, supported the wave theory and
during the 18th century Thomas Young was able to create diffraction
patterns by passing light through slits. The history of light
theories is well covered in Murphy & Smoot (1982, p.267-270).

Electromagnetic radiation at some fregquencies interacts with

molecular processes (Schaper 1976, p.86). Gamma and X-rays interact
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with beth atoms and molecules by adding or subtracting energy freom
the surrounding electreons. The molecular state may be affected in
various ways, either by wvibration o¢r rotaticn of the molecules.
Transitions of the electronic state are a result of interaction with
ultra-vielet and visible light, whereas vibratlon and rotation are
associated with shert—wave infrared (SWIR) or thermal infrared (TIR)
radiations. The SWIR, approximately 1,100-3,000 nm is reflected
energy from the sun. This varles as a function of albedo and angle
of incidence. TIR is emitted energy.

If radiation having a broad spectrum of energies (e.g. sun-
light), traverses a cloud of molecules of a glven type, certain
wavelengths are absorbed by the molecules, giving rise te an
"absorption spectrum”. Scme of the energy will be retained to emit
radiation, giving rise to an "emission spectrum”.

An absorption line can be measured spectrally when a molecule
interacts with (i.e. absocrbs! a photon. As the number of molecules
between the source of energy and the receiving/detecting apparatus
increases, the number of photons of that energy that is absorbed
will increase; that 1s, the absorption line gets "deeper”. The
proportionality constant is basically a probability that a
"collision" between a molecule and a photon will result in that
photon being absorbed.

This assumes that the energies of the photons absorbed by the
molecule are defined with infinite precision. In fact, it is found
that the molecule will absorb not only the specific energy but also

a small range around that value. The range is freguently smaller
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than the distance {in energy) from the next absorption s¢ that the
technique can retain its basic validity, i.e. the absorptions are
separable.

Examination of the spectrum of a molecule shows that there is a
distinct regularity in the absorption features. Whether this
regularity remains is dependent on the type of molecule involved.
Simple molecules retain considerable regularity, whereas others
{water wvapour iH20] for example), display a totally random array
of individual lines. 1In all cases, however, the arrays of lines
group together into what are called absorption bands. Analysis of
such bands shows that they result from transitions between
vibrational states of the molecule, and the "fine structure” of the
individual absorption lines within the band are a consegqguence of
transitions between rotational states within the vibrational
states.

The atmocsphere contains molecules which absorb infrared
radiation at particular wavelengths. Between these regions,
"atmospheric windews" occur. These are regions where attenuation
due to atmespheric gases is minimal, and hence they permit
observations of the earth’'s surface from anh airborne or spaceborne
sensor.

Figure Two graphically represents the atmospheric windows
between 40¢ and 2600 nm. Against this are shown the positions of
the bands installed on the Geoscan scanner and the two scanners
aboard the Landsat series of satellites. A more complete list of

spaceborne and airborne sensors is included in Appendices One a & b.
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Atmaospheric transmission characteristics
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Flgure Two. Wavebands covering the visible and near infrared
incorporated in the Geoscan Airborne Multispectral Scanner, and the
Landsat Thematic Mapper and Multispectral Scanner. (Also see
Appendices One a & b.)
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1.2.5 Measurement of Reflectance

Spectral measurements of field sites were routinely recorded
using both an Hitachi lakoratory spectrophotometer and the Geoscan
portable field spectroradiometer (PFS). Basically, reflectance of a
target may be measured in two ways: in the laboratory, artifictally
illuminated; or in the field with solar illumination. These
approaches provide different results for several reasons.
Illumination conditions are mere easily controlled in the
laboratory, but the field-of-view is different for laboratory, field
and aircraft measurements. In laboratory studies, for example, a
single leaf, or scil sample, may be analyzed, whereas in the field
the sample usually becomes larger as a function of distance from the
target. Thus, depending con its altitude, a narrow-field-of-view
instrument may "see" anything from several leaves to a whole
paddock, and as the field-of-view becomes larger, the target beccmes
a composite of leaves, stalks, soil, shadow, etc. With increasing
altitude, atmospheric effects become more important, and scattering
and absorpticn effects on radiance are enhanced. Target radiance is
also influenced by scattered radiance from outside the instrument-s
field-of-view.

Reflectance 1s the ratio of the radiant flux actually reflected
by a target surface to that which would be reflected into the same
reflected geometry by an ideal perfectly diffuse (Lambertian)
standard surface. For small fields of view, such as those
encountered with field spectroradiometers, the term bidirectional
reflectance factor is used (Stoner and Baumgardner 1981, p.1426).

This describes the measurement from one direction being the viewing
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angle of the instrument and the other direction being the solar
zenith and azimuth. The bidirecticnal nature of the reflectance
factor, R(Oi,¢i;0r,¢r) is illustrated in Figure Three for incident
and reflected beams where (ei,¢i) and (er,¢r) are the zenith and
azimuth angles o¢f the incident and reflected beams respectively. In
the field, R can be approximated by taking the ratio of the
instrument response when viewing the target vt to the instrument

response when viewing a level reference surface Vr such that

A"
r
R (B.,6.;8 ,06 ) = S - I
t i ¢1 r ¢r v Rr(el ¢1’Br ¢r)
r

where Rr(ei,¢i;9r,¢r) is the bidirectional reflectance

factor of the reference surface; this term corrects for the nonideal
reflectance properties of the reference surface. This relation
assumes that (1} the instrument response is linear to entrant flux,
{2) the diffuse component of irradiance is negligible, (3) the
reference surface is irradiated and viewed in the same manner as the
target, and (4} the aperture is sufficiently distant from the target

{Bowker et al., 1985, p.3).
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Zenith

Radiance lrradiance

180

90

Figure Three. Bidirectisonal Reflectance
{adapted from Bowker et al.)

Field and laboratory calibration procedures consist of the
comparison of tChe instrument response between the target and a
level, spectrally-flat reference surface. This approach assumes
that the sample target is nearly independent of the incident
irradiation and atmospheric conditions at the time of measurement.
The basis for bidirectional factor measurements allows for direct
comparison of field-collected and laboratory-collected data. Stoner
et al. (1980, p.572) showed experimental results verifying the

validity of comparing laboratory and field-measured spectral

response in moisture-controlled conditions. Spectral analysis
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in controlled laboratory conditions allows for great flexibility to
study a diverse range of soils from scattered field sites
independent of varying sun illumination.

Soill radiance from ajirborne MSS data was compared with
laboratory reflectance spectra of seil (May and Peterson 1875,
p-211i). They showed that laboratory-derived reflectance gave good
agreement with the alrborne data for bare soil situations.

In laboratory measurements of reflectance, a small sample of the
target is usually analyZed using a spectrophctometer with an
integrating sphere attachment. Two metheds of measuring reflectance
with an integrating sphere are possible. In the ‘substitution
method’, the sample and reference are placed in turn at the sample
aperture and the ratio of respective photocell readings is
determined. In the ‘comparison method’, both sample and reference
are placed in separate apertures, the illuminating beam is switched
from one to the other, and the ratio of the respective photocell
readings is determined. The ‘substitution methoed’ 1s generally
implemented 1n spectroradicmeters and the ‘comparison’ method is
employed in spectrophotometers. The instruments used in this study
are described in detail in Chapter Two and their specifications are

appended.
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1.2.8 Spatial Resolution, Element Size

Spatial rescliution can be considered as the minimum c¢cell or
element distinguishable on an image. At this level, confusion often
abounds as to the distinction between *resolutionm, "detectability"
and *precision”. An apparent chbject may be smaller than the nominal
minimum "element-size", or because of its gecmetric configuration,
it may appear on imagery, giving an erroneous perception of what is
actually the smallest resolvable feature. Features with high
contrast to thelr background may be "detectable" when in fact their
spatial dimension is smaller than the minimum spatial resclving
power of the instrument. Similarly, linear features can often be
discerned when their width is much less than the instrument's
instantaneocus field of view (IFOV). This aspect has important
implicaticns for the detection of salinity. Cften salinity is
associated with streams and drainage lines, or occurs as "fringing"
features, which are often both high-contrast and linear.

The term "nominal spatial reselution” is used to subdue the
notiocn that a specific measurement of resclution, i.e. 10 metres, is
in fact that given figure. The resolution depends upon the
characteristics of the detector and is only the mean measurement for
& spot on the ground which is then divided into egqual parts by the
number of samples in each line. An image grid, or raster, is
created to reproduce the ground characteristics.

With the advent of the Landsat series of satellite, with a
nominal 57 x 79 metre picture element {pixel), some reassessment by
investigators was required as to what actually needed to be resolved

to provide boundary information. The early complaints, by land
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managers, about Landsat MSS data were nearly always that the spatial
resolution was too coarse. It was felt that if individual trees,
roads, fences and other boundary features could not be clearly seen,
then it would not be possible fo guantify the constituent matrix.

As a consequence, during the late 1970's, satellite design was
influenced by pressure from groups seeking higher spatial
resolution; for example Landsats 4 and 5 decreased nominal pixel
sizes toc 30 metres, while the French SPOT satellite has a 20 metre
multispectral scanner and a 10 metre monochromatic instrument.

The nominal pixel size is the spatial resolution of a sensing
system, and depends upon the geometry of the instrument. The
optical ccmponents of focussing, focal length, and detector size
determine the angle o¢f the IFCV. The height above the measured
surface determines the ground coverage. Assuming the land surface
is flat and the height constant, the sample at nadir would represent
one pixel of determined size. Earth curvature, terrain irregular-
ities, pitch, roll and yaw and scan angle affect pixel geometry and

hence nominal spatial resolution.
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1.2.7 Atmospheric Modelling - The Lowtran Code

To predict the effects of the atmosphere an total radiation from
the sun, a group of models has been compiled to calculate, for given
parameters, the atmospheric transmittance feor a given wavelength.
These models, generally known as Lowtran 6 computer code (Kneizys et
al. 1983}, calculate transmittance and radiance over the range from
250 nm to 28,500 nm, or in wave numbers (cmul) from 350 to
49,000 cm_l. The average steps are 2¢ cmﬁl. The code uses a
single-parameter band mecdel for molecular absorption and includes
the effects of continuum absorptiocn, molecular scattering and
aerosol extinction. Refraction and earth curvature are included in
the calculation for an atmospheric slant path, allowing calculation
for edge pixels etc. The code contains representative atmospheric
and aercsol models, as adopted for this study; there is also an
option for user-derived data to be incorporated.

For this study, the aim was to determine the total solar
illumination reaching the ground and then te calculate the effects
cn the reflected energy reaching the detectors in both the Geoscan
portable field spectroradiometer (pF$) and the airborne
multispectral scanner (MSS). Calculations of transmissions have
been plotted for a range of atmospheres from very moist (tropical)
to very dry (sub arctic¢), using rural atmosphere models and covering
the range of heights flown by the scanner. Nadir and edge pixel

calculations are also reported in Chapter Three {(3.2.5).
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1.3. THEE STUDY AREA
1.3.1 Yalanbee Experiment Statien

In December 1962 CSIRO purchased a largely uncleared, 1150 ha,
property near the small township of Bakers Hill. This preperty,
"Yalanbee”, 1s 72 km east of Perth, about 1 km south of Bakers Hill
on the Great Eastern Highway, Figure One and One {c} (location
map). The property was cleared, over the next 12 years, to enable a
diverse range of experiments including those on fertilizer
applications, crop and pasture production, agroforestry and
silviculture, domestic and native animal behaviour, production and
nutrition, farming systems, and, of importance to this study,
nydrologic studies relating to salinity and water supply. The
rainfall of 580 mm per annum, most of which falls in winter, affords
a growing seascn of 3.5-6 months.

When the property was purchased,the only evidence of salinity
was "a trickle of brackish water in the ¢reeklines during summer
months" (E. Bettenay, pers. comm.). By 1967, the author, with
others, reported and pegged small patches of failed pasture and
other evidence of saline encroachment adjoining the major creekline
entering the western bheoundary of the preperty. This creek, Xnown
locally as Crocodile Creek, has a catchment area of 710 ha above the
main saline scald evident tecday, and about 40% of this catchment 1is
cn the CSIRQ property.

After clearing in 1963, the valley through which Crocodile Creek
runs was one of the most productive parts of Yalanbee. Currently
more than 86 ha of this valley has been lost from production due to
salinity and a significant amount is directly under threat. The
data on the extent of salinity at Yalanbee hayenot yet been

published. From observations, salinity does not increase at a
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steady rate, but rather has a stepwise progression, with the greatest

increase following winters of heavy rain (E. Bettenay, pers. comm.).
The following are estimates, made by Bettenay, based on

interpretation of air photos for areas badly affected by salt (see

Table One, Available Photography).

Yalanbee Area saline (nha) % of catchment
19%6 Q 0
1967 trace trace
1968 5.5 2.8
1977 70 9.9
1983 80 11.3
1985 86 12.1

The reascn for the development of these extensive saline areas
lies in the solls and landform, and in the extent of dissection into
the deeply lateritic weathered profile. The higher parts of the
catchment are remnants of the old lateritic surface and comprise
deep sands, gravels and blocky lateritic duricrust which probably
provide intake zones for a partially confined water table.

The valley sides have mainly duplex soils in which a perched
aguifer develops at shallow depths in winter months. The valley
floor upstream from a granite barrier has complex duplex soils
overlying a siliceous hardpan which appears to act as an aquitard or
a partlially-confining layer above the very saline groundwater. Soil
prefiles store considerable guantities of soluble gsalts; in the
Yalanbee region it has been calculated that a salt storage in the
order of 1 million kilograms per hectare occurs {Dimmock et 1.

1974, p.&3}.
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YALANBEE EXPERIMENT STATICN — AERIAL PHOTOGRAPHY

B/W
B/W

Colour
Colour
B/W

Caolour
B/W

Colour
Colour
Colour
Celour
Colour
Colour
Caolour
Colour

Colour

5,000
7,000
6,000
7,000

+ Colour

+ Colour

+ Colour

+ Colour

+ Colour

IR
IR

IR
IR

IR

1:15,000
1:15,000
1: 4,000
1:10,000
1: 4,000
1:10,000
1:10,000
1:10,00¢
1:40,000
1:10,000
1: 5,000
1:10,000
1:30,000
1:30,000
1:1¢,000
1l: 5,000
1:16,000

+ 1:15,000

(approx.} 70 mm

+ 1:2,000 {approx) 7omm

T0mm

Multispectral Scanner Flights *(GEOSCAN MKI)

ft ASL *
ft ASL *
£t ASL *

£t 4,000 £t ASL *

AIS,TIMS,TMS, €-130 {(NASA-JPL-CSTIRO)

7,000
10,000
7,000
7,000
7,000
7,000
7,000

7,000

ft ASL *

ft 7,000 £t and 4,000 £t ASL *

ft ASL *
£t ASL *
£L ASL *

ft 4,000 £t ASL *

ft ASL *
£t ASL *

Photographic and digital image archive, covering
Yalanbee, used to trace the effect of salinity.
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Hydrologic studies indicate that groundwater pressures have
increased due to clearing of the deep-rooted perennial native
vegetation for the introduction of shallow-rooted annual crops and
pastures. This also affects infiltration rates in the recharge
areas which has affected beth partially-confined groundwater and
perched aguifers. These together have led to increased salinity,
and waterlogging, and the subsequent accumulation of evaporites.

The studies by CSIRO at Yalanbee indicated its suitability as a
study site representative of the higher rainfall regiocns of the
Western Australlian agricultural districts. It is typical of a large
tract of land wnich runs down the eastern margin of the Northern
Jarranh Forest Figure oOne (a). This land is important for several
major reasons. Significantly,'it is highly regarded agriculturally
for grazing and cropping, and commands premium land values. The
relief, good timber, reliable rainfall, reasonably fertile soils and
proximity to services make this land sought after.

In many cases this regiocn, of which Yalanbee is representative,
forms the headwaters for westward-flowing rivers which are either
currently used for urban and rural water supplies or are
‘ear-marked’ for this use in the future. A very high proportion of
the subcatchments, of similar order to Crocodile Creek, are
contributing high levels of salts to these systems. d<oncern as to
the impact of this has lead to clearing controls in some catchment
areas, e.g. Wellington Dam catchment including the Collie, Bingham
and Harris River systems. Deteriorating water quality is held, by
many, to be of greater importance than the loss of agricultural

production.
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The intensive study, reported here, on the Yalanbee Experiment
Station is part of a wider study invelving a diverse range of soils,
rainfall and management practice with national implications.
Yalanbee was chosen as the prime test area for development of
techniques because of the control which can be exercised over

stocking, cropping, etc.
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1.3.2 The sStudy Sites

The major salt affected area at the Yalanbee Experiment Station
is the Crocodile Creek area which, as previously mentioned, was
formerly productive land. Adjacent to this Segp are areas which
carry a range of vegetation having varying tolerance to salinity.
It 1s evident that expansion of the Crecodile Creek salt seep is
still continuing. This study attempts to determine spectral
characteristics which may indicate where the exXpansion will occur.

Eight sites were selected, representing a range of situations
occurring in the vicinity of the Yalanbee salt seep (see Appendix
Two!}. They were selected in the field initially on the basis of the
visual uniformity of their vegetation at peak growth in the spring.
Some refinement of their positions followed using electromagnetic
induction techniques and detailed vegetation and soil profile
descriptions. Their uniformity beyond the sites was also checked on
recent photography and imagery to minimise the border effects when
eXtracting the pixel values.

Salt tolerance in introduced annual pasture species varles. On
the basis of the anticipated spectral response of certain types of
vegetation, pure or uniform mixtures of specles were selected to
represent cover classes which would indicate the salinity status.
The sites were pegged within reascnably uniform areas, and were
approximately 21 metres square. This size was chosen fellowing the
decision to initially fly sites with the Geoscan Multispectral
Scanner at 7000.ft(2130 m) above ground level {AGL), which
produces approximately 7 metre sub-nadir spatial resolution; thus

the sites represent 9 pixels in a 3x3 configuration {Figure Four).
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Proximity to nearby features identifiable on MSS images was recorded

to enable precise location of pixels for extraction of the digital

values.

Figure Four. Study sites on Yalanbee with Data Extraction
Points Embedded. This is a subsection of a Geoscan
Multispectral Scanner Image from 18 FEB 1986 and is a
colour composite from bands 4(R) 3(G) 2(B) (see Figure
Two). Berry Brow Road (running N-S) appears across the top
of the image and the sites are numbered from the bottom as
1,2,4,3,5,6,8+7 (Figure Eight).
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CHAPTER TWO

METHODOLOGY AND INSTRUMENTATION

2.1 METHODOLOGY
2.1.1 Sstudy methods

The purpcse of this work was tc test the hypothesis that there
are wavebands in the visible to shortwave infrared (400-2500
nanometers) which, at a specified time of the year, will provide
better discrimination of land at risk from salinity encroachment
than these currently avallable on existing satellite or airborne
systems (refer to Section 1.2.3.). It was prcoposed te select and
Cest wavelengths, as discrete wavebands of specified width, for
selected fest areas where the nature and degree of salt encroachment
is well documented (refer to Section 1.3). Additiocnally, the sample
size, or minimum mean ground resolution, which can be practically
considered as representing an identifiable, manageable part of that
land will be determined (refer to Section 1.2.6}.

The major consideration in identifying salinity problems lay in
the cultural practices empleved in farm operations. Plant
succession in relation to increasing salinity is reasonably well
ordered and in many cases both the distinctive spectral and
phenological c¢haracteristics of the veolunteer plant communities are
sufficient to diagnose degradation due to salinity. However, for
more than 50% of a normal year, the ground surface of appreximately
40% c¢f the agricultural areas can be considered spectrally as bare
sell, thus removing the diagnostic value of plant succession. This
occurs as a result of the following:

i Crepping practices ie, ploughing and sowing in April/May;
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ii Thin patchy or slow winter growth;

iii TFallewing;

iv Hard qrazing of pest-harvested stubbles in stuccessive

cropping programs;

v Hard grazing of annual pastures; and

vi Mechanical harvesting of clover seed.

The study methodology was designed to address the problem of
cultural practices in salinity identificaticn and to collect
appropriate data to allow the analysis and determination of factors
which affect the ldentification of salinity. Sites were chosen at
Yalanbee Experiment Station to represent a range of saline
situations. These sites were accurately described in terms of their
static characteristics, i.e. soils, slope, etc., and then regularly
revisited to describe their dynamic characteristics such as
vegetation, soil moisture, salinity, electromagnetic conductance
{EM38) (refer to Sections 2.2.4 and 3.3.1). Concurrent with these
visits, soils were sampled for laboratory spectral analysis (Hitachi
spectrephotometer) (refer to Sections 2.2.1 and 3.2.3) field spectra
were recorded with a portable spectroradiometer {pFs) (refer to
Sections 2.2.2, 3.2.4}) and the Geoscan Airborne Multispectral
Scanner was flown over the sites. Samplings were timed to coincide
Wwith major seascnal phenology of the vegetatien.

Data were analysed to test the suitability of spectral wavebands
installed on existing alrcraft and satellite sensing systems, and
the prcbabllity that other wavelengths, at other times of the year,
and at different ground resolution, will provide improved
discriminaticn of land at risk from salinity encroachment. Lowtran
calculations were analysed {(refer to Secticns 1.2.7 and 3.2.6) to
determine the spectral regions where atmospheric windeows would

permit band location.
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2.1.2 Fileld methods.

Site descriptions in Apprendix Twe include the conditien of the
eight sites at selection, and seasonal data for each sampling.

The methods used to describe the characteristics of each site
conformed with the following standards of description and
measurement. Solls were hand augered down to the B horizon, usually
between 50-100 cm. The surface Al and A2 horizens were described
with sampling intervals each 10 cm at depth. The augered spoil
samples were field textured, and had pH and wet Munsell colours
recorded. Percent gravel and mottles were estimated, enabling
subdivision into principal profile forms, and each profile was
allocated a Northcote classification (Northcote 1960). Profile
moisture samples were sealed in plastic bags and welghed immediately
on return to the laboratory. These samples were then dried at
400C, reweighed and sieved through a 2 mm sieve Lo remove loose
organic matter and gravels. Laboratory spectra were measured on
these samples.

For salinity determinations, 20 grams was subsampled, mixed 1:5
with distilled water, shaken for a minimum of 1 hour and then, after
a minimum of 12 heurs to allow settling, the electrical
conductivities (EC) were measured. Johnston et al. (1982)
determined the relationship between electrical conductivity and

total concentration of scluble salts in Western Australian solils as:

TS5S = 4.796k — 4.83 for 2.9 < k < 152
€l = 1,938k -~ 0.59 for 0.4 < k < 5.73
Cl = 2.946k - 6.37 for 5.73 < k < 254

where k is the electrical conductivity (m$ m™ YY), TSs is the total

seluble szalts (mg/l"l), and €1 is chloride concentration
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(mg/l“l) of the extract. Electrical conductivities were measured
at a constant temperature of 25°C using a Radiometer-type CDM2
conductivity meter with a flow conductivity cell with a cell
constant of 0.50.

Organic matter was determined using Loss ©n Ignition {LoOI)
technique as described by Piper (1944 , p.59). This technique
involves firing the sample at 600°C and measuring the weight loss.

EM-38 Electromagnetic induction ground conductivity readings
were recorded after initial calibration and nulling to the
manufacturers specification. These readings were made, both
vertically and horizontally, in a standard pattern from the N.W.
corner peg at each sampling date. The reason for the inclusion of
EM 38 data is covered in Section 2.1.4.

Vegetation sampling was done at two levels. Firstly, the plant
distribution over the entire site was estimated and described.
Secendly, a more detailed description'on the basis of bulk biomass
was made of a pegged 1 metre quadrat in the centre of the site.

At each sampling, or as cloud-free weather permitted, field
spectra were measured with the Geoscan Portable Field
Spectroradiometer (PFS). The method of sampling was carried out
under the following conditions:-

1} Maximum sun elevation plus or minus two hours.

2) The PFS was oriented towards the sun‘s azimuth.

3) No visible cloud whatsoever was tolerated.

4) standard reflectance targets callbrated and stored before

each site. (Baso4 painted plate)

5) One metre above the ground, giving sample spot size of

200 sq cm (approximately) at nadir.
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6) Between fifteen and thirty samples uniformly distributed on a

regular grid across the site, the total number of spectra
recorded being dependent on available sunlight hours.

The spectra were down-loaded from the PFS onto a microcomputer
and stored on floppy disk in the field. These data were then
transferred to a minicomputer for plotting and statistical
analysis.

Sampling schedules were governed to some degree by the
avallability of the MSS scanner and appropriate flying weather. The
constraints placed on the airborne data acquisition related to
cloud-free conditions, sun elevation, sun azimuth and absence of
raln for, ideally, 7 days to enable dry scil conditions prior to
flights. Most missions were planned as near to midday as possible
(although this was less ¢ritical in mid-summer), always flown
directly into or away from the sun to ensure uniform "across-track™®
illumination, and, with the aid of a drift site, the ground sites
were positioned as close as possible to nadir from the alrcraft
track. These sites were then displayed on the image processing
system {(IPs) using an enhancement which gave good wisual
discrimination between sites. The site centres were located using
the zooming capabilities of the IPS and the pixel values and their
coordinates were extracted for statistical analysis.

The statistical technigque used was robust canonical variate
analysis (Campbell 19882). Briefly, this procedure produces linear
combinations of spectral bands which are uncorrelated within groups
and which maximize the ratic of between to within group

variability. Atypical pixels are also identified and dewnweighted.
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The aim of the procedure is to produce a lower dimensicnal
representation of the data which can be plotted to display real
group differences.

At each date the eight, 3%3 pixel, sites were augmented by
additional training sites ftc¢ improve the estimation of the within-
groups variation. These areas were selected on the basis of their
uniformity on the imagery and represented large areas of crop,
pasture, woodland plantations, etc. The between-groups varliability
was computed from the means of the 8 training sites only, as well as

for a contrast of the non-saline and the saline sites.
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2.2 INSTRUMENTATICN

This section describes briefly the principal instruments used in
this study. Additienal specifications are included as appendices.
The airborne scanner and the portable field spectrometer are both
prototype develcpment instruments, the Hitachi was modified for this

study and the EM 38 was used as directed by the manufacturer.

2.2.1 Hitachi spectrophotometer

Laboratory measurement of reflectance spectra, using the
‘comparison method’, were made in this study using an Hitachi model
340 UV-VIS-NIR Recording Spectrophotometer {(refer to Appendix 4 for
specification). This instrument is fitted with an integrating
sphere which integrates reflectance from the sample from all
directions, thus minimizing the wvariation due to particle size and
orientatien. A data-handling device couples the instrument to a
micro or minicomputer. For this study, modifications were
implemented to enable horizontal presentation of undisturbed soil
samples to the normally vertical aperture of the integrating
sphere. Initially a polished periscope was tried which presented an
image of the sample mounted horizontally to the aperture of the
sphere (Hick and Macham 1986). Losses of reflected energy were of
the order of 60-80% from samples which had mean reflectance of only
10-20% of the reference. This was considered unacceptable.

After consultation with the manufacturers the machine was "wall
mounted®”, thus enabling the presentation of samples to the now
herizontal aperture of the sphere. This was done and the machine
has since given reliable results. This reduces the risk of

contamination of the reflective halon coating of the sphere.
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2.2.2 Portable Field Spectroradiometer

The GEOSCAN Pty Ltd Portable Field Spectroradiometer (PFS)
(Honey and Daniels 1984) was designed for the measurement and
recording of reflectance spectra over the range 400 toc 2500 nm. The
instrument is a compact, medular system powered by rechargeable lead
acid batteries carried in a bhackpack. Recording a near continucus
spectrum involves pointing the instrument at a target and pressing a
trigger, or alternatively a predetermined number of spectra may be
averaged. Spectra of targets are displayed on a liguid crystal
display (LCD) incorporated into the instrument. Up to 240 spectra
may be stored in the bubble memory of the system for subsequent
dumping to mass storage. Data are stored internally as 8-bit data,
with 256 data points per file. Previously recorded spectra may be
displayed on the LCD for compariscn.

Scoftware to control the spectroradiometer, to display and print
the spectra, and to download the data to peripheral devices, was
provided with the instrument. The PFS is comprised of three
modules:

{i} The telescope module, which collects the reflected visible and
short-wave infrared (SWIR) energy, reflecting it through a small
aperture into {(ii) the scanning and detection medule, in which the
focused energy passes through the OCLI cirecular variable filter onte
a composite silicon/lead sulphide detector. After amplification,
the signals from the detector are then digitised in (iii) the
microprocessor centrol and storage module. During the reccrding
sequence, the spectra are displayed on the 160 x 128 LCD. These

spectra may be overwritten, or may be stored into the l1-megabit
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bubble memory. This form of memory allows the PFS to be turned off
for transport, battery charging etc. without loss of data.

The PFS 1s capable of measuring either absclute radiance, or
reflectance relative to a standard, such as barium sulphate.
Reflectance mode was nermally chosen to produce comparable results.
Reflectance mode is selected after recording a spectrum using the
Basof.1 plate; setting of the gains of both the visible and infrared
amplifiers is then automatic. All spectra measured are then of
reflectance, calculated relative to the spectrum recorded
immediately prior to selecting the reflectance mods.

To facilitate control over height and perpendicularity of PFrs
measurements a trolley, based on a "golf-buggy", was constructed.
Its design allowed adjustments to height and direction and also
carried the battery packs, thus enabling more efficient use of the

instrument.
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2.2.3 Geoscan Alrborne Multispectral Scanner

The airborne multispectral scanner, also developed and supplied
by Geoscan, is a modular, stabilized system capable of recording
data in narrow spectral channels over the range 400 to 12,508
nanometers. Data from the system are recorded onte a Winchester
disec, then backed up in computer-compatible form onto 1600 bpi
magnetic tapes. A real-time interactive c§lour display unit enables
rapld determination of image gquality during recording, and allows
important features te be identified. The basic maodules which
comprise the scanner are included in the appendices.

The scanner system was designed to fit in a small, twin engine
light aircraft which has a standard 18" (450 mm) hole for a
reconnaissance camera. AL present, the scanner is installed in an
unpressurised Beechcraft Queenair, owned by Kevron Aerial Surveys on
long term charter to Geoscan Pty Ltd.

Initially, the scanner was operatihg with 11 c¢hannels, with the

following bandpasseé:

Channel Bandpass {(nm)
1 450 - 500
2 550 - 600
3 6850 - 700
4 830 - 870
5 8930 - 970
Q 1980 ~ 2080
7 2160 - 2180
8 2205 - 2235
9 2300 — 2400

10 9800 -10200
11 11050 =-11459¢
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Channels in the thermal IR region, with wavelengths of 7,500 -
8,000 and 8,500 — 9,000 nm, were added later.

The data acquired with the scanner over the salinity test sites
has generally been of excellent quality, both from a radiometric and
geometric sense. Some early striping problems due to an unstable
voltage reference on the A/D converters, and nolse due to ground
loops in the amplifiers, have been corrected.

Two effects were noted to cause some degradation of the raw
scanner data. The most apparent of these effects is the variation
in atmospheric backscatter into the field of view of the scanner,
resulting in considerable variation in contrast and brightness
4cross a scene. Geoscan Pty Ltd has developed software which
compensates for variations due to "across—track"” illumination. The
salt sites were flown on sun azimuth dependent flight lines, i.e.
into or away from the sun, to minimise the asymmetry of illumination
changes.

Tne second degrading effect on the imagery was due ta
misregistration of the visible module and the thermal infrared
module. This resulted in a two-scanline offset, combined with a
ncn-linear variatien in the relative pixel positions along a scan
line. Geoscan has a correction and resampling algorithm which
reduces the pixel-te-pixel registration errors So less than 0.125

pixels {(Honey, pers. comm.)}.
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2.2.4 Geophysical Ground Electromagnetics

Although this is not a spectral remote sensing technique its
inclusion in the study does have relevance for site selection, and
to assess the possible relevance of Alrborne EM Systems currently
avallable.

Soil electromagnetic resistivity depends upon many factors
including soil moisture, texture and salinity. Generally a
correlation exists between measured soil resistivity and solil
salinity (De Jong et al. 1979 p. 810). Australian experience
supports this; for example, Williams (1983 p.2) stated that
approximately 70% of the (ECa) values can be explained in terms of
soluble salts. The remaining 30% relates to mineral, textural and
moisture content. The depth of scoil measured depends upon the
frequency of the transmitter, distance between the colls, their
orientation to the soil surface and, to a lesser extent, on the
actual conductivity of the soil.

The technique relies on an electrical current being applied to a
coill, or transmitter, then measured at another coll or receiver, and
the resistivity between them measured (McNelill J.D. 1980). When the
transmitter coil 1is energlsed, circular electrical currents are
induced in the soil which are directly proportional to the buylk
electrical conductivity (EC)} of that soil. Each of these current
loops generates a magnetic field which is proportional toe the
current flowing in the loop. Part of that magnetic field is
intercepted by the receiver and creates an output linearly related
to apparent soil electrical conductivity {ECa) or resistivity.

The EM-38 instrument, manufactured by Geonics Ltd, used for this
study, 1s a light-weight portable device approximately one metre

leng with internal coils at each end.
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CHAPTER THREE

3 RESULTS

3.1 SPATIAL RESCLUTION

3.1.1 The Yalanbee Example

Since 1960, 25 photographic and electreonic imagery missicns have
been acquired over Yalanbee (Table Onel); photogrametric scales have
ranged from 1:2,000 to 1:40,000. Invariably the ground rescliution
decision was made in an arbitrary fashion based on limitations of
finance, navigability and a minimal percepticon of which ground
features needed to be resolved. The availlability of powerful
magnifying steresoscopes coupled with excellent film and reproducticn
techniques indicates that extensive waste has probably occurred in
expensive low altitude air photo missions. Rarely have the air
photos of Yalanbee been interpreted to the limit ¢f the resolveable
features contained therein.

The value of stereo alr photographs to delineate salinity and
landforms which may be at risk is in no way underestimated in tnis
study. Aerial photographs are generally accepted to have maximum
spatial infeormation for remcte sensing, but many consider that,
technlcally, they cannot be taken any further. Aerial photographs
normally lack gecometric control, lack photosensitivity control, have
variable processing control and have limited spectral coverage into
the near infrared, and have no short-wave or thermal infrared
response.

Low-cost, monochromatic, small-scale air photographs are widely
available; their actual cost is absorbed in benefits already gained

from the mapping exercises for which they were commissioned. Larger
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scale colour or colour I.R. photography has larger assoclated costs
but is still very cost effective when compared with mapping
exercises based upon ground traverses and field sampling.

Figure Five 1s an aerial photograph centred on the Crocodile
Creek study area. It was taken using a WILD RC10 Camera with a
152 mm lens at & height of 1,530 metres AGL {1,830 m above sea level
- ASL} giving a nominal photogrametric scale of 1:10,000. The photo
was taxen near midday cn 12 December 1982 and was part of a run
designed to give 60% overlap providing a stereoscopic exaggeration.

Superimposed on this photograph is an example of the level of
salinity mapping usually extracted from scales of this order (Nulsen
1981, and pers. comm.), with an eoverlay demonstrating nominal pixel
resolution from a range of multispectral sensors {(see Appendices One
a & b). The largest square represents, at the phcoto scale, a 1.1 km
square which 1s the nominal sub-orbital g¢round resolutiocn for the
Advanced Very High Resolution Radiometer (AVHRR!) on board the NOAA
series of polar-orbiting metecrological satellites. wWithin this
square is a 12 X 16 pixel matrix simulating the nominal resolution
of the Landsat Multispectral Scanner ({MS$) (see Figure Six). The
half pixel offset 1s a function of earth rotation and the design of
the instrument which "sweeps" 6 lines each scan. Nominal examples
are alsoc given of the resolution of the Thematic Mapper on Landsats
4 and 5 (also see Figure Seven) and the multispectral scanner on the
French SPOT satellite (launched in Feb 1986). Grids representing 6
and 10 metre pixels as recorded for this study by the Geoscan
Airborne Multispectral Scanner are als¢ included.

Figure Elght is an aerial photograph taken with a window-

mounted, motor-driven, 70 mm Hasselblad camera fitted with an 80 mm
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lens (Hick and Tapley, 1281, p.6). The photoscale of this
enlargement is approximately 1:4000. An overlay includes the sample
sites and nominal grid indicating airborne multispectral scanner
pixels of about 7 metres. This overlay shows the distribution of
7 metre pixels over the sites and the problems of orientation of the
3X3 pixel samples.

An example of the loss of information as spatial rescluticn
changes is given in Figures Seven a,b,¢ & 4. These images were
prepared synthetically by aggregating pixels within the image
processor. They do however give an indication of the loss of
definition of such features as tracks and trees but the major
elements of the land affected by salinity remain.

The sample extracted from the Geoscan MSS data of 3x3 pixels
provides a limited indication of variability both across sites and
inherently within the data. Larger samples are extracted from
uniform areas of pasture, crop, bush, dam water, rock etc. and these
have been included in the statistical analysis both for variability
on a particular date of acquisition and between dates of
acquisition.

Degradation of pasture from the effects of rising saline
groundwater progresses in steps following winters of heavier than
normal rains {(Bettenay, pers. comm.), the effect becoming evident as
evaporation c¢encentrates the salts during the following summer.
These areas develop and expand on topographically controlled
"fronts" over the next 2-20 years. Annual increases may range from
¢-30 metres, but is most likely to be 10 metres per annum in early
years, again dependent on the seasonal conditions. Resoclution

becomes a trade-off with cost of acgquisition.
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Results, from this work, indicate that the study sites which are
approximately 20-30 metres square, reasonhably uniform, and
spectrally separable, are of the order of the area of the minimum
spatial resolution. The saline encroachment at Yalanbee around
which sites 1-5 are located, is currently 80 metres wide and the
pasture is degrading on a front approximately 20 metres ahead of the
scald (see Figure Four). The Thematic Mapper image, Figure Seven,
(top and bottom) with its 30 metre spatial resoclution, does show the
general outline of this advancing saline front as a green line only
1 pixel wide near the sites. This tends to indicate that image
pixels of the order of the area of the sites i.e. (20-30 m) provide
adequate discrimination, to determine the location and direction of
expansion of salinity to implement whatever hydroloegical or

agricultural remedial management is considered relevant.



Figure Five. Aerial photograph of the salt scald on Crocodile
Creek, Yalanbee, with overlays indicating a level of salinity
mapping based on air photo interpretation and varying spatial
resolutions. The outer square is the nominal 1.1 km resolution of
the NOAA-AVHRR, within that the 79 x 57 m Landsat MSS sample, the 30
metre Landsat Thematic Mapper, SPOT-IMAGE 20 metre HRV and two
examples of nominal airborne scanner pixels.
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Figure Six. Classified Image of Crocodile Creek, Yalanbee from
Landsat 2 Multispectral Scanner 24 Oct 1981 (120.082) - This image
is at an approximate scale of 1:40,000 - individual pixels are
evident and there are two classes mapped leaving an unclassified
"grey-scale" of MSS band 2. Red is saltland vegetation, yellow is
salt scale - the study area is the group of yellow pixels near the
centre. North is to the right hand side.
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Figure Seven. Colour Composites from Landsat Thematic Mapper for
Yalanbee (Perth 112-082 28.10.86). The top example is at a scale of
approx. 1:60,000 which covers an area of 25 sg km and represents a
"true-colour" ie uses the visible bands in composite. The lower
example is a subset of the top image and uses "False-Colour" ie
Infrared band is composited with a visible band to produce an image
highlighting the vegetation and salt areas. This image is at an
approximate scale of 1:20,000. North is to the right hand side.
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Figures 7A, B, C, D are enhanced images from the Geoscan Airborne
Multispectral Scanner using bands 2 (Blue), 2 (Green) and 4 (Red) to
show approximate pixel resolutions of 5,10,15 and 20 metre
resolution.
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3.2 SPECTRAL ANALYSIS
3.2.1 Spectral Analysis of Scils

Spectral analysis of soils has been the subject of extensive
studies in the United States since the ’‘mid-sixties’. The findings
of the groups at Stanford University led by Prof. R.J.P. Lyon, and
at Purdue University by Stoner and Baumgardner (R.J.P. Lyon pers.
comm.), similarly conclude that: "The capaclty to measure both
visible and infrared reflectance adds a new dimension to the
possible use of soil spectra to explain soil characteristics and to
predict soil response to different management conditions. Field and
laboratery soil spectral characterigzation helps define the extent to
which intrinsic spectral information is available from soils as a
consequence of their composition and field characteristics.*®

X-ray diffraction (XRD) studies indicate that the mineralogy of
the surface solls vary only slightly on the study sites at
Yalanbee. They all show an abundance of quartz with minor amounts
of kaolin and traces of anatase (CSIRO Unpub. data). The major
variation is in the organiec matter, both in quantity and type.

Organic matter, determined by Loss on Ignition (Lo}, appears in
Figure Nine. oOverall soil reflectance (albedo) generally decreases
as the organic matter content increases. The constituents, which
include humic and fulvic acids and non-specific compounds such as
decomposing plant residues, affect reflectance to differing
degrees. Krishman et al. (1980 p.1282) reported that reflectance
from the visible region is more clesely related to organic matter
content of soil than measurements from the infrared region.

As displayed in Figure Nine, most solls show considerable

uniformity and a general increase in reflectance from 400 to
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1,850 nm, with usually a decrease thereafter. This 1s in contrast
with the reflectance spectra of green vegetation as presented 1n
Section 3.2.2 (Figure Thirteen) where it has been possible to
subdivide the three different reflectance curves into classes of
shapes and magnitude. The properties which determine soil
reflectance are: mineral composition, texture {(particle size),
structure, organic matter and molsture content, Mineral
composition, organic matter and meisture are the main factors
governing spectral absorption of radiation (Bunnik 1981 p.47).
Texture and structure determine the degree of shading and facets of
reflection. Soil moisture 1s retained in the pores between the
particliles by a caplllary process and by the "hydre-attractive”
properties of the c¢rganic matter and "hygroscopic" characteristics
of salts. Increasing molsture content results in a decrease in
reflectance at all wavelengths. Maximum decrease occurs in the
water absorption regions near 1400 nm, 1900 nm, 2200 nm and beyond
2500 nm.

The importance of the effect of moisture on spectra, especlally
in the SWIR regions, cannot be underestimated {(Bowers and Hanks
{1965), p.132). These authors showed the effect of moisture on
spectra and this is supported in Figures Nine and Twelve. This is
the reason for the reguirement, that ideally no rain should precede
a scanner flight for 7 days, as stated in the methodoloegy {(Section
2.1.6).

Molisture asscoclated with vegetation shows the same
characteristic spectra as moist soil. The wvalue of the SWIR regicon
can then only be considered when bare scoil conditions prevail, or
dominate over dry or senescent vegetation which has been subjected

to uniform atmospheric conditions.
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Figure Nine. Bare soil laboratory spectra for the eight Yalanbee
sites. Sites 1,2 and 5 with ECs between 140-247 usS/cn represent the
non saline samples and 3,4,6,7 and 8 with ECs between 6,175-24,370
pS/cm are soil samples from saline sites. Organic matter {(oM)
determined by Loss On Igniticn (LOI) are included.
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{LOI) against surface Electrical Conductivity (EC) shows no

relationship between salinity and organic matter.

(r = —.1).
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22006 nm, and refer to the cellulose absorptions in Figure Thirteen.
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3.2.2 Spectral Analysis of Vegetation

Vegetation covers a significant proportion of the greund surface
of mest of the study sites. Figure thirteen shows examples of
vegetation spectra with the typical green peak {point B, centred at
550 nm) reflectance characteristics for phetosynthetically active
vegetation dominated by carotenocid pigment absorption (centered at
480 nm!} and chlorophyl! abscrptien (point A, centered at 680 nm).
The sharp rise in reflectance above 700 nm.(point C) marks the
change from chlerophyll absorptiocn to cellular reflectance (the red
edgel). This near-infrared reflectance from 700 nm to 1300 nm is
dominated by cell wall and airspace interfaces and, tec a lesser
extent, by the specific characteristics of those cells. It is often
referred to as the Reflected Infrared Plateau (point D}. A minor
water absorption occurs at 1200 am {point F) and then bevend
1300 nm, reflectance 1s primarily contrelled by leaf water content
with major absorpticns near 1400 nm and 1900 nm; these are all
marked on Figure Thirteen with point E.

During the vegetative cycle, reflectance decreases in the
visible regions and increases in the near-infrared wavelengths until
maximum canopy density is reached. Then, with senescence, a
reversal ocgurs. Figure thirteen also shows significant cellulose
peaks at 1923 nm, 2086 nm, 2145 nm, 2307 nm and 2338 nm with
corresponding absorptions between, as recorded by the IRIS
Spectrophotomecer (CSIRD Spectral Libraryl. These are evident both
on the dry grass and on the cellulose powder which was prepared to
highlight these features.

Field spectra reccorded with the Geoscan Portable Field
Spectroradiometer showed these characteristic absorptions and peaks
of reflectance, elther as a functlion of degradation of vegetation
due to salinity or through senescence of annual pastuire or crop

species (See Figures Sixteen and Seventeen}.
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Figure Thirteen. Spectra of Vegetation. These typical reflectance
spectral curves, for vegetation components, have clear spectral
responses for materials common on the study sites. Soil spectra, as
shown in Figure Twelve, will influence these spectra as vegetation
degrades.
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3.2.3 Laboratory Spectral Analysis

Figure Ten shows spectra, measured on the spectrophotometer, for
sodium and magnesium chlorides. Baseline data for preliminary
estimation of the absorptions which relate to salt are contained in
Figure Ten. The proportions of magnesium (Mg2+) to sodium (Na')
ions to chloride vary, but a generally accepted figure for the
samples from Yalanbee and other places in Western Australia {(Johnscn
et al. 1982, p.4) appears to be between 1:3 and 1:8 (see Table Twol.

Table Two

Chemical Analysis of Salts.

Sample type ci” wNa® k" Mg'T ca®’ opH Mg:Na
Surf, Water nr 1,2&3 36.2 27.1 0.5 9.4 3.2 T.17 2.9:1
" " nr 6,758 118.4 66.0 0.2 20.7 5.8 7.7 3.1:1
Grdwater nr site 4 280.1 206.4 0.8 45.3 15.0 3.5 4.5:1
Grdwater {(York) 254.1 256.9 1.3 35.4 1.5 8.8 7.3:1
Grdwater {(Dangin) 6.9 5.5 0.2 1.1 0.6 8.1 5.0:1

Laboratory-g;ade dry NacCl, MgClland Sio2 were used to prepare
mixtures for spectral comparisons. In the case of Mgc;r considering
the hygrosceplc nature of this material, the sample preparation time
was less than one minute, with 5 grams being presented to the
spectrophotometar, and the run time being 6 minutes starting from
the longer wavelength. This spectra shows "desep” water absorptions
when compared with NaCl. A 1:4 mixture of MgClland NacCl shows
similar, but not as "deep”, water absorptions. The mixture was then
added to pure silica contributing 5% of the total. This spectrum
closely resembles many of the saline field spectra {Figure Nine) in
the region between 1400 and 2400 nm.

The deliquescence of MgCl, is responsible for the characteristic

water absorptions even when present in small amounts. This may be
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further accounted for when the assumptions of Goldschmidt (1954,
p.590) are considered. BHe concludes that the dispersion of marine
salts throughout the atmosphere are not exclusively NaCl crystals,
as previously thought, but include very hygroscopic salts as
hydrated chlorides of magnesium. These nucleil, probably in many
cases, form an extremely hygroscopic solid or deliquescent surface
layer upen the NaCl crystals. It is reasonable to assume that this
atmospheric state would translate well to the top few millimetres of
the se0il surface ag measured spectrally; the simllarity of spectra
from fleld sites is due in part to the moisture contained in these
coatings of Mgclz.

The examples taken from the eight Yalanbee sites (Figure Nine)
clearly show this pattern. The samples in each case are a mixed
bulk sample combined from the top one centimetre of four profiles.
The samples were analysed on the spectrophotometer in oven-dried
(105°C), air dried (at 40°c) and moist condition. The bottom
spectra in each case from Figure Nine represents *moist”, the centre
spectra the oven-dry and the top spectra the alr-dry. The pattern
in the air-dry and oven-dry spectra is falrly predictable untii the
water absorption region at 1300 nm, at which point anomalies occur.
The low salinity stites, €.g. 1, 2 and 5, show a decrease between
2000 nm and 2150 nm in both alr-dry and oven-dry samples. The more
saline sites show a different trend, with an increase in reflectance
of the alr-dry sample over the same region. The oven-dry
measurement reverses thls trend. This appears to be independent of

organic matter (Figure Eleven).
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The explanation offered for this is that moisture locked into
the salts of the high salinity samples is extending the slope from
the 1900 nm water absorption region out towards 2200 nm. This
moisture, which would remain in all seasonal conditions, is then
removed by oven-drying at 105°C. Such scill temperatures would not
occur in the field, and thus the effect would persist.

The explanation feor the generally higher overall reflectance for
the air-dry over the oven-dry is more difficult. If the Loss On
Ignition (LOIJ) organic carbon figures are compared, the difference
in reflectance is generally much less, especially between 1,400 nm
and 1,900 nm, for the sites with lower organic matter.

Figure Eleven is a plot of LOI against log EC (1:5); aver the eiéht
sample sites, and shows a poor relationship between salinity and

erganic matter {(r = -.1).
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3.2.4 Portable Field Spectroradiometer (PFS) Analysis

The use of the PFS, coinciding where possible with overflights
with the airborne scanner, enabled detailed spectral comparisons,
under solar-illuminated conditions, of soil and vegetation
components. PFS data were recorded on the following dates:-

16 May 1985
7 OQctober 1985
15 October 1985
30 October 1985
6 December 1985
25 February 1986
26 March 1986
29 April 1986
1 September 1886
21 November 1986
30 January 1987
26 March 1987

During 1986 an intermittent, but increasingly frequent,
instrument malfunction rendered some sampling dates unreliable for
analysis. It took some time to determine that there was a fault and
then to rectify the problem, delaying important samplings in the
spring-flush. This was an unavoidabile ¢ilrcumstance, inherent when
evaluating prototype instruments.

Figures Fourteen and Pifteen are examples (non-saline and
saline) of the plotted raw output from the PFS. It shows the
spectral reflectance between 400-2500 nm (.2-2.5um), including
filter changes as described in the specifications of the
clrcular-variable filter wheel (Appendix Five). These spectral
Plots are the individuyal spectra of replicate samplings of saline
and non-saline sites and include the wavelength overlap near 700 nm

{A) and the gap between 1200 and 130¢ nm {B}). The spikes associated

Wwith the water
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Figures Fourteen and Fifteen. Raw PFS data from site 1 {non-saline)
top, and 3 (saline) bottom, in February 1987. These are examples of
the actual display output produced in the field, and shows the
variability of aproximately 30 spectra on each site. The horizoental
scale represents the fully non=linear range of the instrument and
the vertical scale is reflectance 4s a proportion of a Baso

plate. A,B,C,+D are regions to be omitted Ffrom analysis. !
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absorption regions {C + D) are an instrumental artefact and have
been masked from Figures Sixteen & Seventeen and also from the
statisti;al analysis.

Figures Sixteen and Seventeen are of the mean spectra with a
boundary on either side representing a confidence level of 95%
around the mean(;;g; + 2 std error). These masked spectra now have
four discrete regions, and for the purpose of discussion here can bhe
considered as the "visible", " the vegetative infrared”, "1600 nm
shortwave infrared (SWIR) Window" and the "2200 nm SWIR Window".
Appendix Seven includes further éxamples of these spectra. These
appendix figures have heen photo-reduced and all dates for each site
plotted together to enable visual comparison of seasonal trends as a
function of wavelength.

The MKII Geoscan Scanner currently [1887) under construction
will have wavebands as narrow as 15 nm in the visible and near
infrared and 20 nm in the SWIR. The practical minimum bandwidth is
determined by detector technology and optical constraints. The PFS3
samples 256, equally-spaced points on each rotation of the filter
wheel which represents slightly over-or under-lapping parts of the
spectrum between 400-2400 nm. Each segment of the wheel represents
samples which range between 5 and 10 nm (see Appendix Five). The
fine spectral structure, nhecessary to provide diagnostic information
(see Figure Thirteen), can be accommodated with bandwidths of 30 nm
and this figure was chosen to reduce the encrmous dimensionality of
the spectral data before analysis. Further data reduction was
achieved with the emission, or masking, of instrumental artefacts
and water absorption regions. This left 4& channels, each 30 nm
wide, to be statistically analysed (see Table Three). These are

referred to as "PFS bands".
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Table Three. The Portable Field Spectroradiometer samples 250
channels. These have been subdivided into 4& bands, 30 nm wide, "PFs
bands". They cover the regions which are free from instrumental
problems or absorption features and were the basis of the
statistical analysis.
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Figures Sixteen and Seventeen. Masked mean PFS data, and
constructed "PFS bands", for October and December for sites 1

(non-saline) and 3 (saline). Note "green" (PFS band 4) peak and

large difference between saline and non saline in the reflected
infrared (PFS bands 10-20} in early October compared with small

visible-near IR differences by December, and the inversely
correlated bands in the SWIR region (PFS bands 22 and 3¢).
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Using Figures Sixteen & Seventeen and Table Three as examples
and with reference to Figure Thirteen, each of the regions was
considered in the analysis of the PFS data as follows:

The "visible" (PFS bands 1-8, 400-660 nm) in "Early October” has
a4 maxima relating to green and minima at blue and red. Following
this region over all dates shows an increase in red as the
vegetation "hays-off" over the sUWmmer which corresponds well with
the visual appearance of the sites. The change being from vigorous
lush green plant material in October, haying-off and exposing more
underlying soil as the season progresses.

The second region of interest in the spectra show this phenology
trend even more significantly. This region, "the vegetative
infrared™, or reflected infrared plateau, (EFS bands %9-20,

700-1086 nm) includes two absorptions which relate ta moisture, and
one which relates to chlorophyll, but the overall maxima, or plateau
(Figure Thirteen) can be considered in three parts. The first is
the start point of the region (PFS band 9, 700-730 nm) which is in a
chlorophyll absorption reglon but still reflects a significant
amount of visible red {red-edge). The other two parts are the
maxima on either side of the central water absorption minima (PFs
band 16, 930-960 nm). These relate to reflectance from chlorophyll
on the left (PFS bands 20-15, 730-920 nm), and cellulose on the
right (PFS bands 17-20, 960-1186 nm). The responses of these three
parts of this region over time provides a descriptive analysis of
the sites. Again, using Figures Sixteen & seventeenh as examples,
the increase in visible red and cellulose and the relative decrease
in chlorophyll also relates well to haying-off after the

spring-£flush, a feature not present on the saline sites.
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3.2.4 Portable Field sSpectroradiometer (PFs) Analysis

The use of the PFS, coinciding where possible with overflights
with the airborne scanner, enabled detailed spectral comparisons,
under solar-illuminated conditions, of soil and vegetation
components. PF$ data were recorded on the following dates:-—

16 May 1985
7 October 1985
15 October 1985
30 October 1985
6 December 1585
25 February 1986
26 March 1986
29 April 1986
1 september 1986
21 November 1986
30 January 1987
26 March 1987

During 1986 an intermittent, but increasingly frequent,
instrument malfunction rendered some sampling dates unreliable for
analysis. It took some time to determine that there was a fault and
then to rectify the problem, delaying important samplings in the
spring-flush. This was an unavoidable circumstance, inherent when
evaluating prototype instruments.

Figures Fourteen and Fifteen are examples {non-saline and
saline) of the plotted raw output from the PFS. It shows the
spectral reflectance between 400-2500 nm {.4-2.5um)}, including
filter changes as described in the specifications of the
circular-variable filter wheel (Appendix Five). These spectral
plots are the individual spectra of replicate samplings of saline
and non-saline sites and include the wavelength overlap near 700 nm

(A) and the gap between 1200 and 130¢ nm {(B). The spikes associated

with the water
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Figures Fourteen and Fifteen. Raw PFS data from site 1 (non-saline)
top, and 3 (saline) bottom, in February 1987. These are examples of
the actual display output produced in the field, and shows the
variability of aproximately 30 spectra on each site. The horizontal
scale represents the fully non=linear range of the instrument and
the vertical scale is reflectance as a proportion of a Baso

plate. A,B,C,+D are regions to be omitted from analysis.
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absorption regions (C + D) are an instrumental artefact and have
been masked from Figures Sixteen & Seventeen and also from the
statistiéal analysis.

Figures Sixteen and sSeventeen are of the mean spectra with a
boundary on either side representing a confidence level of 5%
around the mean(i.e. =+ 2 std error). These masked spectra now have
four discrete regions, and for the Purpose of discussion here can be
considered as the "visible", " the vegetative infrared™”, "1600 nm
shortwave infrared (SWIR) Window® and the "2200 am SWIR Window",
Appendix Seven includes further examples of these spectra. These
appendix figures have been photo-reduced and all dates for each site
plotted together to enable visual comparison of seasonal trends as a
function of wavelength.

The MKII Geoscan Scanner currently (1987] under construction
will have wavebands as narrow as 15 nm in the visible and near
infrared and 30 nm in the SWIR. The practical minimum bandwidth is
determined by detector technoleogy and optical constraints. The PFS
samples 256, equally-spaced points on each rotation of the filter
wheel which represents slightly over-or under-lapping parts of the
Spectrum between 460-2400 nm. Fach segment of the wheel represents
samples which range between 5 and 10 nm (see Appendix Five). The
fine spectral structure, necessary to provide diagnostic information
(see Figure Thirteen), can be accommodated with bandwidths of 3¢ nm
and this figure was chosen to reduce the enormous dimensionality of
the spectral data before analysis. Further data reduction was
achieved with the cmission, or masking, of instrumental artefacts
and water absorption regions. This left 46 channels, each 30 nm
wide, to be statistically analysed (see Table Three). These are

referred to as "PFS bands",.
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Table Three. The Portable Field Spectroradiometer samples 250
channels. These have been subdivided into 46 bands, 30 nm wide, "PFrs
bands". They cover the regions which are free from instrumental
problems or absecrption features and were the basis of the
statistical analysis.
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rigures Sixteen and Seventeen. Masked mean PFS data, and

constructed "PFS bands", for Qctober and December for sites 1
Note "green® (PFS$ band 4) peak and
large difference between saline and non saline in the reflected
infrared (PFS bands 10-20) in early October compared with smail

(non-saline) and 3 (saline).

visible-near IR differences by December, and the inversely
ctorrelated bands in the SWIR region (PFS bands 32 and 36).
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Using Figures Sixteen & Seventeen and Table Three as examples
and with reference to Figure Thirteen, each of the regions was
considered in the analysis of the PFS data as follows:

The "visible" (PFS bands 1-8, 400-660 nm) in "Early October” has
& maxima relating to green and minima at blue and red. Following
this region over all dates shows an increase in red as the
vegetation "hays-off" over the summer which corresponds well with
the visual appearance of the sites. The change being from vigorous
lush green plant material in October, nhaying-off and exposing more
underlying soil as the season progresses.

The second region of interest in the spectra show this phenology
trend even more significantly. This region, "the vegetative
infrared", or reflected infrared plateau, (PFS bands 9-20,

700-1086 nm} includes two absorptions which relate to moisture, and
one which relates to chlorophyll, but the overall maxima, or plateau
(Figure Thirteen) can be considered in three parts. The first is
the start peint of the region (PFS band 9, 700-730 nm) which is in a
cthlorophyll absorption region but still reflects a significant
amount of visible red (red-edge). The other two parts are the
maxima on either side of the central water absorption minima (PFS
band 16, 930-560 nm). These relate to reflectance from chlorophyll
on the left (PFS bands 10-15, 730-920 nm), and cellulose on the
right (PFS bands 17-20, 960-1186 nm). The responses of these three
parts of this region over time provides a descriptive analysis of
the sites. Again, using Figures Sixteen & Seventeen as examples,
the increase in visible red and cellulose and the relative decrease
in chlorophyll also relates well ta haying-off after the

spring-flush, a feature not present on the saline sites.
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The third region, the 1600 nm SWIR window (PFS bands 21-31,
1500-1800 nml), has changes in its overall reflectance but its
relative shape does not appear to change significantly between dates
or between sites.

The fourth region, "the short-wave infrared" {(PFS bands 32-4s¢,
1970-2390 nm) alsc has an increase in overall brightness between
saline and nen-saline, but of much more significance is the relative
change of shape. Again using Figures Sixteen & Seventeen as an
example, this region has a roughly central maxima (PFS band 41,
2220~2250 nm) with minima tapering down on either side. The changes
to these minima can be explained by moisture content and cellulose
(Figures Twelve and thirteen). Compariscn of the sgectral trends
between dates for Figures Sixteen & Seventeen indicates the
significance of this region for salinity studies.

The seasonal differences described in the site details for each
date reflect well in the PFS data. The major differences in the
late spring relate to vegetation vigour and greenness (i.e. PFs
bands 12-2¢, 800~1180 nm), although the influence of the
"haying-off" region increases in importance (PF$ kands 36-41,
2080-2250 nm) by November. The PFS Band 32 {(1970-2000 nm), which
adjoins the 1900 nm water absorption, contributes throughout most
dates. 1Its prominence in site separaticn is enforced in the summer
and autumn.

Table Four compares all dates for the 8 Yalanbee sites and shows
the best band combinations to discriminate between saline and
non-saline sites. The canonical root, [bracketedl, gives an
indication of the degree of separation between sites. The
statistical technique used produces linear combinations of the 46
bands which are uncorrelated within groups, and which maximise the

ratio of the between te within group variability (Campbell 1982).



EARLY OCT f1s5.24) 20 2 32 s 33 9 12

16 17 15 16 a1 19 40 27 30

21 s 13 3
LATE OCT [7.311 17 20 18 43 10 q 41
37 ZA 15 16 124 13 12 42 27

29 28 31 19
NOVEMHBER [11.05]! 2 5 10 14 17 18 19
20 23 21 28 29 31 32 38 37

i9 a0 14 26
DECEMBER {21.09] 9 43 32 Js 11 31 2t
’ 22 34 10 42 12 13 19 23 18

17 19 20 16
FEBRUARY [(28.11] 10 43 32 21 4 a7 23
11 26 17 13 18 20 28 24 36

42 27 16 7
MARCH [38.7¢] 13 11 32 44 12 23 36
33 22 20 39 15 29 26 31 34

15 43 15 19
*APRIL (4) {s4.37) 132 as 21 20 17 13 34
18 16 15 19 9 1 28 27 26

30 45 40 42
APRIL (8) (37.811 a 32 21 23 25 27 26 44
39 42 45 24 23 Je 17 16 19

20 15 18 5
**APRIL [55.121 b 132 21 Y 7 45 11 16
17 15 19 20 a5 s p) 39 17

14 14 8 a0
* JUNE {15.12] 13 10 32 35 12 2 9
20 6 a0 23 15 34 13 36 25

5 25 18 15

Table Four. Best 20 subsets of prg bands, ranked on the best

band, followed by the next best excluding the

former, and so on.
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There has been some down weighting of atypical variables. Due to
computing limitations, a forward stepwise variable selection
procedure was used to reduce the variables to the best subset of
20. This technique does not guarantee that the absolute "best" 20
variables are chosen but fixes the best variable followed by the
next "best” twe variables and so on to the "best” 20. From this
reduced "best-subset"”, the procedure produces a linear combinaticn
0f bands which is uncorrelated within-groups. A trade-off 1s then
calculated invelving the number of bands against the usefulness of
that set ¢f bands. This technique uses the Akalke Information
Criteria (AIC) {(Fujikoshi ¥. 1985). These bands are then grouped to
maximise the ratic of between-to-within group variability, and the
analysis of this subset is subsequently presented in Table Five.

The high value for the canonical root in *April [(64.327)1 in
Table Four relates to the limited number of sites, only twe saline
and two non-saline sites. Data for April is alsc in two parts, (a &
b}, which represent different contrasts. In (al), a one dimensional
ceontrast, some slites were well separated but site 5, a nen-saline
site, was included with the saline sites. In (b), a second one-
dimensional contrast enabled strong separaticn of the errant site.
The explanation was provided by reference t¢ the field data. Site
5, the capeweed site, by its nature has little vegetative debris and
by April the soil surface is exposed, similar to many saline sites.
The second analysis showed that the separation does come from PFS
band 32, further supporting the value of this short-wave infrared
region.

The June analyslis includes test sites other than Yalankee and,
although not ideal, is included to cover the shortfall of data due

Tto instrument failure.
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Table Five is a summary of the bands selected using the Akaike
Information Criterion {(AIC) to determine the minimum numker of bands
Lo achieve the maximum separation between sites. The minimum number
varies between dates, with some cases as few as three bands
providing the separaticn (i.e. November), and other dates when up to
twelve bands are required to enable a similar degree of separation
{i.e. April). The combination of bands with the minimum AIC is
identified in Table Five, and graphically represented in Figure
Eighteen. The ceontribution of each band to the coefficient is
markKed positively or negatively indicating the relaticnship of near
or contiguous bands to one another. This shows whether such bands
are correlated, or not, and whether they should ke used as ratiocs or
could be added tcegether to provide broader bands. For example,
useful bands displayed in Figure Eighteen for November are 15,16 and
17, but band 16 would be conly of use if ratioed with 15 or 17.
Cenversely, 1in December, bands 16,17 and .18 could he combined as a
single broad band. Band 32 would nermally be used in a ratio with
band 36 which is highlighted in Figure Seventeen for the PFS data
and supports the laboratory data in Figure Nine.

The AIC calculation 1s based on the log of the band and the log
power cof each band is summarised as a standardised vector (Table
Six) and graphically represented with the AIC selected band

combination (Table Five) in Figure Eighteen.
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Figure Eighteen. Graphical representation of best combination of bands
with Standardised vectors for some of the dates. - This figure shows which
bands, used either as combinations or as ratios depending on positive or
negative vectors, best separated the sites on each date {also see Table
Fivel. The vector illustrates the relative contribution of that band.
These are fully deocumented in Table Six.
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MONTH/ MIN PFS BANDS
SEASON ARIC(=)
EARLY QCT 6-11 *(9) +2 -10 +18 ~20 +27 —-28 -29 +31 -32
{9) 2 10 19 20 23 27 28 20 131
{19) 2 5 10 19 20 23 27 28 29 31
(11) 2 5 10 19 20 23 27 2B 29 31 32
LATE OCT. 5-6 {*5) -3 +10 +20 +41 -42
(6) 9 10 17 20 41 42
{(5) ] 10 20 41 43
{5) g 10 17 20 43
NOVEMBER 3-6 (3) 20 32 35
{4) 9 12 32 35
(5) ' 15 16 17 32 36
*x(g) -9 +15 -16 +17 +32 ~36
DECEMBER 8-10 *(8) -9 +16 +17 +18 —~19 +20 -32 +36
(9) 9 16 17 18 19 20 32 36 42
{(10) 9 11 16 17 18 19 20 32 36 42
FEBRUARY 7-39 *{3) +4 =18 +19 +21 +26 =31 -32 -3%6
{8) 4 18 19 21 26 31 32 37
{8) 4 18 19 29 24 31 32 37
{8) 4 18 19 20 21 24 31 37
MARCH 3-6 - (3) 12 32 36
{g) 12 28 33 38
*(5) -22 +26 +32 +33 -36
(g} 20 22 26 32 33 36
APRIL (1} 5-7 *(5) +16 -17 +19 -20 +32
{a) 16 17 19 20 39 42
() 15 16 17 19 20 32
{7) 15 16 17 19 20 21 32
APRIL {2)10-12 *(12) -9  +15 —16 +17 —-18 +19 —-20 +31 -33 +34 —40 +42
(11} g 15 16 17 18 19 20 33 34 40 42
(12) ) 15 16 17 18 18 20 3¢ 33 34 40 42
{10) 15 16 17 18 1% 20 33 34 a0 42
JUNE 6—17 *x(g) +2 -2 -10 +12 +20 +32
{7) 2 6 9 10 12 20 32
{7) 2 9 10 12 13 20 32
{7) 2 9 1¢ 12 18 20 3z

Table Five. Minimum band subsets from the "Best-20" analysis. The *
indicates the minimum AIC score used to prepare Figure Eighteen. The + ar—
indicates the positive or negative relationship of bands to one another.
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Month/ Min Standardised Vector

S5¢ason AIC

¢ctober(E) (9) +.64 -.78 +5.88 -4.96 +6.54 —~1.63
-9.54 +5.52 ~.87

October(L) (5) -1.07 +1.38 +.B1 +2.05 -2.35

November {g) -.69 5.91 -11.92 +6.73 +2.59 -2.26

December (8} —.B1 +41.55 +4.62 +6.42 —-5.58 +2.52
~-.85 +1.25

February (8) +1.68 -9.07 +7.81 +2.34 +5.11 ~5.88
-.84 =2.72

March (5} -1.2 +1.83 +1.62 +1.83 -3.53

April [1] (5) +10.0 ~-19.24 +15.87 =7.12  +.74

April [2] (12) -.34 +5.03 -11.76 +15.51 —-13.28 +6.88
-2.22 +.54 -3.49 +3.34 -2.56 +1.987

June (&) +.72 -1.2 —-.83 +.55 +.87 +.47

Table Six. Standardised vectors of minimum AIC number of bhands.

Examples of these are graphically produced in Figure
Eighteen, which alsc shows the location of these PFS bands.
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j.2.5 ATRCRAFT SCANNER DATA

As mentioned in the methodology section, eleven sets of data
were analysed from Yalanbee Experiment station. These data sets
were collected from Geoscan airborne scanning missions over the
elght sites between December 1984 and March 1987. The sites were
displayed on an image processing svstem (IPS) using an enhancement
which gave good visual discrimination between sites (see Figure
Four). The site centres were located using the zooming capabilities
of the IPS, and the pixel values for a 1IX3 area and their
coordinates were extracted for statistical analysis using robust
canonical variate analysis {Campbell 1982). This procedure, as
used to analyse the "best 20" subset of PFS data, produces linear
combinations of spectral bands which are uncorrelated within groups
and which maximize the ratio of between to within group
varlability. Atypical pixels are also ldentified and downweighted.
The aim of the procedure 1s to produce a lower dimensional
representation of the data which can be plotted to rewveal group
differences.

At each date the eight 3x3 pixel sites were suppliemented by
additional training sites of cover types and land surfaces
surrounding the study sites to improve the estimation of the
within-groups variation. fThe between-groups variability was
computed from the means of the eight training sites only and aiso
for a contrast of the non-saline sites 1,2,5 and the saline sites
3,4,6.

Table Seven gives the canonical root {ratio of

between-to-withingroup variability) for the contrast between the
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saline and non-saline sites. 1In this table the higher the canonical
root the greater the separability between saline and non-saline
sites on that date.

Since the within-group variability is estimated using different
additional training sites at different dates, the canonical root may
show some variability due to these different training sites.

However, the general conclusions drawn from the table are

unaffected.
1984 1985 1986 1287
JAN N/A* 9.624
FEEB 2.665
MAR 3.190 4.192 14.06
JUN - 2.918%
AUG 17.08
SEP 19.14
Nov 15.09 1.972
DEC 5.16

Table Seven. Canonical roots for the saline versus non-saline
contrast for each data using Geoscan bands 1 to §. *
Limited no. of variables.

Table Seven shows that the best discrimination in the Yalanbee
sites occurs in August/September {heignhts canonical roots of 17.08
and 19.141. This is also supported by plots of the canonical
variates for the eight group dnalysis and the saline/ nonsaline
contrast. This supports previous assumptions that the
"spring-fiush” (refer to Section 1.2.3) enables separatioen between
sites given that there is little or no growth on the saline sites at
this time. Good separation between sites persists into March 1987,
but February and November 1986 stand out as not showing these
differences. Heavy cyclonic rain resulted in early germination in
February 1984.

These canonical roots in Table Seven are based on using Geoscan
bands 1 to 9 {Figure Two) for each date. All possible subsets

Calculations were made at each date to determine the best single
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band, followed by the best two bands in combination, ete., up to the

best five bands for discriminating between saline and non-saline

sites. Table Eight includes these results.
1984 1985 1986 1987
{(3}(2,8)(2,2,4)
JAN (2,3,4,8){(2,3,4,7,8)
MCR 9,283
(33{3,5)(3,6,8}
FEB (3,4,6,8)(2,3,4,6,8)
MCR 2.634
(3}(1,3¥{1,3,9) (a}(3,4)(3,4,8) {(3¥{z,6)(3,6,8)
MAR {1,3,8,9)(1,2,5,8,9} (3,4,8,9)(1,3,4,8,9) (2,2,6,8)(2,3,5,6,8)
MCR 2.858 MCR  3.899 MCR  13.504
(43{a,5)(3,4,5}
JUN (1,3,4,5)(1,2,3,4,5)
MCR 2.918%
(a}(4,8)(4,8,T)
AUG {a,5,6,7)(4,5,6,7,8) MCR 16.721
(4){(3,4)(3,4,6)
SEP (3,4,5,6)(1,3,4,6,9)
MCR 18.224
{(8)(3,9)(3,7,9) {4)(1,4)¢4,7,8)
NOV (3,4,7,9){1,3,4,7,9) (4,6,7,8){1,4,6,7,8)

DEC

MCR 14.440

(6){1,6){4,6,9)
(4,5,6,9)(4,5,6,7,9}
MCR 5.131

MCR 1.942

* ONLY 5 VARIABLES

Table Eight,

Best subsets of band combinations when 1,2,3,4 or 5

bands are used for diserimination between saline and

non saline sites.

The maximum canonical root (MCR)

for subsets of size 5 is also given.
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Before conclusions can be drawn from these data, it is important
to not only consider which band, or combination of bands, is gilving
the available separation, but also the magnitude of the separation
as measured by the maximum canonical root (MCR).

As mentioned earlier, and displayed in Figure Nineteen, the
maximum separability appears to occur in August-September. In each
case the best single band was band four (Table Eight}, a reflected
infrared band between 830-870 nm. In September, the visible-red
band (Geoscan band three, between 650-770 nm) with Geoscan band
four gave the best two-band combination and this 1s further improved
by the near infrared Geoscan band six, between 1980~2080 nm. In
August, the best three Geoscan bands included the highly correlated
short wave infrared Geoscan bands six {1980-2080 nm), seven
(2160-2190 nm) and eight (2205-2234 nm) as they all figured
prominently. The explanation probably lies in the wvigorous
vegetation on the non-saline sites and the very strong water
absorption effect on the saling sites. At the sampling time there
was free water seeping from the surface of sites three, four and
from part of six.

By November, the importance of Geoscan band four remains but is
diminished, especially in 1985 which was a dryer finishing year than
1986. Also in November, the importance of the infrared Geoscan
bands seven, eight and nine, and band six by December, has lncreased
significantly. This is probably a result of "haying-off" of the
vegetation on the non-saline sites, persistent thin green halophytic
vegetatlion on the saline sites which still display some bare but now
dryer soll. bDry vegetation has specific cellulose absorption
characteristics {refer Figure Thirteen).

In January 1987, heavy pasture residue persisted on non-saline

sites leaving a highly reflective surface when compared with the
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nen-saline areas, and this would explain the high contributien
toward the separation from Geoscan band three, the visible red,
followed by visible yellow-green and reflected infrared from bands
two and four. This persisted into February, although the inclusion
of bands six and eight could be attributed teo the increasing
appearance of bare saline soil. Continued grazing of the sites,
especially 1n 1987 continued that trend until the break of seasaon.

Figure Nineteen graphs the effectiveness of three—band
combinations for discrimination between sites. It is compiled from
all Gecscan imaging dates and orders the significance of the
three-band combinations on the basis of the maximum canonical root
(MCR) as chosen in Table Eight. The relative effectiveness of other
three-band combinations is almost as significant as the highest
scoring combination.

The significance of Figure Nineteen therefore lies not in the
best band-combination on a specified date, but more importantly the
trend indicated by those dates with an MCR above or below a figure

of about five on the canonical root axis.
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3.2.6 Lowtran Plots

Initial laboratery analysis of spectra, as discussed in Section
3.2.1, and supported by analysis of the PFS data, lndicated that
discrimination of the saline sites could come from spectral bands
near the major water absorption regions, especially beyond 1800
nancmeters {Section 2.2.4).

To obtain a gquantitative analysis of the atmospheric absorption,
the Lowtran 6 computer code was used (see Sectiocn 1.2.7}. This
program was linstalled on a microcomputer and was run using the

following range of atmospheres and configurations.

1. Tropical {moist)
2. Mid latitude summer

3. Mid latitude winter

4. Sub arctic summer

5. Sub arctic winter (dry)
6. Low altitude (1220 m)

7. Medium altitude (2220 m)

8. High altitude (3050 m)

g. High altitude off nadir (450}

Figure Twenty represents two hypothetical 30 nm bands centred at
1985 nm and 2100 nm for a range of atmospheres. The selection was
based on a minimum transmittance of 60%. Calculations for off-nadir
and different altitudes were made using the mid-latitude summer
model with low aerosel contamination, based on a "rural® atmosphere
between 100-300 km from the coast {refer Tahle Ten). Consideration
was made of the conditions under which satellite imagery or airborne

scanner acquisitions are generally made.
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In the Agricultural belt of W.A., cleoud free conditions mostly
occur when dry easterly {(continental) winds prevail. Most scanner
flights were flown when winds were from the SE, E or NE.

The use of the mid-latitude summer model atmosphere may have
been conservative, and the summer Geoscan imagery may have been
acguired with dryer atmospheres than used in the calculations.
Unfortunately no meteorological data, which could have been
incorporated into the calculations, were available for the
atmosphere near the sites.

Tables Ten - Thirteen are extracts from the Lowtran 6
calculations and are presented as examples of data input and
output. Table Ten includes the 4 parameter cards for atmosphere
medel, aerosol model, slant path, and frequency and range
respectively, as adjusted for mid-latitude summer, at 2.2 km height
for a clear atmosphere. Tablie Eleven is a summary of the
atmospheric parameters used in the calculation and the geometry
selected to represent the sutb-nadir viewing of the scanner at 2.2 km
{7000 £t approx. AGL)

Table Twelve gives an example of the output, with a 30 nm band,
centred on 1985 nm delineated. A band in this region is proposed in
the conclusions as being useful in this exercise. Signal to noise
ratios of better than 50:1 are normal under most flying conditions
for the MKI Scanner (N Andronis, Geoscan Pty Ltd pers. comm.).
Total transmission (refer to column in Table Twelve) averaged over
the band 1s .6127 or of the order of greater than 60%+ reflectance
return to an airborne detector. The majority of the abscrption is
due to HO (column 4}, with a lesser contribution from the more
uniformly mixed co, {column 5) which has absorptions at 1960 nm and

2000 nm (La Rocca 1978, p.5-57). Other atmospheric gases and
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aerosols have minor influence at this wavelength. By comparison,
Table Thirteen, with a 30 nm band centred at 2100 nm, has a total
transmission average of .9008. The absorptions over this band are

about the same for the aerosols but significantly less from H20

and CO_.
2
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Figure Twenty. Transmission at 1985 nm and 2100 mm for a range of
atmospheric conditions - calculated from Lowtran 6 model,
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3.3.1 Geophysical Electromagnetic Techniques

The measurements made with the EM-38 are incorporated in
Appendix Two B and show the general relationship of electrical
conductivity (EC 1:5) to the electromagnetic (EM) response. Further
analysis of these data is presented in Table Fourteen. These are
compiled from the field data and represent an averaged EC and an
averaged EM.

The EC readings were summed for the whole profile, for all dates
and may not accurately represent the total salt in the profile as
the sampling is weighted toward the surface, i.e. the sampling
method is based upon 0-1, 1-5 and 5-10 c¢m, then a sample from
between 20-3¢ and 40-50 etc. It deoes, however, provide descriptive
differences between sites,

The EM data are meaned for all dates for both vertical and
horizontal measurements, with standard deviations also shown. The
ratio of vertical over horizontal is calculated, and when compared
Wwith EC, show a value greater than one for the non-saline sites and
values less than one for the saline sites.

The relationship with EC is not strong but the groups separate
well. This also applies when both the vertical and horizontal data
are plotted separately against EC. The limited number of sites
precludes a definitive statistical interpretation beyond the
presentation of these trends. The variability between dates is
shown in the large standard deviations. This variability is
greater, proportionally, on the non-saline sites and this may be

partly due to instrumental calibration between dates.
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Ave bulk EC vertical Em{sd) Horizontal Em{sd) Ratio

(ms/cm) Em(sd) Em(sd) v/K
Site 5 111.9 29(8) 15(9) 1.93
1 113.56 22(26) 11(6) 2.00
2 141.6 23(11) 2218) 1.04
6 2203.1 105(22) 140(23) ¢.75
8 3870.5 44(1) 60(5) 0.73
3 5398.9 128{11) 150(33) 0.85
7 5801.2 g81{1s) 140(11) 0.57
4 6583.6 154{(28) 225(61) 0.68

Table Fourteen. The average figures for Electrical
Conductivity, with standard deviations {sd) and Electromagnetic

Conductivity for all sites on all dates.

When the sites were chosen at Yalanbee, the most significant
factor influencing selection was vegetation, followed by the
uniformity of the soil profile (see gite description in Appendix
Twe). At that time EM-38 readings were also recorded over the
chosen sites. 1Initial EM anomalies could not always be reconciled
with vegetation variation, although most sites produced EM values
which were fairly consistent within sites and significantly
different between sites. The higher readings reliated well to the
visible signs of increased salinity. One exception, site &, which
had a uniform stand of Cotula sp. gave different EM readings on the
northern nalf of the site to those recorded on the southern side.

During the study this difference has been noted to correspond to
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vegetation and salinity readings. 1In hindsight, site € could have
had its position adjusted on the evidence of the initial EM-38
readings.

The EM values presented in Appendix Two are for both wvertical
and horizontal configurations of the instrument. The relative
responses reflected in the V/H readings is due to differences in
conductance between surface and subsoil materials. The horizontal
dipole is more sensitive to near surface materials whereas the
vertical dipole is less-sensitive to those materials. High ratios
then represent areas where salts are concentrated at the surface
relative te the subseil salinity.

This has applicationh at Yalanbee as some seeps are forming from
groundwaters which have low salinities but, due to high evaporation
and poor drainage, the surfaces may develeop high salt
cencentrations. 1In other instances, due to free drainage, the lower
5011 horizons can be the site for salt accumulation with minimal

surface expression.
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3.4 CONCLUSIONS
J.4.1 Conclusions - Restatement of Aims

The aim of the study was to provide a sclentific basis for the
design of a remote sensing system which would be of maximum benefit
for the early identification of land affected by salinisation. From
the work, it has been possible to assess the relative usefulness of
current and future spaceborne and airborne land sensor packages
covering the visible, reflected and shortwave infrared regions,
using examples from Yalanbee, but with conclusions which sheould be
more widely applicable.

Concisely, the aims were:-

1) to optimise maximum spectral discrimination at useable
wavelengths, or multiple wavebands, which describe the
characteristics of saline and non-saline lands;

2) to determine those times in &4 normal year’'s agricultural
cycle at which maximum discrimination can be made; and

3) to determine the most appropriate ground spatial resolution
to discriminate saline affected targets from the surrounding land.

Based on these aims, conclusions are tategorised under spectral,

spatial and temporal aspects.

3.4.2 Spectral Aspects

Spectral analysis applied to a range of saline and non-saline
soils under controlled laboratory conditions gave the first
indications that existing spectral bands inceorporated in current
§ensors are not optimal for the delineation of salinity. The
mcedification to infrared spectra by moisture is well documented, but
the effects of the minor saline constituent, MgCla‘in octherwise

apparently air dry soil samples had not been previously documented
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in this context. The hygrescoplc nature of MgCllslightly modified
the spectra of soils by extending the effect of the warer abscrption
over the reglen of 1870-2000 nm.

The importance of the MgClyeffect on the infrared spectrum for
salinity studies was initially thought to be only where field
conditions were as close as possible to bare dry soil, as would be
the case in summer fallow, or post-creopping with heavy grazing, but
this proved not to be so. Bands from both the Portable Field
Spectroradiometer (PFS) and the Gecscan Airborne Scanner, located
¢lose to the 1900 nm water absorptioen band, proved to have
significant value for the discrimination between saline and
non-saline sites, even when relatively well vegetated, as is the
case at Yalanbee. This would be applicable only when the ground
surface was relatively dry (ie,no recent rain or dew).

This study did show, however, that the volunteer vegetation was
the best indicator of phenological impact from increasing salinity.
On welli-vegetated pasture sites the effects of salinity were most
noticeable in the spring-flush, the period of maximum growth.
Unfortunately, confusion could exist between sites which had
degraded vegetation vigour but were not saline. Such degradation
could come from cultural, nutritional or grazing pressures.

The statistical analysis of the Geoscan Airborne Multispectral
Scanner data demonstrated that the discrimination between saline and
non-saline sites was a result of the effects of sgalt on vegetation.
The examples given in Figure Nineteen demonstrated that maximum
discrimination cccurred in months of maximum vegetation growth.
Also of note is the very significant contribution of Geoscan band &
(1980-2080 nm) toward the maximum three-band combinatiens which are
dominated by the reflected infrared Geoscan band 4 (830-870 nm) and

red Geoscan band 3 (650-700 nm). Other high scoring, three-band
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combinations, as illustrated in Figure Nineteen, invariably featured
combinatiens of the reflected and shortwave infrared with specific
emphasis on Geoscan band 6 (1980-2080 nm).

The spectral data analysed from the Portable Field
Spectroradicmeter (PFS) included narrower bands throughout the
visible reflected and shortwave infrared. This instrument includes
the 1600 nm window regicn where Landsat Thematic Mapper has a band
(band Five 1550-1750 nm) which is not covered by the MXI Geoscan
Scapner. If the scanner included all the bands analysed from the
PFrs data it most certainly would reflect more closely the PFS§
results, especially in the SWIR region. This study is not trying te
establish which existing scanner band is optimum but whether there
are better bands which could be used.

Unfortunately, instrument problems occurred with the PFS during
the August-September period in 1986 and extensive cloud coverage
affected the same perioed in 1985. As a consequence, the Prs data
were not avallable to coincide with aircraft scanner data for that
period.

The PFS data did show the . value of narrow bands, used as
ratios, in the reflected infrared regions (Figure Eighteen’,
specifically between 900-1100 nm. The data also showed that those
bands (PFS bands 15-20) provided maximum information between
November and February (Summer). The PFS data also showed the valuye
of the shortwave infrared region (SWIR), especially PFS bands 32 and
36, when used as ratios over the same summer period.

Spectra from laboratory prepared samples (Figure Ten, Section
3.2.1) and field spectra (Figure Seventeen, Section 3.2.4) suggest
that the moisture effect correlates with salinity in the spectral

region of 1970-2000 nm.
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Figure Thirteen, Section 3.2.2, the spectra of vegetation,
clearly shows increased reflectance due to cellulose (1923 nm),
before the major cellulose absorption near 2080 nm. Dry plant
material was plentiful on most saline sites, but unfortunately its
salinity level was never measured. This appears to be an
oversight. It may be reasonable to assume that salt crystals,
threough "rainsplash", wind, dust, etc¢., were on the surfaces of dry
plant material on the saline sites, and probably in similar
proportions to the amount on the soil surface.

The combined effect of greater amounts of cellulose, from plant
debris, on non-saline sites and the moisture absorption effect on
the saline sites, even though significant cellulose occurs on them,
probably are the contributing factors to the salt-related trend
which occurs between 1970-2000 am. Put simply, there is a
compounding effect of beoth absorption due to moisture and
reflectance due to cellulose in this region.

In order to put the relative usefulness of these results into
perspective, comparison with alternative sensing systems 1is
appropriate. The visible scanner bands one, two and three are
covered by panchromatic and colour photography and some of the
Landsat MSS and TM bands (Figure Two). Infrared photography, and
both Landsat systems, in a broad band, cover the Geoscan airborne
scanner bands four and five. The Landsat TM also has a broad band
which covers scanner bands seven and eight. Assuming that the best
three band combinations were chosen (this being the practical
minimum number of bands for .colour display when using an image
processing system for semi-automated digital image analysis),
maximum information needed to discriminate the sites would rarely be

avallable using existing satellite sensors.
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The Thematic Mapper (TM) instrument on the Landsat series of

satellites has seven bands, six fall within the range of the PF§.

TM Band Band Range (nm) PFS Band(s) Band Range (nm)
{450~ 520} - 2 -4 (430- 530)
{520- 600) - 4 - 6 {500- 600)
{630~ 690) - 8 {630~ 660!}
4 {760- 900! - 11 - 14 {770- 890)
5 (1550-1750) - 23 - 29 {1560-1750)
6 {2080-2350) - 36 - 45 {2080-2250)

Comparison of these bands with the best combinations determined from
Table Five (Section 3.2.4) shows two major deficiencies in the TM
instrument for the detecticn of salinity: firstly, the omission of
bands in the (700-730 nm), (730-76¢ nm), (900-1100 nm) and
(1970-2070} region; secondly, broader bands lose the diagnostic
value of the narrow bands which make up the breoad structure, (refer

to Figure Eighteen, Section 3.2.4).

3.4.3 Temporal Aspects

It is not possible to give a precise answer to which is the bhest
time of the year for salinity mapping. Geoscan Scanner data
indicated that excellent discrimination was possible in September
1986. Data from August and November 1985 also scored highly (Figure
Nineteen, Section 3.2.5). On the basis of visual cbservations the
sites had maximum floristic differences during the period of maximum
growth or the "spring-flush" (September-November). Unfortunately,
the airborne data from November 1986 did not support this. It is
apparent that there is high variability relating to seasonal

conditiens. The variability for the three March flights can be
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exXplained by unseasonal rainfall in two of the three years.
Generally, spring appears to offer most chance of success for
spectral separation of sites based on the vegetation's response to
salinity. But, there are significant factors which will detract
from this conclusioen. The high probability of cloud makes
large—-scale operaticns unreliable, low sun angles limit the hours of
the day when sensing is possible, high soll moisture status would
negate the value of a shortwave infrared band, and cropping
practices detract from the diagnostic value of velunteer plant
successions.

For these reasons, it i1s suggested that a later time in the year
be considered. This would be December to February, which is
supported by the PFS data analysis. Figure Eighteen {Section 3.2.14)
suggests that the inclusion of a shortwave infrared band centred on
1985 nm would permit a wider time window available for optimum
discrimination between saline and non-saline sites. This could span
September through to February/March. The use of this band has the
added advantage of discrimination on land surfaces which are devoid

cf wvegetation.
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3.4.14 Spatial Aspects

It i1s not pessible to be definitive on what spatial resolution
is cptimum for salinity studies. This study concentrated on image
pixels which ranged from approximately 5 metres to 80 merres.
Examples were presented of Landsat M3S nominal 80 metre (57x79
sample size) which did show the major saline compcnents of the
Crocodile Creek catchments, Figure $ix, {(Section 3.1.1) but was of
little or no use for describing the active saline encroachment
accurring on the study sites. Figure Seven A,B,C, and D, are
enhancements of Geoscan Alrborne Scanner images. With the nominal 5
metre resclutien, the regicn of active encrocachment and individual
tree mortalities can be seen. The precise area of salt-affected
land could be measured, at this spatial resolution, as well as any
ground-based system. Intermediate resolutions of 10,15 and 20
metres were synthesised by pixel merging and demonstrate the image
degradation.

Landsat Thematic Mapper, with 30 metre resoclution {Figure
Seven), shows the major saline components and is also capable of
resolving the features of saline encroachment which were the basis
0of the study sites. The French satellite SPOT~-Image has a 3 band
multispectral scanner with neminal 20 metre resolution.

Points made in Section 1.2.5 indicated that the effects of
salinity, in dryland agriculture areas, can range in thelir
appearance from subtle changes in vegetation teo high contrast, often
linear, features. These featuresg reflect the level of severity of
the salinisation which is somewhat arbitrary depending on the
specific land use. The impact of the severity would be quite
different in, for example, a high value horticultural crop, but this

study has cencentrated on dryland agriculture; therefore the
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determinaticen of spatial rescluticen is based upon that land use and
its economic management.

From the examples given the spatial resolution by SPOT (20 m)
and Thematic Mapper (30 m) would appear to be satisfactory for most
regional or management scale determinations. Any less definition of
ground features would result in errors of omission and any more
would become prohibitively expensive in both data collection and
processing.

There is possibly a case for variable spatial resolution 1if a
long-term monitoring_program is to be implemented. Infrequent, but
strategically timed, high resolution imaging could provide details
of specific changes resulting from salinity; this would then
complement mapping of forest clearing or land use changes which are

cften the cause of salinity and would be generally evident on lower

resolution acquisitions.
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APPENDIX ONE

SENSOR SPACECRAFT CHANNELS BANDFPASSES {um) SPATIAL RESOLUTION REPEAT SWATH
AT NADIR (GROUND CYCLE WIDTH
FOvV)
AYHRR NOAA ? in YNIR ©.58-0.68 V1S 1ot m twice 2400 km
series 1in MIR 0.72-1.1 NiR daity
pelar 3.55-3.93 MIR 1C—day
orbiting 10.3-11.3 MIR cycle
11.5-12.5 MIR
HBCMR HCMM 1 in YNIR B.51.1 500 m 16 days 700 km
1in MIR 10.5-12.5 600 m
mSS LANDSAT 4 IN ¥NIR 0.5-0.6 YIS 79 m (bands 18 days 185 km
1,23 0.6-0.7 VIS 47} ’
0.7-0.8 NIR
0.8-1.1 NIR
™ LANDSAT ™ 1 0.45-0.52 Y13 3m 16 days 185 km
T™ 2 0.52-0.60 VIS
T™ 3 0.63-0.62 VIS
T™ 4 £.76-0.90 HIR
™ 5 1.55-1.75 SWIR
™ 7 7.08-2.35 SWIR
™ & 10.4-12.5 MIR 120 m
STR-A SPACE 1 L band 23.5 em 40 m approx Experimnent 50 km
RADAR SHUTTLE HE Polarization only
SIR-B SPACE 1 L band 23.5 c¢m 14-46 M Experiment 30 %m
RADAR SHUTTLE HH Polarization variable only
HRY SPOT 3in YRIR €.5-0.59 VIS 20m 26 days 80 ken
0.61-0v68. VIS 1 and + 60 km
0.7%-0.89 V15 4-5 days off
1 panch- 0.51-0.73 VIS 10m of [ nadir nagdir
romalic stereo
- capability
LFC SPACE Calour/ 20 m (height Experiment 208 km
SHUTTLE CIR resoln ' only .
: +9m)

Append%x one (a) Some important spaceborne sensors used in Australia
- compiled by the CSIRC Division of Mineral Physics and Mineralogy.
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SENSOR CHANNELS BANDPASSES (um) SPATIAL RESOLUTION SWATH
AT NADIR (GROUND WIDTH
IFOVY)
SAR and 1 X band 2.54.0cm Yariable Yariable
SLAR Lopand 13-30em
ATM B in VNIR 0.42-0.45% S5mor 2.5 m at 3 km at
2in SWIR 0.45-0.52 (TM1) 2000 m AGL 2000 m AGL
1in MIR 0.52-0.60 (TM2} (2.5 mrads and
0.605-0.62% 1.25 mrads)
0.63-0.8% {TM3)
0.635-0.75
0.76~0.99 (TM4)
0.91-1.05
1.55-1.75 {TM5)
2.08-2.35 (TMT)
B.5-13.0 {TM8B)
GEOSC AN 5in VNIR 0.45-0.50 5 mrads 5.12 km at
MS5S Mi-f {in SWIR 0.55-0.60 {10 m at 2000 m 2000 m AGL
4 in MIR 0.65-0.70 AGL)
0.83-0.87
8.93-0.97
1.98-2.08
2.16-2.19
2.205-2.235
2.30-2.40
8.5-8.9
9.7-10.1
10.8-11.2
11.5-12.0
MEIS-1I 8 in YNIR Range _-38-1.1 um Variable, typically 39.56°
Bands setected by S to 14 metres
[rent-mounted
fitters
AlS 128 in SWIR Range 1.2-2.4 ym 1.91 mrad/pixel 183.3 m at
Sampling interval (5.7 m at o0 m AGL
9.6 nm 3060 m AGL)
TINS g in MER B.2-8.6 um 1.5 mrad/pixel- 3.4 km at
’ 8.6-9.0 (5 m at 2000 m 200 m AGL
9.0-9.4 AGL)
9.4-10.2
10.2-11.2
11,2-12.2
COLLINS 512 in ¥NIR Hange 0.35-t.0um 20 m at 20m
SPECTRO- 64 in SWIR Range 1.9-2.5 vm £10 m AGL profile
RADIOMETER sl BI0 m
AGL
CSIRO POD 512 in ¥NIR Renge 0.4-1.¢ 315 mrads
SPECTRO- 128 in SWIR Range 1.3-2.5
RADIOMETER Sampling interval
3 nm
DAEDALUS 10 in VNIR Range 0.4-1.1ym 2.5 mrads
SCANNER 18 channels (5 m at
selected from 12 2000 m AGL)

minimum channel
widlh 20 nm |

Appendix oOne {(b) Some important airborne sensors used
compiled by the CSIRO Division of Mineral Physics and

in Australia -
Mineralogy.
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APPENDIX TWO

Site Descriptions at Selection 15.10.85
{(see species List, Appendix Three, and Methodology Section)
SITE ONE.

This is the non saline site and is in a midslope position in a
discrete minor valley. At the time of selection, it carried a very
dense pasture stand. Its composition by volume was 40% subterranean
clover, 40% capeweed, the remainder being an even mixture of grasses

including hordeum (H. lep), soft brome and winter grass.

Horizon Depth - cms Description Dy 3.62

Al 0-1 Very dark greyish brown (10 YR 3/2) organic
sandy loam, few small Fe gravels pH 6.0, clear
change to

A2 1-40 brown (10 YR 3/3) gritty clayey sand, moderate

Fe gravel, clear change to

B 10 - brownish yellow (10 YR 6/8) mottled yellow
(10 YR 7/8) gritty medium clay, abundant Fe
gravel, pH 6.5.
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SITE 1 DEPTH {(CMS} EC AIR DRY EM RAINFALL VEGETATION
DATE {1:3) % MOISTURE v/H SINCE PREV,
ms/cm SAMPLING
15/10/85 a-1 71.3 13.5 18/9 4.6 mm C/weed 40% H. lep S%
1-5 36.6 9.0 Cover 35% vulpia 5%
S-10 32.2 8.3 Brome 10%  Poa 5%

20-10 34,2 7.8 Lush vigorous pasture 15-

40-50 24.4 5.7 20 cm deep uniform mixtures
some capeweed in flower,

7.6
28,/10/85% 0-1 377 13.0 Bl/4 C/weed 0% H. lep 10%
1-5 64.6 5.5 Clover &0% vVulpia 10%
5-10 26.7 2.2 Brome 10% Wimera Tr

20-30 21.3 2.0 + Other Grasses.

40-50 17.3 2.3 Dense mat of drying
vegatatcion, C/weed
collapsing, horizontal
heads beginning to *“Hay-
off”,

3.0
11/11/85 0-1 169 4.4 17/20 Completey "Hayed-off" -
1-5 39 3.3 Brown/Grey/Yellow litter,
5-10 22 3.3 No bare around
20-30 13 3.1
40-50 iQ 1.1
12.9
16/1/86 0-1 379 4.5 6.12.85 dense dry vege-
1-5 163 Q.1 tation. No bare ground.
5-10 36.9 0.6
20-30 29.6 1.1
40-5Q
0.0
&/2/86 0-1 422 0.0 6/1a Yellow grey “Hay" all
1-5 855 0.2 dead. 60% Flattened
5-10 134 1.3 40% standing.
20=30 49 1.2 pH 6.02 (mean of 5 surfarce
40-50 S0 6.9 samples)
115.4
26/1/86 0-1 22.3 3.6 1/4 Rainfall caused good
i-5 24,1 2.7 germination. Clover
5-10 23.6 2.4 c/weed and grasses.
20-30 45.4 2.6
40-50 101.6 2.8
4.8
28/4/86 0-1 313 0.8 17/16 Some early uermination
1-5 a6 1.1 still surviving -
5-10 34 0.9 Heavily grazed., Clover
20~30 ig 2.1 and orasses.
40-50 21 1.6
84,4
5/6/86 Q-1 406 24.3 20/17 Good clover and some
1-5 114 10.7 c/weed germination some

5-10 59 7.2 residual grass stubble

20-30 33 5.3 remaining,

40-50 30 8.8

282.6
19/8/8¢6 0-1 353 48.6 18/17 Good clover + c/weed

1-5 43.5 16.0 cover - some grasses

5-10 28,7 12.8

20-30 36,1 13.1

40-50 31.3 13.3

57.0
16/10/96 Q-1 434 38.7 a/9 Clover 708 C/weed 20%
1-5 48.4 12.9 H. lep+Vuipia+Wimera 10%
5-10 32.8 8.9 Clover dom. grazed,

20-30 29.4 7.1 Sparse ¢/weed flowers

40-50 34.9 10.0 dense swath. Grasses
flowering.

53.0
2s2/897 0-1 273 .1 16/15 Ungrazed dense dry
1-5 80.8 .4 clover/grass pasture,
5=10 31.7 .8 uniformly hayed off.
20-30 25.3 2.7
40-50 24.7 4.1
15.5
3/4/87 0-1 450 20.5 17/14 Dry grazed clover and
1-5 170 4.7 grass debris. 160% clover.
5=-10 96.5 4.9
20-30 315.0 4.1 .
40-50 18.2 4.8 light rain affected
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SITE TWO.

This non-saline site carried a good pasture stand on a gravelly
midslope position with a well drained A horizon. There was a
mixture of 25%% subterranean clover, 25% capeweed, 25% hordeum (H.

lep), with the remainder being soft brome and other minor grass

species.

Horizon Depth - cms Description — Ks Dy 5.62

Al 0-5 Very dark greyish brown (10 YR 3/2) organic
sandy loam, moderate Fe gravel, pH 6.5, clear
change to

A2 5-50 dark brown (10 YR 4/3) gritty clayey sand,
abundant Fe gravel, clear change to

B 50 - brownish yellow (10 YR 6/8) mottled yellow
(10 YR 7/8) gritty medium clay, abundant Fe
gravel, pH 6.5.
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SITE 2 DEPTH {CMS} EC AIR DRY EM RAINFALIL VEGETATION
DATE {1:5} % MOISTURE  v/H SINCE PREV,
ms,/Cm SMMPLING
15/10/85 0-1 152 6.6 33719 4.6 mm C/weed 254 H, lep 25%
1-5 92.6 5.2 Clover 25%  Brome 20%
5-10 58.8 4.0 Erodium Tr Vulpia 5%
20-30 54.3 4.3
40-50
7.6
28/10/85 0-1 3z2 4.0 22/23 C/wead 10%  H. lep 35%
1-5 56 2.0 Clover Z5%v  Brome J3O%
5-10 51 2.6 Ercdium Tr Vulpia Tr
20-30 a1 2.4 Rapidly haying-off.
40-50 58 2.8
9.0
131/11/85 0-1 140 1.5 25/30 Almocst completey “"Hayed-off™
1-5 52 3.8
5-10 29 5.5
2C0-10 39 5.2
40-50 6d .8
12.9
le/1/86 0-1 3l1 Q.1 (6.12.85) dense dry vege-
1-5 o4 0.3 tation, other grey litter,
S=1p S 0.6 some bare areas
20-30 52 0.8
4C-50
0.0
6/2/86 0-1 851 c.0 6/10 Dense dry vegetation,
1-5 195 0.2 Dry c/weed holding.
5-10 79 0.8 pH 6.37 (mean of 5 surface
20=-30 58 1.7 samples]
40-50 204 4.6
115.4
26/1/86 0-1 193 2.3 12/15 Germinatich of c/weed.
1-5 66.9 2.5
3~-10 el.6 3.2
20-30 68.3 3.5
40-50 131 6.2
4.8
28/4/86 0-1 297 0.5 30729 Faint tinge of areen
1-5 105 1.1 vegetation. Mostly dry
5-10 41 1.7 grass cn gravelly surface.
20=-30 39 2.6
40-50 49 2.2
84.4
5/6,/86 0-1 478 21.0 36/30 Good c/waed and clover
1-5 166 10,6 germination some arass
5-10 115 8.8 stubble residue.
20-20 a9 8.5
40=50 136 15.5
282.6
19/8/86 g-1 376 42.6 26/25 Claver + ¢/weed with
1-5 75.9 15.4 some fine grasses.
5-10 45.5 11.3
20-3¢ B2.5 9.9
40=-50 160 15.0
57.0
l16/10/86 0-1 559 26.7 19,20 Clover 85% C/weed 10%
1-5 201 12.4 Vulpia + Wimera 5%
5-10 89.5 12.3 Heavily grazed, clover dom.
20-30 106.3 g.8 Sparse flowering of ¢/weed.
40-50 218 16.8
53.0
2/2/87 0-1 265 .2 41/38 Lightly grazed clover,
1-5 71.2 .5 c/weed, grass pasture
5-10 35.1 1.1 patches “at bare soil.
20-130 95.2 1.4
40=-50 195 7.3
« 40/37 5.5 4
1/4/87 ?Z% 59; 12'3 Ty grass, cloYer + c{weed
: debris some soil showing
5=10 349 4.9 with graval,
20-30 180 6.6 .
40-50 168 12.1 light rain affect
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SITE THREE.
This site is adjacent to sites one and two and is at the head of
an expanding saline scald. Although carrying some vegetation, its
biomass productivity is very severely impaired. This site is
considered to be becoming increasingly saline.
The site consisted of a mixture of 40% sedge and 40% Hordeum
(H. gen), with the remainder comprising wintergrass, wimera and

other minor grasses.

Horizon Depth - cms Description - Dy 5.81

Al 0-8 Very dark (10 YR 3/1) organic sandy loam, few
small Fe gravels, pH 5.5, sharp break to

A2 1 8-20 dark greyish brown (10 YR 6/3) gritty loamy
sand, few small Fe gravels, clear break to

A2 2 20-30 pale brown (10 YR 6/3) gritty loamy sand
(bleach), few small Fe gravels, clear change
to

B1 30-40 very pale brown (10 YR 7/3) gritty light clay,

few small Fe gravels, gradual change to

B2 40 - brownish yellow (10 YR 6/6) mottled red
(10 R 4/6) slightly gritty medium clay, few
small Fe gravels, pH 5.5.
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SITE 3 DEPTH (CMS) EC AIR DRY EM RAINFALL VEGETATION
DATE {1:5) % MOISTURE v SINCE PREV,
ms/em SAMPLING
15/10/8% c-1 8140 18.9 125/135 4.6 mm H. gen $1%  Cyperus 5)%
1-5 1510 19.1 P. vag 1G%
5-10 315 12.9 Wimera 10%
20-30 432 11.1
49-50 877 14.1
7.6
28/10/85 0-1 5580 20.1 1207120 H., gen 358 Cyperus 45
1-5 B9C 12.9 P. vaag 20\
5-10 389 10.5 Wimera Tr
20-30 o7 B.0
40-50 800 15.4
9.0
13/11/85 0-1 7790 17.6 115/112 Mixture persists.
1-5 840 13.4
5-10 312 9.2
20-30 227 B.0
40-50 256 8.1
12.9
16/1/86 0-1 17400 1¢.0 6.12.85 Mixture of H. gen
. 1-5 2010 13.7 and Polydogon. Other dry
5-10 948 11.9 veg, {Wimera).
20-30 1079 13.1
40-50 1018 13.5
0.0
§/2/86 0-1 66200 1.0 140/20%5 Sparse H. gen salt crystals
1-5 15500 11.2 at the surface. Mostly
5-i0 6380 7.2 bare ground.
2020 536 8.8 pH 5.74 {mean of 5 surface
40-50 250 12.0 samples).
115.4
26/3/86 Q-1 22500 13.3 137/175 Little or no Germination.
1-5 2880 13.1 Moisture at or near
5-10 1190 15.3 surface.
20-30 776 13.2
40-%0 624 11.6
4.8
28/4/8B6 0-1 24200 7.6 143/171 50% bare. Salty crusts
1-5 4660 16,0 and dry plant material
5=10 684 13.0 - no germinatien,
20-30 552 i3.9
40-50 714 15.3
84.4
5/6/86 0-1 8560 28.4 118/136 50% bare dark soil 25% dry
1-5 3160 12.1 grass stubble with some
5=-10 31sc 10.8 germination of grasses.
20-30 A1l 8.7
40=-50 855 12.6
282.6
19/8/86 G-1 932 3.2 163,94 Variable surface, sparse
1-5 432 40.6 vegetation to bare some
S=10 560 20.2 salt tolerant species.
20-30 176 131.9
40-50 428 4.7
57.0
16/10/86 0-1 1870 23,6 12¢/125 Bare soil 50% of surface
1-5 1207 17.5 Cyperus 75% H. gen 204
5-10 1217 15.3 Polypagon 5%,  Sheep tracks
20-30 615 13.4 breaking up site. HNth side
40-50 596 12.9 of plot increase salinity
and pasture loss.
53.0
2/2/87 0=1 75,100 4.2 170/235 Remnants of polypogon
1-5 7320 12.2 H. lep H. gen - bare
5-10 550 9.3 with salt crust in
20=130 529 1C0.4 places.
40-50 629 11.0
N 15.5
1/4/87 Q-1 20,900 15.4 166 /277 Mostly bare with some
1-5 9,050 11.1 poly. H. lep/gen
5-10 2,350 11.6
20-30 500 9.8 "
40-50 417 10.0 light rain affect

i
12
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SITE FOUR.

This site, further downslope from site 3, had the highest
surface salinity of all sites at the time of selection. The sparse
vegetation comprised 60% cotula, 35% hordeum (H. gen) with 5%

introduced perennial puccinellia.

Horizon Depth - cms Description - Dy 5.82

Al 1 0-5 Very dark grey (10 YR 3/1) organic sandy loam,
pH 5.5, clear change to

Al 2 5-10 dark grey (10 YR 4/1) gritty loamy sand, clear
change to
A2 1 10-20 greyish-brown (10 YR 5/2) gritty loamy sand,

clear change to

A2 2 20-40 pale brown (10 YR 6/5) gritty loamy sand
(bleach), gradual change to

B1 40~50 light grey (10 YR 7/2) gritty light clay,
clear change to

B2 50 - very pale brown (10 YR 7/3) mottled vellow
(10 YR 7/6) and red (2.5 YR 5/8) gritty medium

clay, pH 7.0.
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SITE 4 DEPTH (CMS) EC AIR DRY EM RAINFALL VEGETATION
DATE (1:5} % MOISTURE  V/Il  SINCE PREV,
ms,/ocm SAMPLING
15/10/85 -1 26000 25.1 13¢/18% 4.6 mm H. gen 35%  Cotula 60%
-5 1200 22.6 Pucce S%
5-10 1220 10.60 Poa Tr
20-30 768 7.5
40-50 G48 8.8
T.€&
28/710/85 0-1 21900 1%.7 140/180 H. gen 40% Cotula 30%
15 1350 8.5 P. vag 5%
5-10 806 7.1 Palypogon 25%
20-30 626 4.1
40-50 684 8.7
9.0
13/11/85 0-1 24370 18,9 121/173 Mixture persists.
1-5 3570 13.9
5-10 848 9.5
20-30 488 7.5
40-50 - 432 7.9
12.9
16/1/86 0-1 41900 1.4 6.12.85 Dominance of
1-5 4680 $.2 standing Polypogen and dry
5-10 712 4.2 standing Cotula., Green
20-30 418 4.5 tinge in places {Puce)
40=50 427 6.0 and some Polypogan.
0.0
6/2/86 0=1 18700 2.9 1504180 Sparse H. gen Cotula.
1=5 10430 14.1 Sait crystals and bare
5-10 982 7. surface.
20-30 728 8.3 pH 5.68 (mean of 5 surface
40-50 430 7.9 samples] .
115.4
26/3/8¢ Q-1 23300 16.0 165/330
1-5 4280 12,2
5=10 910 e.2
20-20 869 11.9
40-50 1089 12.6
4.8
28/4/86 0-1 30000 12.1 182,277 Mostly bare, Some remnant
i-5 3000 9.5 dry vegetation. Pale
5-10 685 9.1 crusting. Small patches
20-30 955 12.5 Polypogon and well grazed
40-50 613 10.3 Pucc.
84.4
5/6/86 0-1 1480 28.6 192/251 Patchy scme bare patches
1-5 705 1.6 mostly dry residual stubble
5-10 667 10.1 with small amount
20-30 1292 12.0 germination.
40-50 1064 12.1
282.6
19/8/86 0-1 2840 39.2 148/168 Sparse to patchy vegetation
1-5 1350 21.4 some cotula + H. cen.
S5=10 1074 16.7
20-30 991 16,2
40-50 642
57.0
16/10/86 0-1 6420 41.5 158/200 Cotula 50% H. gen 45%
1-5 4160 16.1 Pucc S8  Vegetation is
S=10 1700 12.2 only surviving on remnants
20-30 1036 15.4 of top soil, SO0% bare
40-50 - - Too wet western side 30% hare
eastern side pale bare
patches with pockets dark
croanic.
53.0
2/2/87 0-1 48,800 2.6 162,207 Grazed leaving bare patches,
1-5 7,750 7.7 some pucc. Cotula dry
5-10 578 6.5 H. lep/H. gen.
20-30 668 1.9
40-50 585 9.6
. 15.5
3/4/87 o-1 g0,700 26.5 Bare with organic stains
1-5 25,400 21.8 some poly. H. gen in
5=-10 6,070 8.5 in patches.
20-30 B29 13.2 -
40-~50 605 11.1 light rain affect
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SITE FIVE.
This site is located on a grey sandy "spillway" in a midslope
position and is characterised by an almost pure capeweed stand with

less than 5% mixed grasses. This is considered a non-saline site.

Horizon Depth - cms Description

Al 1 0-3 Very dark greyish brown (10 YR 3/2) sandy loam
with few Fe gravels, pH 7.0, clear change to

Al 2 3-20 brown (10 YR 5/3 clayey sand with few Fe
gravels, gradual change to

A2 20 - 60 pale brown (10 YR 6/3) clayey sand {(bleach)
with moderate Fe gravels, clear change to

Bl 60 - 70 yellowish brown (10 YR 5/8) sandy light clay
with few Fe gravels, clear change to

B2 70 - brownish yellow (10 YR 5/8) mottled, light
yellowish brown (10 YR 6/4) and red (2.5 ¥R
5/8) sandy medium clay with few Fe gravels, PH
645
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SITE 5 DEPTH {(CTMS) EC AIR DRY EM RAINFALL VEGETATION
DATE (1:5}) % MOISTURE V/H SINCE PREV.
ms/ca SAMPLING
15/10/85 o~-1 121 3.3 3z2/8 4.6 mm C/weed 95¢ H. lep 5%
1-5 45.4 4.5 Wimera +
5-10 6.9 4.6 Vulpia +
20-30 17.1 5.2 Brome = 5%
40-50 23.13 8.9 Many flowers.
7.6
28/10/85 0-1 234 5.6 20/8 C/wead 85% H, lep 15%
1-5 [:14] 4.3 Wimera +
5-10 26.3 2.8 Vulpia +
20-30 13.6 3.4 Brome = 15%
40-50 17.1 6.1 Rapidly haying-off
- flowering nearly
finished.
9.0
13/11/85 0-1 247 1.2 34725 Haying-off, flowerina
1-5 BS 3.3 finished
5-10 61 1.3
- 20-30 21 3.0
40-540 20.5 5.2
12.9
16/1/86 0=1 396 0.2 6.12.85 All dry litter.
1-5 240 1.0 Some still standina,
5=10 45 2.4 Remaining barley arass
20-10 22.5 2.9 drying off, 10% bare
40-50 grey sandy soil surface.
0.0
6/2/86 ¢=-1 422 0.1 Abundant dead c/weed.
1=5 196 0.2 Some bare surface.
5-10 13 2.4 PH 5.88 (mean of 5 surface
20-3¢ 27 3.4 samples).
40-50
115.4
26/3/86 Q=1 323 0.6 19/4 Germination of c/wead,
1-5 173 2.5 some bare soil.
5-10 44 3.1
20-30 25.3 3.7
40-50 19.¢6 5.0
4.8
28/4/886 0-1 E1:15) 0.3 35/23 C/weed holding, not
1-5 210 0.3 much bare ground - uniform.
5-10 25 1.1
20-30 a3 2.4
40-50 45 3.9
B4.4
5/6/86 -1 133 6.7 35/22 20% uniform germination
1-5 93 1.6 of c/weed.
5~10 139 3.9
20-30 97 4.6
40-50 100 5.2
282.6
19/8/86 o-1 158 25.6 34/23 B0% ¢/weed with clover
1-5 is.8 12,1 + grasses
5«10 24.5 14.0
20-30 27.3 17.4
40-50 52.6 20.0
57.0
16/10/86 0~1 189 18.2 25717 Dense swath.
1-5 39.2 8.6 C/weed 50% Clover 108
5-10 4.8 6.8 Wimera 20% Vulpia 15%
20-30 17.7 6.7 H. lep 5% Brome Tr
40-50 27.8 11.% C/weed flowerina.
Dense patches clover.
3.0
2/72/8% 0-1 202 .03 44/30 Collapsed c¢/weed residue
1-5 59.3 .2 with Wimera ete standing
5-10 64.3 .9 rank. T
20-30 153 8.1
40-5%0 104 6.6
. 15.5
3/4/31 0-1 216 10.8 42/28 Dry Wimera. C/weed Dock
1-5 117 2.2 (5light hint of c/weed
5-10 208 2.3 germination.}
20-30 52 4.8 .
40-50 48 4.6 light rain affect
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SITE S1X.

This site is in a mid to lower slope and has well-developed
salinity with an extensive, uniform, cotula stand (80%) with 10%
succulents, the remainder being minor grasses and puccinellia.

This Dy 3.81 profile is variable at the surface and is now
considered in 2 parts as free moisture seeps across the site giving
variability of surface salinity. (see note regarding this point in

Section 3.4, Electromagnetic Techniques).

Horizon Depth - cms Description - Dy 3.81

Al 1 0-5 Very dark grey brown (2.5 YR 3/2) organic
sandy clay loam, pH 5.5, gradual change to

Al 2 5-15 light olive brown (2.5 Y 5/4) slightly organic
sandy clay loam, clear change to

A2 15-40 pale yellow (5 Y 7/3) sandy clay loam (bleach)
with some coarse Fe gravels, gradual change to

Bl 40-50 pale yellow (5 Y 7/3) sandy clay with few Fe
gravels, gradual change to

B2 50 — pale yellow (5 Y 7/3) mottled, brownish yellow
{10 YR 6/6) and red (2.5 YR 5/6) sandy medium
clay, pH 5.5.
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SITE 6 DEPTH (CMS) EC AIR DRY EM RAINFALL VEGETATION
DATE {1:5} & MOISTURE V/H SINCE PREV,
ms/cm SAMPLING
15/10/85 0-1 2790 21.3 72/98 4.6 mm Cotula B0% H. gen 10%
1-3 1360 15.1 Poa Tr Puccs 5%
S~10 ize 16.0 Spera 5%
20-3C 411 12.13
40-50 110 0.9
7.6
2B8/10/85 0-1 5760 22.9 101/128 Cotula 65y H., gen 5%
1-5 1193 15.1 Polypogon 25% Pucc + 5%
5=10 434 13.7 Sperg. 5%
20-30 334 11.6
40=5C 228 9.9
3.0
13/11/85 0-1 7320 17.4 115/145 Mixture persists.
1-5 1326 12.5
$=14 606 11.6
20-30 410 1.2
40=-50 192 9.0
12.9 y
16/1/86 a-1 8600 0.2 20/15 6.12.85 Cotula finished
1-5 1430 2.3 flowering - still part
5-1¢ 214 1.9 green . Polypogon now
20=30 254 4.7 dominant on north side.
40~30 Sputh side -~ sparse. 40%
veqg, 60% bare. Some
Cotula in flower + Puccs.
0.0
6/3/86 0=1 6240 0.1 Sparse mixture of Cotula
1-5 1630 0.9 and Palypoeecn. Part hare,
5-10 215 2.6 dry surface,
20-30 195 4.0 pH 5.25 (mean of 5 surface
40-50 186 4.0 samplies).
115.4
26/3/86 0-1 14300 21.% Variable, very maist.
1-5 1510 15.9
5-10 491 11.1
20=30 437 1G¢.3
40-50 534 9.6
4.8
28/4/86 0-1 17600 12.6 121/156 Still shows marked differ-
1-5 1730 14.0 ence between northern and
5-10 397 11.2 southern parts. South-bare
20-30 435 11.5 north-crganic surface with
£0-50 424 11.7 uniform germiantion of
Cotula.
84.4
5/6/86 0-1 2170 30.0 134/164 + 50% bare, patchy Cotula
1-5 992 17.8 germination - very wet,
5-10 969 17.4
20=-39 964 17.2
40-50 490 12.1
282.6
19/8/86 0-1 1086 8.5 110/110 Cotula and H. gen patch
1-5 407 20.9 + some bare areas.
5-10 458 20.7
20-30 413 15.7
40Q=-50 39 13.9
57.0
16/10/86 0-1 1232 7.6 110/127 Site inundated.
1-5 712 19.5 Polypcgen 45%  Cyperus 30%
5-10 561 18.2 Cotula 154 Sperg. 10%
20=-30 528 16.4 40% of surface bare. Cotula
40-50 - Too wet dominant on south side.
53.0
2/2/87 0-1 22,300 12.3 100/86 Patch dry Cotula and
1-5 726 2.7 polypogon bare areas
5-10 294 4.0 mixed.
20-30 169 4.5 = -
40-50 218 6.5
15.5
1/4/87 0-1 25,000 18.0 127/153 Mixed polypogon, B grass
1-5 7,650 11.1 some dry Cotula.
5-10 3,450 10.7
20-30 540 10.8 .
40-50 1,096 12.3 light rain
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SITE SEVEN.

This site is located in a ‘high-risk’ valley line below an earth
#
tank which is rapidly becoming too saline for stock water. This
site has an extensive stand of the perennial grass paspalum (75%);

the remainder is mainly sedges and minor annual grasses. This site

remains moist throughout the year.

Horizon Depth - cms Description - Dy 5.82

02 0-2 very dark greyish brown (10 YR 3/2) organic
loam, pH 6.0, sharp change to

Al 2-15 dark grey brown (2.5 Y 4/2) sandy loam, pH
6.0, clear change to

A2 15-50 pale yellow (2.5 Y 7/4) few mottles, brownish
yellow (10 YR 6/8) sandy light clay with few
Fe gravels, clear change to

Bl 50-60 pale yellow (2.5 Y 7/4) few mottles, brownish
yellow (10 YR 6/8) sandy light clay with few
Fe gravels, clear change to

B2 60 - light grey (2.5 ¥ 7/2) mottled, yellowish
brown (10 YR 5/8) and red (2.5 YR 5/6) sandy
medium clay with few Fe gravels, PH 6.5.
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SITE 7 DEPTH (CMS) EC AIR DRY M RAINFALL VEGETATION
DATE (1:5} % MOISTURE V/H  SINCE PREV.
ms/cm SAMPLING
15/10/85 0-1 16500 6.2 68,138 4.6 mm P. vag 758  Cyperus 20%
1-5 1460 14.4 H, gen 5\ Sperg Tr
5-10 812 131.6 Palypogon Tr Cotula Tr
20-30 422 10.9
40-50 446 12.2
7.6
28/10/8% G-1 10830 31.1 F0/130 P. vag 70% Cyperus 15%
1=5 219 12.4 H. gen Tr Sperg 15%
5-10 398 9.9 Poa Tr Cotula Tr
20-30 270 B.9
40-59 308 11.2
9.0
13/11/85 0-1 11460 32.5% a3/128 Mixture persists.
1-5 1957 19.6 Flowering nearly finished.
5-10 736 12.0 Hayving off.
20-30 RED] 8.2
40-50 146 11.2
12.9
16/1/86 0-1 27300 2.0 6.12.85 Greem P. vag
1-5 4150 3.6 Polypegon in seed.
5-10 768 1.5 Cotula browning off.
20-30 319 3.0 75% veg. cover. Light
40-50 and dark grey/brown
soil surface.
0.0
6/2/86 g-1 29600 0.0 Little or not green
1-5 4980 .5 vegetation. Perennials
5-10 84 1.2 Heavily grazed. Dry
20-30 212 2.2 surface (dark in appearance)
40-50 186 2.5 pH 5.27 (mean of § surface
samples).
115.4
26/31/86 0-1 50100 27.8 65/160 Responsed to rainfall. Some
1-5 13900 17.6 germination - heavily grazed.
S-1C 8435 12.1 surface.
20-30 796 15.4
40-50 628 14.1
4.8
28/4/86 o-1 23800 16.7 96/144 Goad response to rain
1-5 5330 16.5 persisting heavilly arazed
s5-10 397 9.7 annuals and perennials -
20-30 383 1c.¢ some bare soil.
40-50 362 11.0
84.4
5/6/86 0=1 6150 46.1 104/142 50% bare, very wet P. wvag
1=5 1330 23,5 regrowth some algal
5-10 766 16.0 mat.
70-30 666 16.1
40-%0 Too wet to sample
282.6
19/8/8B6 0-1 1820 49_8 B1/110 Very wet - variable cover
1-5 678 29.1 P. vag H.,gen Cotula
3=10 602 22.5
20-30 549 17,3
40-50 - - Teo wet
7.0
16/1G/86 0=-1 1730 40.5 89/127 5ite inundated.
1-5 933 20.5 Polypogon 40% Cyperus 20%
5-10 980 19.9 Cotula 15% P. vag 25%
20-30 - - Too wet Ground cover extends over
40=-50 - - Too wet 80-90% of surface.
Cotula flowerina.
33.0
2/2/87 0=-1 24,400 13.2 17/106 Some green P, vag,
1-5 1,610 7.4 Palypogon and Cotula.
5-10 412 5.8
20-30 301 4.6 Pt -
40-50 281 4.7 =
- 15.5
3/4/87 0-1 34,000 28.5 911/151 Grazed (artif.) regrowth
1-5 15,000 13.7 of P. vag.
5-10 5,000 9.5
20=-30 363 6.5 .
40-50 312 8.7 light rain affect
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SITE ‘EIGHT.

This site is in an upper-slope, tributary valley saline seep
position adjacent to site 7 and although fairly saline still
supports a moderate grass pasture. There was mostly hordeum (85%)
(H. gen) dominance, with the remainder being cotula and minor
succulents. 40% of the surface material is organic matter.

Horlzon Depth - cms Description — Dy 5.82

Al 1 0-5 very dark grey (10 YR 3/1) organic sandy
loam, pH 5.5, clear change to

Al 2 5-10 dark grey (10 YR 4/1) gritty loamy sand, sharp
change to

A2 10-60 light grey (10 YR 7/2) slightly clayey sand
(bleach) with few small Fe gravels, sharp
change to

B 60 — light brownish grey (10 YR 6/2) mottled

brownish yellow (10 YR 6/8) gritty medium clay
with few small Fe gravels, pH 6.5,
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SITE B DEPTH (CMS) EC MIR DRY FM RATNIALL VEGETATION
DATE {1:5) % MOISTURE v SINCE PREV.
ms, cm SAMPLING
15/16/85 C-1 2440 34.0 43/69 4.6 mm H. aen 89% Cotula S
1-5 1600 24.6 Folypogon Tr Lythrum 10%
5«10 107 12.8 Wimera Tr
20-30 242 12,2
40-%0 213 10.0
7.6
2B/10/85 Ol 4480 36.8 45/55% H. agecn 40%  Cotula Tr
1-5 624 16.6 Polypogon 40% Lythrum 10%
S-10 322 13.3 Wimera 10%
20-130 286 12.1
40-50 166 11.8
9.0
13/11/85 0-1 6175 30.8 45 /56 Mixture persists.
1-5 1115 16,1 Flowering finishing.
5-10 410 9.0
2030 217 6.5
40-50 163 8.7
12.9
16,1 /86 0-1 12100 19,1 6,12,.85 Dense, tall stand-
I-5 3430 24.7 ing rank dry grass. Polydogon
5-10 167 5.1 + Hordeum sp. slichtly
20-30 235 5.2 green ftinge still remains.
40-50 ’
0.9
6/2/86 o0-1 £1700 3.8 Dense dry hayed off grass
1-5 11740 5.6 PH 5.5% {mean of 5 surface
5-10 192 4.9 samples}.
20-30 115 5.5
40-50 104 6.5
115.4
26/3/86 0-1 16200 1.2 44 /60 Dense mat of uynarazed
1-3 2150 15.6 grasses. Some germination.
5-10 2213 8.0
20-30 256 8.3
40=-50 243 11.3
4.8
28/4/86 0-1 131300 20.3 44/59 Dense residual vecetation
1-5 1330 16.2 with good ¢ermination,
5-10 191 6.9 - no germination.
20=30 151 8.8
40-50 186 10.6
B4.43
5/6/86 0-1 2740 46.6 Dense residual rank headed
1-5 647 22.1 grass with good new growth
5-10 536 17.1 of grasses. No bare seil.
20-30 442 16.¢
40-50 Too wet to sample
282.6
19/8/86 0-1 1600 68.5 59/75 Very wet - some patchiness
1-5 66 31.5 residula grass - H. gen,
5-10 408 26.4 Cotula
20=30 - - Too wet
40-50 - - Too wet
57.0
16/10/86 0-1 1120 €0.6 63/79 Site inundated.
1-5 498 25.8 H. gen 95% Wimera 5%
5-10 400 23.4 Lithrum Tr.
20-30 - - Too wet H. gen in seed. Dense
4C-50 - - Too wet ungrazed matt aof vcg.
53.0
i/2/87 0-1 34,500 10,1 38/44 Dense dry hayed-off
1-5 1,029 5.8 pasture - ungrazed.
5=10 137 4.4 Grass and succulents
20-30 122 5.6 mixed.
40-50 139 7.0
‘,‘1‘,‘5 .,5 .
/4787 0-1 19,700 21.5 44/50 Dense grass debris.
1-5 4,600 7.4 Grazed (artif.). Some
5=-10 79 4.8 per succulents on north
20-30 8.2 4.8 end.
40-50 93.3 6.5

-
light rain affect
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APPENDIX THREE

common name

Soft Brome
Cotula

Capeweed

Sedges

Geranium

Barley Grass
Barley Grass
Wimera Rye Grass
Wild Oats

Salt water couch
Wintergrass
-Annual Beard grass
Puccinellia
sSpurry
Sub-clover
Haresfoot Clover

Silver grass

Genus, Species

Bromus mollis

Cotula australis

Cryptostemma calendula

Cyperus Spp

Erodium botrys

Hordeum geniculatum

Hordeum leporinum

Lolium rigidum

Aristida spp

Paspalum vaginatum

Poa annua

Polypogon monspeliensis

Pucecinellia ciliata

Spergularia Spp

Trifolium subterraneum

Trifolium avense

Vulpia Spp

in tables

Brome
Cot
C/weed
Cyp
Erod
H. gen
H. lep
Wimera
Aris
P. vag
Poa
Poly
Pucc
Sperg
Clov
Hfce

Vulp
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APPENDIX FOUR
OPTICAL LAYOUT OF SPECTROPHOTOMETER

Figure 4 shows an optical layout of the Model 340 Recording
Spectrophotometer. Light emitted from the light source (W or 02)
is reflected by mirror Ml, and ferms an image on entrance slit
Sl' After passing through entrance slit sl, the light beam is
reflected by plane mirror Mz' and made almost parailel by
collimator Ma, and directed to prism P serving as the firstc
monochromater. The beam dispersed by the prism is converged by
collimator M3’ reflected by plane mirrors M4 and MS, and then
focused on intermediate slit 52. The second monochromator is
composed of collimator Ms and diffraction grating Gl or GZ'
and the desired monochromatic light is obtained at slit S3.

Two diffraction gratings are employed according to the
wavelength region, one of 1440 lines/mm for ultraviolet to visible
regions (190 — 850 nm), and the other of 600 lines/mm for near
infrared region (880 -~ 2600 nm). The one guartz prism covers a
wavelength range of 190 to 2600 nm. For driving these dispersing
elements, a feed screw and a sine bar are employed for the
diffraction gratings, and two cams are employed for the prism.

The monochromator from exit slit 83 is alternately reflected
Lo plane mirror M7 or continues straight to plane mirror M8 by
the rotating sector mirror Sel. The beam which alternately passes
through the sample side and reference side repeats reflection and
straight advance by sector mirror Se2 which rotates synchronized
with sector mirror Mg and then focuses onto the detector by
condenser mirror Mlo. The detectors are a photomultiplier for

ultra-violet to visible regions, and a PbS cell for near infrared

region.
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6 4 1.
S, o
G, /G M Sample | Se,™

2 Chamber PbSC{‘

Figure Twenty-one.
Spectrophotometer.

Optical layout of the Hitachi 340

PM
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APPENDIX FIVE

SPECIFICATIONS OF PORTABLE FIELD SPECTRORADIOMETER

Wavelength range:

Detectors:

Field of View:

Samples per Spectrum:

Time per $pectrum:

Modes of Operation:

Telescope module:

Scanning module:

(per Geoscan Pty Ltd)
3 segment OCLI filter wheel. Segment ranges
(nanometers) and resolution {delta lambda

over lambda) are:

Segment Range Resolution
1 400 - 700 3 per cent
2 680 — 1200 3 per cent
3 1300 - 2500 1.5 per cent

Two colour (Silicon over Lead Sulfide.)

2 degrees

256

3 seconds

(i) Radiance. Digital voltages represent
uncalibrated radiance.

{11} Reflectance. Digital voltages represent
reflectance of target, relative to
either a barium sulphate target, or to a
PTFE translucent screen.

The telescope is an F/2 Newtonian telescope,

with a 15 cm focal length spherical primary.

Focused radiation from the telescope module
passes into the scanning module, through a
1000 Hz chopper and the OCLI circular
variable filter (CVF) onto the two colour
silicon over lead sulphide detector. Signals

from the two



Controller module:
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detector elements are preamplified in
separate amplifiers and then second stage
amplified through amplifiers whose gains and
offsets are digitally selectable. The CVF is
driven by a stepping motor geared to an

annular gear around the CVF. One spectrum

consists of 256 steps.

The controller module, immediately below the
scan module, contains the Za0-based
microprocessor controller, the bubble memory,
the controller for the ligquid crystal
display, and the second-stage amplifiers and
analogue-to-digital ceonverter board. On the
back end of the controller ﬁodule, a
customized keyboard allows entry of commands
for recording, displaying and storing
spectra. The liquid crystal display module
on the back of the combined unit functions as
a display unit for the processor, and as a

graphical display for spectra.
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APPENDIX STX
THE MCDULES AND SPECIFICATIONS FOR THE

GEOSCAN MULTISPECTRAL SCANNER

The scan mirror module, which has a 150 mm aperture, 45
degree mirror which can be rotated at speeds between 0 and
10 ¢ps. This variable-scan speed, which is controlled by
the system processor, allows imagery to be acquired between
altitudes of 3,000 and 10,000 feet {approx. 1000-3000 m)
above terrain.

An £/2.3 ball-Kirkham telescope, with a dichroic
beamsplitter for separation of the sho;t—wave infrared
(SWIR), and the thermal infrared (TIR). The visible
portion of the energy is reflected from a 45 degree mirror
prior to the telescope, using the "dead space"” due to the
telescope secondary mirror.

Three dispersion/detection modules, consisting of strings
of dichroics and induced transmission filters for
dispersion, and discrete detectors. The detectors for the
visible region are silicon photodiodes; for the SWIR
region, Judson Infrared Indium Antimonide (Insb); and for
the thermal IR, Judson Infrared Mercury Cadmium Telluride
(MCT). The InSb and MCT detectors are cooled using Joule
Thomson generated liquid nitrogen. Preamplifiers for the
detectors are built inte their respective modules.

The stabilizing ring, which corrects the system for pitch
and yaw variations, up to 15 degrees in each axis. Any

rell variations are corrected by varying the sampling times



{v)

(vi)

{vii)

{viii)

{ix)
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for each scan line. Attitude reference for the pitch and
roll axes 1s provided by a vertical gyro. For the vaw axis
an integrating gyroscope is used.

The electronics censole, which consists of a rack with a
bank of gain/offset amplifiers, a rack centaining the
system processor t(a Motorola 68010 microprocessor),
interfaces to the scan and attitude systems, a disk
interface, a streaming tape drive interface, an analogue-to-
digital converter bank, memory beards, an image processing
controller, and a system status display. Analogue
electronics, controlling the pitch and yaw servo systems,
and the mirror speed control, are mounted in the third rack
in the console, with all system power sﬁitching and fuses
in a separate panel. Stabilized power is'provided using

switching power supplies mounted on the back of the

‘electronics console.

The Priam 168 megabyte Winchester disk.

A Cypher streaming tape drive, for backing up the data onto
1600 bpl computer compatible tapes.

A l4-inch Mitsubishi high resolution monitoer for real-time
interactive display.

A customized 24 volt to 240 volt AC inverter.

This scanner is considered as a prototype for future scanners.

The planning of the MK2 scanner is already well advanced and has

significant improvements incorporated into its design which will be

relevant research into spectral band selection. The new scanner

willl record any 8 of 32 narrow bands evenly spaced between 400 and

1000 nanometers, it has 8 strategically-placed bands, for
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mineraleogical discrimination, in the SWIR between 1980 and 26G0
nanometers, and 4 bands in the thermal region. It also has the
capability to record bands, with interchangeable modules, between
1400 - 1800 nanometers and between 3000 - 5000 nm. The scanner will
be fitted into a pressurised aircraft enabling flying heights up to
10,000 metres, giving a spatial resclution between 3 and 20 metres,
and field of view of gzé. This is accomplished with 2.95
milliradian I.F.0Q.V. with 2.1 milliradian pixel spacing, covering a
ground swath 768 pixels wide. The data will be recorded onto two,
330 megabyte winchester disks giving 540 megabytes of useable
storage. This 1s backed-up onto two, 4od-megabyte laser disks, thus
doing away with the tape drive.

Pitch and yaw will be compensated stabilizedkmechanical gyro
mount, and roll is removed electronically. A Doppler navigation
system linked to the recording system will provide location as welil

as ground speed and drift.
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