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ABSTRACT

To successfully manage dryland salinisation a coordinated regional management
approach requires implementation. The aim of this research is to establish an
appropriate interactive land classification methodology that identifies key land areas
associated with the problem and then conveys to the end user information regarding
the land classification decision making process. An Expert System (ES), a Geographic
Information System (GIS), remotely sensed information and a relational database

management system (RDBMS) have been utilised to construct the methodology.

Salt Manager represents the software system developed by this thesis to implement
the new interactive land classification procedure. It is a system that conveys
information regarding the expert's decision to the user in both a graphic and textual
format, addresses the problem of data integration and suggests a methodology for
dealing with uncertainty. The Salt Manager system has been applied to a salt affected

region near Jamestown, South Australia.

The case study highlights the new land classification methodology, the powerful data
processing and modelling capabilities and the data acquisition and update facilities.
Weaknesses identified during the knowledge elicitation process and the GIS data
collection process are addressed by the thesis via the application of machine learning
techniques. Resultant methodologies concerning identification of redundant data,
which is surplus to the requirements of the classification procedure, and the discovery

of new domain knowledge are also considered.
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Chapter 1 €

INTRODUCTION

Currently, 300,000 hectares of previously productive non-irrigated soil in South
Australia is too saline to permit growth of the usual crops and pastures (Policy
Development Planning (PDP), 1992). The land degradation problem of dryland
salinisation is considered to be the worst facing both South Australia and Australia.
The problem is not however unique, other countries, such as the USA, Canada, Iran,
Turkey and Latin America, are experiencing similar disturbing trends (Williamson,

1978).

Notably, the estimate of 300,000 hectares represents a significant increase from the
estimates of 225,000 hectares in 1990 and 55,000 hectares in 1982 (State Dryland
Salinity Committee, (SDSC), 1990). The dramatic differences in these estimates give
rise to the assumption that the area affected by dryland salinisation is increasing
and/or that the previous methods of recording salt affected land may have
substantially underestimated the magnitude of the problem. Nevertheless, regardless
of the exact figure, the trend indicates serious problems for land owners and rural

societies in the near future.

Economic losses, stemming from the reduction in productive land due to salt affected
soils, have currently been estimated at A$27M dollars per year (SDSC, 1990). With
projections that at least a third of the Murray-Darling basin in South Australia will be
lost to secondary salinisation within a 30 year period, further production and therefore
economic losses will occur (Barnett, 1990). The long term economic losses are

difficult to quantify.
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Additionally, the social costs of this problem, e.g. how the loss of income in a region
affects the generic small country town, have not been evaluated. As salinisation
occurs on a regional scale, the loss of productive land for whole communities will
eventually have devastating effects on local economies. A national review of salinity
research released in December 1992 noted, "of the 126 projects in the dryland salinity
area funded by national agencies, only three appeared to have a socio-economic focus
..... This neglect seems all the more remarkable when it is noted that all available
evidence shows that the major determinant of success in managing dryland salinity
will be landholder response to the problem (adoption of strategies)” (PDP, 1992, p. 6).
From this comment it is clear that a key ingredient in the problem solution is the
motivation of the landowner and central to this concept is the provision of

information.

Dryland salinisation is a spatial phenomenon, i.e. the cause and subsequent etfects
occur within the spatial landscape. Logically, techniques best suited to determine the
extent of salinisation will therefore employ spatial concepts. Two core techniques
which deal with the acquisition and analysis of spatial information are remote sensing

techniques and Geographic Information Systems (GIS).

GIS and remote sensing techniques developed separately but, over time, due to the
logical compatibility of the two, they have been utilised together. Estes and Holz
(1985) state that remote sensing in combination with the ever increasing functionality
of GIS had "come of age". Recent literature from the GIS domain suggests that GIS is
also moving towards a more advanced phase as it shifts from the initial data
standard/formulation/acquisition phase to the analytical, data manipulation phase
(Goodchild, 1993). An important component within this transition phase is the use of

other analytical techniques such as Expert Systems (ES) (Skidmore, 1990).

It is proposed by this thesis that the integration of software systems such as ES with
GIS systems, which contain remotely sensed and other environmental information,
will provide an advanced analytical method largely independent of traditional

techniques. Moreover, the use of other facilities provided by the ES will allow the
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decision making process to be conveyed to the end user. These techniques will be

applied to the land degradation problem of dryland salinisation.

1.1 MOTIVATION

Reflection on the author's previous research conducted in this area provides an insight
into the approach adopted for the current research. In 1990, the author conducted a
study to determine the physical changes in a salt affected groundwater discharge zone
using remotely sensed satellite imagery (SPOT 1), historical aerial photographs and a
vector based GIS. Changes in the spatial extent of the salinisation were detected by
registering photo-interpreted aerial photographs to a common scale within the GIS
and subsequently initiating areal analysis. To determine the ability of the SPOT 1 data
to discriminate salinisation a multivariate classification procedure was implemented.
At that stage, software linking the output of the image processing system and the
vector based GIS required development.! Although identitying 84.5% of the salt
affected soils, the classification procedure would have been more successtul if other
environmental information had been included. Also, other crucial information, such

as areas of groundwater recharge, could not be determined.

With the realisation that groundwater discharge (where salts rise through the soil
profile to the surface) is only the expression of the problem occurring, it was decided
to attempt to identify both major components of the salinisation process: recharge
and discharge areas. Because the interaction of recharge and discharge is complicated,
a flexible approach that simplifies relationships between ditferent environmental

datasets is proposed.

In the formulation of the methodology for this thesis two central issues were
considered: firstly, the need to identify each component of the salinisation problem

and secondly, the importance of conveying information regarding the land

1 Gary Archer from the South Australian Department of Woods and Forests initiated the software
development.
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classification process to the end user, the landowner. Salt Manager is the system

developed to satisty these two major concerns.

Salt Manager will use heuristic knowledge elicited from dryland salinisation experts
to analyse 13 environmental parameters contained within a GIS and a Relational
Database Management System (RDBMS). The environmental data layers will be soil,
geology, slope, elevation, depth to groundwater, electrical conductivity and a 7 band
Landsat TM image. The result of the analysis will be two land classification maps,
one indicating potential groundwater recharge and the other potential and existing

groundwater discharge.

Using the functionality of the Salt Manager system the landowner will be able to
interrogate the decision making process that has led to either of the two land
classification maps. Information regarding the decision making process will be
presented via the computer screen to the user in three ways: in a textual format,
documenting the rule that led to the classification result; in a graphic format,
displaying a scanned photograph of a representative area; and in the original map
tormat. If the user disagrees with any of the information presented, they will be able
to use the updating facilities provided by the Salt Manager to alter the relevant

environmental information within the GIS and the RDBMS.

The updating facilities will be important, particularly for the environmental parameter
"depth to groundwater". Groundwater will be an influential parameter in the
assessment of potential groundwater discharge. As it is a dynamic parameter it will be
important to collect the information regularly. By providing an updating facility it is
expected that landowners who own land in "risk" areas will be likely to enter the
"depth to groundwater" data from their properties. The assumption is that those
landowners who enter data into the Salt Manager system are more likely to have
confidence in the land classification result presented to them; especially as the
interrogation facilities of the system will allow them to gain an understanding of the
decision making process. This principle of conveying understanding regarding the
decision making process will also apply to those landowners who do not enter data

into the system.
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Machine learning techniques will be applied in this thesis to decipher the
completeness of the knowledge base and to improve system efficiency. Given that the
GIS and the RDBMS will contain a large amount of data, the machine learning
techniques will be also used to isolate relationships between the classification results

and the environmental data parameters used in the decision making process.

1.2 STRUCTURE OF THESIS

To describe the proposed methodology this thesis will be divided into the following 9

chapters.

Chapter 2 provides the necessary background information regarding the conceptual
approach adopted by the thesis. Specifically, the chapter considers the nature of
salinity and the major factors that lead to the formulation of the problem. Traditional
identification techniques will be considered along with the relevant management

options.

Chapter 3 will briefly review remote sensing and GIS techniques and will then

consider the approaches implemented to identify salinisation using these techniques.

Chapter 4 gives consideration to traditional land classification techniques and
proposes, using analytical techniques such as ES, that a new land classification

procedure can be implemented.

Chapter 5 is the first of the sections describing the methodology and results.
Information utilised for the analytical procedure is documented. Specifically, this

chapter considers the acquisition of field data for the study area.

Chapter 6 gives consideration to the design of the geographic database. The chapter is
important as it justifies the data structures employed and provides an insight into the
variability associated with spatial environmental data. A discussion of the computer

software package utilised to model the spatial data is provided in Appendix 1.
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Chapter 7 documents the knowledge acquisition phase. In order to use heuristic
information to analyse the spatial information, the initial heuristic knowledge must
first be acquired and then formulated into a logical system. There are three
components associated with this phase: the initial interviewing process and rule base
formulation; the evaluation of the rules using artificial intelligence techniques; and

conveying the (un)certainty inherent in the decision making process.

Chapter 8 presents the software system, Salt Manager, developed by the thesis and
provides an insight into the tunctionality of the methodology. The chapter is designed
to provide an overview from the user's perspective describing each interactive
function. The Salt Manager system is the result of the implementation of the proposed

methodology.

Chapter 9 verifies and validates the results produced by the Salt Manager system. It
compares the results obtained from field data collected in Chapter 5 to those derived
from the Salt Manager system. An additional experiment, using machine learning
techniques to identify relationships between environmental data and the final

classification task, is also considered.

In Chapter 10 a discussion evaluating the results of the application of the
methodology is carried out. A new land classification procedure is documented along
with comments concerning technical issues, such as dealing with spatial error and
verifying (un)certainty in the Salt Manager system. The chapter concludes by

considering the major issues addressed by the thesis.



Chapter 2

THE NATURE OF SALINITY

Bell (1989) notes that soil salinisation in irrigated soils has been recognised by
humans for thousands of years and claims that this problem probably contributed to
the breakdown of Sumerian civilisation around 2500 BC. In the last 100 years,
human induced salinity in non-irrigated areas has also become evident. Intensive
research into salinisation in Australia commenced in the 1960s and now, in the early
1990s, a great deal of qualitative knowledge has been assembled regarding the

problem.

The role of this chapter is to consider the qualitative information and ascertain why,
after 30 years research, an empirical model explaining salinisation processes has not
materialised. The chapter will first define salinity, then identify the causes and
mechanisms which create saline seepage areas and finally consider management

strategies.

2.1 WHATIS SALINITY?

Salinity is related to the content of salts within soil and water bodies. These salts,
|

when dissolved in water, disassociate into the common cations and anions listed in
Table 2.1.
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TABLE 2.1:  Salinity Ions

I | |
| Cations | Anions |
| i |
| sodium | chlorine |
| potassium | carbonate |
| calcium | bicarbonate |
] magnesium | nitrate |
‘ ‘ sulphate |

Source: Robbins et al., 1991.

The first two, sodium and chloride, account for 50 to 80 per cent of the total salt

content in most of the Australian landscape (Williamson, 1990a).

Historically water salinity measurements were expressed as the total dissolved solids
(TDS) (Bresler et al., 1982). Reflecting a change to summation of the individual
ionic components, the term total soluble salts (TSS)(the total content of salts
dissolved in water) is now utilised (Williamson, 1990a). As a simplified index to
gauge TSS and therefore salinity in water, Scofield (1942) advocated the use of

electrical conductivity (EC).

In North America, EC values are used to define soils that are salt affected but in
Australia, due to the relatively high concentrations of sodium and chloride ions and
hence extreme EC values, this is not common practice (Dowie, 1986). Instead, soil
salinity is defined as the weight of soluble salts in a unit weight of dry soil. Surface
soils are said to be saline when the sodium chloride content exceeds 0.1% for loams

and more coarse textured soil, or 0.2% for clay loams and soils of finer texture (Peck,
1983).

2.1.1 The Origin of Salts in Saline Soils

Australian soils contain high quantities of stored salts, measured in the vicinity of 200

to more than 1000 tonnes per hectare (Williamson, 1990b). These salts may originate
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from the ocean via rainfall, weathering of soil and rock minerals and marine
deposition from earlier geological periods (Williamson, 1990a). In southern Australia
the atmospheric fall-out in the form of rain is considered to be the most important salt
source (Bettenay et al., 1964; Peck and Hurle, 1973). Williamson (1990a) supports
this notion by stating that the input via rainfall has been measured at 300 kg/ha.y-1
near the coast, approximately 30 kg/ha.y-1 250 km inland, and 15 kg/ha.y-! more than
600 km inland.

Considering that the annual rate of removal in even severely degraded catchments is
often much less than 1% of the stored salt in the profile, the solution to the salinity
problem lies, not with controlling the salt storage, but rather by understanding the

mechanisms that move water through the landscape (Williamson, 1990b).

2.1.2 Movement of Salts in the Landscape

Soluble salts that are brought to the landscape are predominantly transported and
redistributed in water. The water movement occurs as a result of:
1) pressure differences, due to water flowing from high points to low
points in response to gravity;
2) moisture differences, where water moves via matric suction from
wetter to dryer parts of the soil; and
3) humidity differences i<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>