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Abstract

Australia’s water resource systems are suffering from excessive diversion of surface
flows with adverse effects on the riverine environments now becoming clearly
evident. The capacity of water managers to achieve current reform aims whilst
minimising impacts on rural communities will be improved with the aid of new
technologies and decision-making processes. Seasonal climate forecasting (SCF)
based on the relationship between the El Nifio-Southern Oscillation phenomenon
(ENSO) and streamflow is a technology that may play a part to improving the
management of river-flow regimes providing benefits to both extractive and non-
extractive (environmental) users of water.

This research uses a case study to test the use of SCF information in managing access
to one component of irrigation water supply in the Border Rivers catchment in the
northern part of the Murray-Darling Basin in eastern Australia. The aims were two-
fold including developing an appropriate methodology and modelling framework that
is transferable across a range of locations and evaluating the efficacy of seasonal
climate forecasting information. A modelling approach tested water access rules by
simulating both economic and environmental outcomes. These outcomes were
analysed using a trade-off analysis based on the production possibility frontier (PPF)
in conjunction with the Pareto principle whereby the SCF information would be
considered efficacious if its use improved environmental outcomes without economic
costs or visa versa.

Although seasonal climate forecasting has progressed significantly in recent years,
there appears to be of little use of seasonal climate forecast information in catchment
water management decision-making. Forecast accuracy, or the perceived lack of
forecast accuracy, is cited as a key impediment to the uptake of forecast information
in decision-making, despite the efforts of researchers to statistically validate forecast
systems.

The research findings indicate that the use of SCF information was sufficiently
accurate to improve economic outcomes without negatively impacting on
environmental outcomes. In addition, an improvement in forecasting accuracy would
further improve economic outcomes without major impacts on environmental
outcomes. The increase in economic outcomes from using seasonal forecasting
information are small relative to the total regional gross margin produced by the case
study area in the absence of the SCF based water access rules for irrigation. This
suggests that the study findings may not be of sufficient scale to convince decision-
makers to adopt the information to assist in managing water access.
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1. Introduction

This thesis considers whether or not weather forecasting techniques can be used to
improve outcomes from the management of water resources. I develop a forecast-
based water allocation model and test this in a case study region to assess the
outcomes of using seasonal climate forecast information in setting water access rules
for a part of the irrigation water supply. Both economic and environmental outcomes,
in line with the aims of the post-1995 water reform process in Australia (ARMCANZ
1995), are assessed.

This chapter reviews the drivers of water reform and identifies the underlying
environmental and policy problems. A brief explanation of the mechanisms and aims
of the policy response and challenges follow with an introduction of the rationale for
the use of seasonal climate forecast information as one policy response. Finally, the
research aims and hypothesis are identified.

1.1. The Origins of the Policy Problem

Until the early 1990s, the intention of water policy in Australia was to provide cheap
and abundant water to nearly all users. The development of infrastructure for
irrigated agriculture, the largest sectoral user of water by 79 percent of the volume
stored (Schofield et al. 2003, p. 8), was seen as the means to manage the variable
climate and the resulting intermittent water supplies (Tisdell et al. 2002). Water
storage infrastructure (e.g. dams, weirs) provided a reliable water supply, thus
ensuring more consistent and higher agricultural yields. The consequence was higher
and more stable incomes for agricultural producers, which had subsequent positive
economic effects for these regions.

The main beneficiaries of this policy have been farmers by enabling them to convert
from dryland to irrigated farming with flow-on benefits for input industries and
output-processing industries (Godden 1997). The cheap water policy ignored the
willingness-to-pay of users and was justified (implicitly) on market failure and
regional development grounds (Godden 1997; Productivity Commission 1999;
Tisdell et al. 2002). There is however, increasing competition for water from
domestic suppliers, manufacturing, mining and the government, acting as an ‘agent’
for the natural environment.

Water is managed at a range of scales — basin, catchment, scheme, river reach and
farm level - by a multitude of organisations and individuals. Of the 24,909 gigalitres
of water consumed by the Australian economy in 2000-2001, agriculture was
overwhelmingly the largest user consuming 66.9 percent or 16,660 gigalitres. Other
users included the household sector at 8.8 percent, water supply, sewerage & drainage
services at 7.2 percent, the electricity and gas supply industry at 6.8 percent,
manufacturing 3.5 percent, mining at 1.6 percent and a range of smaller users at 5.2
percent (Australian Bureau of Statistics 2004, p.17). With urbanisation, there is
demand for secure domestic supplies, while some argue that water might add more
net value to mining and manufacturing production than to agriculture (Roberts et al.
2006). The actual and potential trade-offs between consumptive uses are however, not
considered in this thesis. The concern here is with the trade-off between water used in
irrigated agriculture and that retained for environmental flows.



The policy problem here is how to manage the apparent over allocation of water for
consumptive users, in this case irrigators, which has led to environmental degradation
(Quiggin 2001; Roberts et al. 2006). Returning more water to river systems may
improve environmental outcomes, but it could also reduce national and regional
outputs. All of the potential trade-offs are brought into sharp relief by the prospect of
an overall reduction in supply due to climate change (Murray-Darling Basin
Authority 2009). The overarching mechanism for the management of water is
government allocation amongst competing users. Under the Australian constitution,
the allocation of water resources is the responsibility of state governments (The
Australian Government 2005). This was clear, for example in the Victorian
Irrigation Act of 1886 which defined control of water by the state and led to the
centralised role of state authorities in the allocation of water (Tisdell et al. 2002).
While in practical terms, as noted by Lloyd and Howell (1993), management of water
is influenced by all three levels of government, the final allocation amongst users is
made by the states.

States’ allocations have historically been carried out in a largely administrative ad
hoc manner, on a first-come, first-serve basis with little allowance made for the needs
of the environment (Johnson and Rix 1993). Indeed, the role of state governments in
water management has tended to be one of infrastructure developer and
owner/operator of large-scale urban and rural supply schemes (including irrigation)
(Tisdell et al. 2002). When combined with pricing structures that have not reflected
the scarcity and true value of water, there has been over-allocation of water to
consumptive uses. The results of this are now becoming evident.

Australia is the driest inhabited continent and has amongst the highest variability,
both spatially and temporally, of rainfall and streamflow (Arthington et al. 2003;
Chiew et al. 1998). Finlayson and McMahon (1991) showed that Australia has an
annual streamflow coefficient of variation of more than 70 percent considerably more
than most other continental areas. North Africa has 31 percent, Europe 29 percent,
North America 35 percent and, the exception is southern Africa at 78 percent. These
characteristics are one of the reasons behind the high level of water infrastructure
development, which has led to Australia having the world’s highest per capita water
storage capacity (Arthington et al. 2003). Despite this infrastructure development,
Australia’s water supply continues to be variable, as is production from the major
user of water, irrigated agriculture (Podbury et al. 1998).

A simple example of the variability in rainfall for Goondiwindi, located in the centre
of the study area, is given by Figure 1.1 which displays the variability of rainfall
around the 50 percentile or median. For instance in January the median monthly
rainfall over the historical record 1879-1998 is 65 millimetres. The box plot
highlights that in 80 percent of years at least 28 millimetres of rain is received while
in 20 percent of years 135 millimetres falls. Of the outliers the lowest on record for
the month is 3 millimetres whilst the highest rainfall received on record in January
was 420 millimetres. When considering each of the months it is evident that even at
the monthly scale there is considerable variation between months over the year and
within months. This variability is also reflected in streamflow, as shown by Figure
1.2 which illustrates the box plot for monthly streamflow at Goondiwindi.
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Figure 1.1: Probability of monthly rainfall for Goondiwindi (1879-1998).
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Figure 1.2: Probability of Monthly gauged streamflow of the Macintyre River at
Goondiwindi 1950-1993.

In addition to this variability, the impact of future climate change on streamflows and
consequently water availability, is a likely complication. Warming of the earth’s
climate system is expected to lead to reductions in rainfall and further increases in
both variability and, potentially, intensity (Allen Consulting Group 2005; New South
Wales Government 2007). This impact is not expected to be localised with climate
change modelling indicating that severe droughts and floods will occur in many of the
major river basins of the world as a result of climate change (Tarlock 2000).

In the Border Rivers catchment, the impact of climate change on water availability
has been studied by the CSIRO in the Sustainable Yields Project (New South Wales
Government 2007). The study estimated impacts on water availability under a range
of scenarios including future climate at current levels of water infrastructure
development, as well as future climate and future water infrastructure development.
A number of global warming scenarios from low to high warming were also
considered. The conclusion of the study was that runoff is more likely to decrease
than increase, although a number of scenarios do indicate the potential for an increase
in runoff (New South Wales Government 2007).

The most likely estimate (median) climate 2030 scenario indicates a 9 percent
reduction in annual runoff with water availability reduced by 10 percent and
subsequently a reduction in end-of-system flows by 12 percent and total diversions by
2 percent. Under the more extreme scenarios, runoff ranges from a 28 percent



reduction to a 20 percent increase for the high global warming scenario. A 9 percent
decrease and 5 percent increase in average annual runoff is projected for the low
global warming scenario. In addition to the impacts on runoff and water availability
(i.e. volume), the study concluded that changes were also likely for the frequency of
events with periods between rainfall events increasing (New South Wales
Government 2007).

Consideration of future water supply availability is placed into context by examining
the history of water resource development and the current issues. Randall (1981)
describes the transition of the Murray-Darling Basin from an expansionary phase to a
mature water' economy through the 1960s and 1970s. At the same time, there has
been a shift in the awareness and values of some sections of society away from
developing natural resources at any cost, where the aim was to exploit natural
resources. Now the impacts of resource use on the environment are questioned,
leading to a shift in the thinking of governments away from ‘developmentalism’
(Godden 1997).

By the 1970s there was general awareness of the pollution and salinity problems in
the Murray river and The Murray-Darling Basin which led to a failed inter-
governmental agreement on management of the system in 1981 (Walker 1994). The
externalities involved, and other mature water economy problems, led to increasing
costs to government, through the need to replace aging infrastructure. In an
environment where governments were pressured to reduce public debt, these were
catalysts for the signing of the Murray-Darling Basin Agreement in 1987 (MDBMC
1995).  Subsequently the Murray-Darling Basin Commission (MDBC) was
established in 1988 to provide advice to the cabinet level decision-making body for
the Basin, the Murray-Darling Basin Ministerial Council that was created in 1985.
The MDBC initially administered three programs which were developed between
1988 and 1993: the Salinity and Drainage Strategy; the Natural Resource
Management Strategy; and the Nutrient Management Strategy (Walker 1994). These
were followed by the revised Murray-Darling Basin Agreement that was given legal
status by the Murray-Darling Basin Act in 1993. In parallel with this, research in the
late 1980s and early 1990s concluded that both high extraction rates and methods of
water use were producing considerable damage to riverine environments (MDBMC
1995).

There is now strong evidence that Australia’s riverine environment is becoming
increasingly degraded and that a major cause of this is the expansion of water
infrastructure development for consumptive purposes, while there is a limited
understanding of potential environmental risks (Quiggin 2001; Tisdell et al. 2002;
Schofield et al. 2003). This degradation is manifest in a range of physical and
aesthetic problems including increased loss of habitat and species, poor water quality
and decreases in environmental amenity (Quiggin 2001). In the Murray-Darling
Basin, the most productive agricultural area in Australia, diversions have been
growing rapidly since 1950 (Figure 1.3). Fostering regional economic development

" Quiggin draws on Randall (1981, p.73) defining the expansionary and mature phases of water
economies, see Appendix A .



was a key driver for this development (Tisdell et al. 2002; Godden 1997; Productivity
Commission 1999).

The significant decline in the river health and the environment was eventually
acknowledged. In 1995 the Murray-Darling Basin Ministerial Council audit of water
use in the Basin concluded that regulation and water diversions had “reduced the

variability and changed the seasonality of flows in some parts of the Basin”
(MDBMC 1995, p.4).
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Figure 1.3: Growth of water diversions in the Murray-Darling Basin.

These changes resulted in a number of environmental problems and symptoms
including:



. . . )
e increases in “drought-like flows™”

20 years to 1 in 6 years;

e salinity of the Murray River at Morgan had increased by 10.5 EC® from the
1988 level of 537 EC since 1988;

e a reduction in the frequency of inundation of floodplain wetlands which has
negatively affected the ability of these wetlands to filter and recycle nutrients,
and to provide breeding areas for native flora and fauna;

e increased potential for blue-green algae outbreaks; and

e decline in native fish populations. For example, by the early 1990s the
commercial native fish catch in South Australia had decreased by more than
80 percent since the 1950s (MDBMC 1995).

The conclusion from the MDBC audit report was that the likely impacts of
consequential environmental damage would include loss of agricultural productivity,
significant social adjustment to this production decline and a significant impact on
river ecology and biological diversity.

at the mouth of the Murray River from 1 in

1.2. Addressing the policy problem

The findings of the 1995 audit galvanised the change in direction of water policy in
the 1990s through the Council of Australian Governments (CoAG) and National
Competition Policy (NCP) reforms and the Murray-Darling Basin Agreement. In
1995, the Agricultural and Resource Management Council of Australia and New
Zealand® (ARMCANZ) adopted a strategic reform framework aimed at addressing
the sustainability problems of the water industry (ARMCANZ 1995; Quiggin 2001).
At the same time, the Murray-Darling Basin Commission began the process of setting
an annual cap on diversions in the Basin. The direction of these reforms was
reiterated in the development of the National Water Initiative which aims to continue
and amend the water policy reforms (Council of Australian Governments 2004).

ARMCANZ (1995, p. 1) identified the goal of water reform as achieving the “highest
and best value of the limited resource for community benefit whilst ensuring that use
of the resource is ecologically sustainable”. Highest-valued use was defined as
including economic returns from consumptive uses and the value to society from
environmental and other in-stream water use. The CoAG, NCP and Murray-Darling
Basin Commission reforms, which explicitly and implicitly link to ARMCANZ, have
two broad aims:

1. to redress certain historical approaches to water policy and alleviate some of
the environmental damage which has resulted largely because of past policy
direction; and

* Drought-like flows refer to flows less than 4,600 GL/year of the Murray river over the Barrages
(MDBMC 1998).

3 EC = Electrical conductivity

* ARMCANZ was a Ministerial Council set up by the Commonwealth and state Governments to
further co-operation and collaboration. It consisted of Australian Commonwealth, state, territories and
New Zealand ministers responsible for agriculture, land and water resources, and rural adjustment
policy issues, (see: http://www.mincos.gov.au/).



2. put in place a series of policies/procedures/management systems that will
facilitate the most efficient use of the water that remains for extractive users’.

These reforms are encouraging the water industry towards ecologically sustainable
water use, combined with maximising the economic value of allocated water for
extractive uses.

To achieve these goals there is a need to first understand the relationship between the
environmental and economic outcomes from using water for consumptive purposes.
This is central to the policy problem as it is generally accepted that increasing use for
consumptive’ purposes has translated into poorer environmental outcomes (Quiggin
2001). There remains however some uncertainty as to the form of this relationship.
For example is it linear in that increasing use for consumptive purposes produces an
increasing loss of environmental outcomes, i.e. environmental health, which is
constant? An alternative may in fact occur where up to a point the use of water for
consumptive purposes produces only minor or what may be considered acceptable
decreases in environmental outcomes to society. Once a certain point or range of use
is reached the decreases in environmental health may increase dramatically and reach
a point that society is unwilling to accept. There are of course a considerable number
of forms that this relationship may take with the underlying competitive relationship
an accepted fact.

Determining the nature and extent of this trade-off relationship is a complex task
involving not only knowledge of what environmental health means, what effects it
and how to measure impacts on health. In addition mechanisms or methods need to
be developed to explore how the relationship between resource use and
environmental health changes over different levels of use. While these represent on-
going research questions there is a general assumption that a trade-off exists and
without attempting to answer the above questions we can make some explorations
into the trade-off relationships.

Second to ensure society is able to make decisions on what levels of outcomes are
acceptable we must be able to measure these outcomes and assess the costs and
benefits of allocating water to production of varying levels of each of these outcomes.
Therefore, assessment of the costs and benefits of alternative river management
arrangements is critical to the ability of governments to gain acceptance of, and
implement, new arrangements. For example the support by stakeholders such as the
irrigation community of any new management regime to fulfil the policy aims
outlined above will rest on the size of any impacts, such as decreased profits, and
whether those impacts can be minimised if they are negative. These costs (negative
impacts) and benefits (positive impacts) have a number of components covering the
spectrum of social, economic and environmental.

> Water extracted for use from rivers by pumping or gravity channels where the water is used to attain
an economic return (definition developed from (National Water Commission 2008) and (Tisdell et al.
2002).

¢ Consumptive use: “Use of water for private benefit consumptive purposes including irrigation,
industry, urban and stock and domestic use” (Kollmorgen et al. 2007, p. iv)



Social impacts in themselves relate to a broad range of factors but often are taken to
include distributional effects measured using indicators such as employment impacts
and social cohesion (United States Environmental Protection Agency 2000; Murray
Darling Basin Commission 2004a). Economic costs and benefits to be considered
include the costs or benefits to the immediate users of water and the flow on impacts
to the regional and broader economy. Methods for assessing the economic costs have
been developed over decades and a considerable number of tools and approaches
exist, each with strengths and weaknesses and varying levels of complexity. At the
most basic level where output from one industry increases without commensurate
decreases in output from another this can be taken to represent a benefit to the
regional economy.

Environmental costs on the other hand relate to the impacts on riverine health for
example changes in riverine habitat and species, water quality and environmental
amenity (Quiggin 2001). In considering environmental costs one should consider the
concept of ecological sustainability which is clarified in the National Principles for
the Provision of Water for Ecosystems — “to sustain and where necessary restore
ecological processes and biodiversity of water dependent ecosystems” (ANZECC
1996, p.5).

The ability to achieve this and measure that we are achieving this hinges on a
common and agreed understanding of the environmental needs of riverine
ecosystems. Again you need to understand the relationships before you are able to
measure. Currently, the science of identifying environmental needs, and the
development of water allocations and flow regimes that maintain or improve riverine
health, are in their infancy. Allan and Lovett (1997) stated that insufficient
understanding of critical ecological processes and their relationship to flows is an
impediment to the development of environmental flow regimes. Arthington et al.
(1998) and Land and Water Australia (2009) note that progress has been made but
that significant gaps in knowledge and conflicting views on the most appropriate
methodologies for developing of environmental flow regimes still remain. The
implication of this is that new management rules which are part of the process to
achieve acceptable levels of environmental health and ecological sustainability are
unlikely in the first instance to be optimal in terms of these outcomes.

Summarising these issues it is clear that achieving the policy goals of ARMCANZ
has a number of inherent problems. A useful way of summarising the problems was
proposed by Schofield et al. (2003) who categorised a number of socio-economic
challenges to improving environmental outcomes from river management as:

1. improving water allocation and water-trading arrangements;
assessing the costs and benefits of increasing allocations to the environment;
3. understanding and managing the impacts of reductions in allocations for
consumptive water use;
4. developing cost-effective ways to enhance environmental flows; and,
improving administrative arrangements for the management of water
allocations.

e

An important consideration in trying to address these challenges is the issue of the
trade-off between outcomes from the use of water which is explicit in the
ARMCANZ goal and underpins each of these challenges. Often when considering



resource use the impact on each of the two outcomes, economic and environmental,
are assessed separately and the trade-offs from different levels of use is implied rather
than made clear. This research uses the notion of the trade-off and at first seeks to
explore how the relationship between economic and environmental outcomes changes
as water is moved between producing the two outcomes that are generally considered
to be competing. Once the trade-off relationship has been identified a number of
seasonal climate forecasting tools are introduced and the outcome of their use is
compared to the outcome of the trade-off analysis to ascertain if the information is
able to improve either economic or environmental outcomes without negatively
impacting on the other.

In undertaking this approach this research tests the use of what might be termed a
new technology, seasonal climate forecasting information, in the context of these
challenges. The research however is restricted to testing whether or not this new
technology can assist in achieving the desired outcomes of the water reform process
by assessing the economic and environmental trade offs at an identified regional scale
from using the technology to control access to a component of the irrigation water
supply which will be explained in later chapters.

To implement the analysis in relation to climate forecasting for better economic and
environmental outcomes, I propose a multidisciplinary approach that combines
climatic, hydrologic, agronomic, economic and environmental disciplines to evaluate
impacts from change to water resource management options. Scenario analysis is
used to assess if the use of a new technology can improve water allocation such that
production can be maintained while environmental flows are increased. This is can
the trade-off effects between economic and environmental outcomes can be
minimised.

1.3. The Research Problem

The concept of environmental flow management (which identifies river flow as
critical in maintaining river health) has emerged as a central component of new
approaches to water management (Tharme 2003). Despite the lack of appropriate
scientific knowledge, there remains a need to initially develop management
procedures in the short-term to achieve the longer-term goal of ecological
sustainability. This was recognised by the National Principles for the Provision of
Water for Ecosystems noting in regard to managing environmental water that
“monitoring is required to ascertain how adequately the objectives of environmental
water provisions are being met, and hence to enable adaptive management to be
implemented” (ANZECC 1996, p. 15). More recently Arthington et al. (2006)
propose that adaptive management can be used in the first instance to set
environmental flow targets that are then validated and changed where necessary as
new knowledge is developed. This may be achieved using a range of mechanisms
including administrative arrangements, water trading and management regimes.
Within this range of mechanisms lies the potential to augment management regimes
with additional knowledge by forecasting water flows.

Seasonal climate forecasting (SCF) provides information on the hydrologic impact of
climate variability which may assist in water management decision-making
(Changnon et al. 1986; Chiew et al. 2000). It is now accepted that there is a
significant relationship between the EI Nifio-Southern Oscillation phenomenon
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(ENSO) and rainfall and streamflow variability in many parts of Australia,
particularly north-eastern Australia (Chiew et al. 1998; Abawi et al. 2001). The
influence of the ENSO phenomenon is not restricted to Australia and has been linked
with variability in the wider regional and global climate (Latif et al. 1994). The
ability to use this knowledge to forecast both rainfall and streamflow is becoming
increasingly recognised (Stone et al. 1992; Chiew et al. 2000; Abawi et al. 2001).
However, the adoption of this knowledge into water allocation management remains
limited.

The uptake of SCF information by water resource managers in general has been
extremely limited, and non-existent in the management of environmental flows (Long
and McMahon 1996; Hartmann et al. 2002; Callahan et al. 1999). Examination of the
impediments to using climate-forecast information for water management suggests
that both forecast characteristics and institutional factors are responsible, highlighting
a complex interplay between scientific and policy factors (Long and McMahon 1996;
Pagano et al. 2001; Hamlet et al. 2002; Hartmann et al. 2002). Opportunities for
incorporating seasonal climate forecasting (SCF) into environmental flow
management do however exist. The opportunities for SCF arise from the ability to
use SCF to forecast the variability of flows in coming periods and to enhance the
management of rivers to meet both consumptive and in-stream’ requirements.

Over time, two factors can lead to changes in the ability to make use of SCF
information in water management decision-making: improvements in forecasting
ability, and, alterations to water management regimes that permit the use of forecast
information in decision-making. The approach of this study is to develop a trade-off
analysis based on the concept of the Production Possibility Frontier and the Pareto
Principle to test whether certain seasonal climate forecasting tools are able to be used
in environmental flow management decision-making and produce desirable
outcomes. This approach allows for the analysis of changes in the two variables,
where only one can be easily measured, in this case consumptive values.

1.4. Hypotheses

Based on the policy and research issues outlined above, this research will test two
primary hypotheses nested within the aims outlined below.

Aim 1: Develop the trade-off methodology and modelling framework for examining
the impact of applying three ENSO based SCF tools to flow management on both the
regional economy and the health of the riverine environment of the Border Rivers
Catchment (BRC).

7 In-stream use: “The use of freshwater in situ (for example, within a river or stream). Can include
recreation, tourism, scientific and cultural uses, ecosystem maintenance, hydroelectricity and
commercial activities, and dilution of waste. The volume of water required for most in-stream uses
cannot be quantified, with the exception of hydro-electricity generation” (Kollmorgen et al. 2007, p. v)
(National Water Commission 2008). In this study in-stream use is restricted to ecosystem
maintenance.
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Aim 2: Evaluate the efficacy of using three ENSO based SCF tools in environmental
flow management in the Border Rivers Catchment.

o Hypothesis 1: The use of any of the three seasonal climate forecasting tools
based on the El Nirio-Southern Oscillation phenomenon to manage off-
allocation water access by irrigators will increase the regional economic
output of irrigated agriculture and/or produce conditions that will lead to
improved riverine environmental health in the case study catchment.

e Hypothesis 2: An improvement in forecasting accuracy will increase the value
of crop production and environmental flows to levels above those prevailing
under the use of the identified forecast tools.

The testing of these hypotheses will be undertaken within a framework that examines
the trade-off between economic and environmental outcomes that are specifically
defined in chapter 4. The methodology also includes consideration of sensitivity
analysis of results for key parameters.

1.5. The study site

The Border Rivers Catchment (BRC) in the northern part of the Murray-Darling
Basin was selected as the site for this study because it fulfilled a number of
requirements that make the study possible. As noted in the introduction, a key aspect
of the study is the consideration of the economic and environmental impacts of using
SCF information in water resources management. The study site therefore needs to
be one that has the requisite information to allow this analysis to be undertaken.

In the first instance there needed to be a hydrologic model available that can be
configured to test the use of SCF in decision-making. As the BRC is a catchment
where water planning activities in NSW and Queensland have been underway, such a
model has been developed. In addition, to minimise the need for an overly complex
economic assessment model which has to account for a large number of industries
and usage methods, a catchment where the major water user is one industry,
dominated by one crop, was preferred. In the BRC, irrigated agriculture accounts for
some 98 percent of water diverted (see Table 3.2), irrigated cotton is the largest single
irrigated crop grown and it accounts for the majority of irrigated water used. Finally
water planning activities undertaken in the BRC have included the consideration of
the impacts of water use on environmental outcomes. This facilitates the assessment
of environmental impacts from using SCF information. The study site is more fully
discussed in chapter 3 of the thesis.

1.6. Thesis structure

The remainder of the thesis is split into six chapters covering the literature review,
study area, methodology, results, discussion and conclusions. In the literature review
(chapter 2) the implications of the need to consider economic and environmental
impacts in regard to the study aims are considered. Approaches to assessing impacts
on these aspects separately and jointly are subsequently canvassed. Finally the use of
SCF information in the management of agricultural and water resources is assessed.
The literature review, combined with the information on the study area (chapter 3),
provides the basis for the development of the methodology (chapter 4). This begins
with an overview of the modelling framework followed by details of the individual
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model components. The final sections of chapter 4 cover the integration of the model
components into the modelling framework and the development of the scenarios
tested in the research.

Presentation of the results (chapter 5) is in three sections. First, results of the non-
SCF scenarios are reported and second, the validity of the model against expected
results is assessed. The final section covers the results of the scenarios incorporating
the SCF information in decision-making. The results are then discussed in relation to
their inferences for the study aims and hypotheses (chapter 6). The implications of
the results for adoption by water resource managers are considered and steps required
to overcome the barriers to adoption identified. The final chapter (7) concludes the
thesis by summarising the contributions to the body of knowledge, identifying key
implications of the methodology on results, and suggestions for future research that
would improve the robustness of results.

1.7. Conclusion

Achieving the goals of water reform in Australia involves a large number of
challenges and will require a considerable range of actions to be undertaken by
players ranging from different levels of government to irrigators. This research seeks
to test whether the use of ENSO based seasonal climate forecasting information
which to date is treated as periphery information rather than necessary information in
water resources decision-making, can play a small part and assist in achieving these
goals. I test the use of ENSO based SCF information to ascertain whether either
environmental or economic improvements can be made without leading to a decline
of either of these outcomes. As these outcomes are typically seen as being
competitive in nature, i.e. an improvement in one outcome is expected to lead to a
decrease in the other, the analysis undertaken focuses on assessing this trade-off and
how the use of SCF information impacts on the trade-off. Because forecasting ability
or skill in relation to streamflow varies spatially it is necessary to conduct this test in
one location, the Border Rivers catchment, using a methodology that can be
transferred to other locations to conduct similar tests. In testing the hypothesis if the
use of SCF information improves the indicators of riverine environmental health
without negatively effecting irrigated production or improves irrigated production
without negatively effecting the indicators of riverine environmental health the SCF
information will be deemed to be efficacious and may assist in overcoming some of
the barriers to the use of this information in water resources decision-making.
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2. Literature Review

Recognition that the continuing increase in the development of water resources to
increase production of irrigated agriculture has produced increasing environmental
degradation has lead to changes in the way water is to be managed in future. In
particular the emphasis has become one of improving water allocation and
management regimes to minimize degradation. A key aspect of this is the
acknowledgment that the environment is a legitimate user of water and that
environmental outcomes from water management need to be measured to assist in
improving management regimes. Considerable challenges remain in implementing
arra