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Introduction

A potential crisis is looming in Australia at present due to the implications of  an increasing population and decreasing rainfall as a result of climate change. Consequently, Australia faces difficult management decisions with respect to water in the face of these developments. CSIRO, with the Centre of Policy Studies at Monash University, have undertaken research into potential scenarios of various water management strategies and the policy and other implications that they may have in particular with respect to:
· water trading arrangements that allow  the transfer of water from rural to urban areas; and

· using desalination plants to extract water from the sea or adoption of other water saving technologies like the construction of sewage recycling and/or storm water capture systems.

The scenarios were constructed and modelled using a Computable General Equilibrium (CGE) model called The Enormous Regional Model (TERM) under the assumptions of the Australian population increasing by 5 million people and climate change invoking a 25 per cent decline in water supplies by 2032. The research is reported in More People, Less Water: The economics of supplying water to 5 million more Australians (Young et al. forthcoming) which showed water shadow prices skyrocketing in several cities in Australia if nothing was done to address these potential problems i.e. the 'do nothing' scenario. The report concluded that water trading offered a potential solution to these problems, whilst in some areas the solution required water trading plus the availability of desalinised water.
Governments and/or water providers need to ponder deeply over how to maintain growth in the cities as a result of increases in population whilst maintaining all of the basic human needs including adequate supplies of water. Water providers will have different options to consider to address the issue of water scarcity. Traditional sources of water supply have either been largely exhausted or are less attractive both from an economic as well as from an environmental perspective. Exploration of non traditional water sources (such as desalination and recycling) along with utilisation of demand management through regulatory and economic tools have become inevitable. Whether it is a supply or demand management tool, consideration of a number of criteria including efficiency, equity and sustainability are critical. Also, it is essential to consider perceptions, preferences and attitudes of the community and the key stakeholders. This means any policy analysis would not only need examination of economic impacts using traditional cost/benefit or other assessment tools but also participation of major stakeholders’ views.   

In recent years, the process of combining participatory approaches (e.g. Participatory Integrated Assessment) with mathematical models (e.g. Integrated Assessment Modelling) addressing environmental policy questions has been gaining momentum (see, for example, Siebenhüner and Barth (2004); Hisschemöller et al. 2001; Toth 2001). The primary reasons for doing so have involved gaining deeper insights into the models by incorporating people’s perceptions, preferences and knowledge, for example, by taking account of tradeoffs among stakeholders related to the effects of water and land use decisions in catchments and regions. In the research described above, a lot of assumptions have been made to come up with the optimal solutions that we would like to test. In this paper we set up a conceptual framework to test the assumptions by allowing preferences, feasibility and expert knowledge to enter into the decision making process by combining a deliberative process with the CGE modelling and optimisation process.

Background 

Water trading in Australia between agricultural water users and confined to certain regions (principally the Murray Darling Basin) has been in place since the early 1980s. The basis for such trading rests on the allocation to water users (principally irrigators) of an entitlement or ownership of a certain amount (which is capped or restricted) of water. Trading of a part or all of this entitlement of water is then undertaken to encourage more efficient use of that water and also to activate water entitlements that are not being used. To date, most water trading has been temporary and only undertaken within States and individual water catchments (although there are no major institutional restrictions preventing irrigators trading with other regions or states). The Council of Australian Governments (COAG) Water Reform agenda was set up to encourage water use which  will achieve its highest value among both consumptive and non-consumptive uses,  while ensuring that the use is ecologically sustainable. In June 2004, the COAG signed an agreement to set up the National Water Initiative (NWI) with the imperative of increasing the productivity and efficiency of water use and the health of river and groundwater systems in Australia. One of the objectives of the NWI is to encourage permanent water trading in Australia. Water trading between and within urban and rural areas as well as the establishment of desalination plants are two possible options to be considered to mitigate the effects of a growing Australian population and reduced water supplies due to climate change. To date, the issue and potential of opening up this trading system to include more urban areas has not been investigated.

One potential solution to our diminishing water supplies is the production of desalinated water. Desalination of sea water or salty water may involve a distillation process that boils the salt water so that the fresh water vaporises, leaving the salt behind. The fresh water steam can then be captured, cooled and condensed to produce pure fresh water. The process therefore requires heat energy as an input. Other methods of desalination involve electrodialysis, freezing, ion exchange, and reverse osmosis all of which use varying levels of energy as input. Here seawater is pumped at very high pressure through membranes. The membrane blocks the larger salt molecules while allowing the smaller water molecules to spiral down a tube where the pure water is collected. The Perth desalination plant will use reverse osmosis to produce fresh water. 
Opposition to desalination plants has usually been with respect to the costs involved and the environmental consequences of the greenhouse gases emitted because of the high levels of energy required to either heat or pump the water. The Western Australian government has addressed this latter concern by it’s intent to use wind generated energy to power the desalination plants in Kwinana.

There are however two other important trends evident in Australia that also need to be taken into account. These include the introduction of water saving technologies and wage induced migration. Water saving technologies are gradually being introduced into agricultural systems, industries and households (such as water saving shower heads and drip irrigation systems). For example, changes in water requirements in cropping may arise from advances in irrigation techniques, such as more efficient and precise irrigation systems. In addition, research and development may be directed at reducing water requirements in some crops by better irrigation scheduling and management. The motivation for such research increases as the relative scarcity of water increases and as the potential returns to such research and development increase correspondingly. Greater scarcity of water will enhance the flow of water allocations/rights from low value to high value activities.  With respect to wage induced migration, it is already evident that patterns of migration of people to certain areas of Australia is taking place, induced by the availability of jobs and higher wages in those regions (such as the increasing populations of the Queensland Gold Coast regions and Perth and the static population trends of the Adelaide region). 
The scenarios chosen in this study therefore reflect different combinations of the above trends and assumptions concerning water trading, desalination, water saving technologies and wage induced regional migration as outlined in the next section.
The Enormous Regional Model
To explore the economic implications of changing the way we manage water and where the people of Australia and Australian industries get their water from we used TERM-Water - a CGE model that has been developed by the Centre of Policy Studies (COPS) and modified in partnership with CSIRO - to allow the exploration of the effects of changes in water supply and water policy on the economy.

We limited our research to two major assumptions – a 25 per cent increase in the Australian population from its current 20 million to 25 million people and a 15 per cent decrease in the availability of water due to climate change by 2032.  Details of the TERM model can be found in Horridge et al. 2005
.  To explore the economic implications of water use options in Australia, we investigated and modeled four scenarios:
· Scenario 1 – From now until 2032, the only water management possibilities available to Australia are increases in water use efficiency and changes in the supply price of water.  Under this scenario, no water entitlements may be transferred from rural to urban users, there is no desalination and no recycling of sewage or capture of storm water.
· Scenario 2 – The introduction of unimpeded water trading among cities and between the rural and urban sectors coupled with the construction of pipelines and associated infrastructure necessary to connect our main cities with nearby sources of water.  Under this assumption, we incorporate general costs associated with building pipelines based on distances involved but do not make specific costings or assumptions about the feasibility of such infrastructure for different parts of Australia.  This scenario is intended to give general insight into what could be achieved if such water trading was allowed and the pipelines, dams and pumping stations necessary to make it possible are constructed. The cost of building the necessary infrastructure is treated as a fixed cost and deducted from income.

· Scenario 3 – The construction of desalination plants and development of a desalination industry in Australia’s water-constrained cities. The plants produce either 80GL or 120 GL per annum.  This scenario can also be interpreted as the construction of a recycling or storm water capture system that makes large amounts of water available at an amortised cost of $1.50/kL.
· Scenario 4 – All of the above plus inter-regional migration in a manner that favours population growth and the development of smaller cities.  The regional population growth assumptions we use in scenarios 1, 2 and 3 follow ABS projections that do not take account of changes in relative economic opportunity.  Under scenario 4, we use a theory of regional allocation to change relative wages across Australia.  As a result, inter-regional migration causes relatively more population growth in Australia’s smaller cities.

The outcomes achieved showed what could occur under the various assumptions made in the scenarios. For example, Table 1 shows the effect on changes in water usage by sector for the different scenarios in terms of gigalitres of water used in 2032 compared to 2001. The larges changes can be seen for the cotton industry and in particular under the assumptions of Scenario 2. ‘Other industries actually increase there water usage as a result of the allowance of water trading, and/or desalination.
Table 1 
Change in water usage by sector, all scenarios 2032 relative to 2001, GL

	
	Scenario

	Sector
	1
	2
	3
	5

	Crops&Livestock
	-384
	-356
	-268
	-268

	Dairy
	-714
	-477
	-462
	-470

	Cotton
	-1081
	-1493
	-1445
	-1429

	Rice
	-611
	-708
	-690
	-689

	Household
	-310
	-246
	-235
	-232

	Other
	-81
	98
	158
	145

	National
	-3182
	-3182
	-2942
	-2942


Source: Young et al. (forthcoming)
Similarly, Table 2 gives an example of changes in the shadow price
 of water in 2032 relative to 2001 for all scenarios. It can be seen that under the assumptions of Scenario 1 where there are no changes to water policy in terms of trading or desalination etc., the biggest price increases occur in Perth, Brisbane-Moreton and Sydney. Allowing water trading made substantial changes for water prices in most areas although it is not until desalination is also included that the price of water in Perth is significantly reduced.
A number of other results are also provided in the report including breakdowns in the changes in the quantity of water available to different sectors, changes in the value of national output due to technological change and changes in water shadow prices for different regions due to individual parameters such as agricultural technological change, reduced leakages, reduced household water requirements and so on. 
Table 2 
Increase/decrease in shadow price of water, all scenarios 2032 relative to 2001, $/kL

	
	Scenario

	Region
	1
	2
	3
	4

	Sydney
	6.20
	1.48
	1.24
	1.24

	Murrumbidgee NSW
	0.17
	0.37
	0.33
	0.34

	Murray NSW
	0.17
	0.37
	0.33
	0.34

	Western NSW
	-0.34
	0.37
	0.33
	0.34

	Rest of NSW
	1.44
	1.48
	1.24
	1.24

	Melbourne
	4.41
	0.37
	0.33
	0.34

	Mallee VIC
	0.85
	0.37
	0.33
	0.34

	Rest of Irrig VIC
	0.98
	0.37
	0.33
	0.34

	Rest of VIC
	1.20
	0.99
	0.93
	0.87

	Brisbane-Moreton QLD
	8.51
	1.23
	1.03
	0.90

	Burnett-Darling QLD
	0.80
	1.23
	1.03
	0.90

	Rest of QLD
	0.30
	0.30
	0.25
	0.39

	Adelaide
	0.11
	0.37
	0.33
	0.34

	Rest of SA
	0.46
	0.37
	0.33
	0.34

	Perth
	9.47
	4.80
	3.11
	2.72

	Rest of WA
	4.23
	4.80
	3.11
	2.72

	Tas & NT
	1.49
	1.14
	1.06
	1.03

	ACT
	1.95
	0.37
	0.33
	0.34


Source: Young et al. (forthcoming)

The report concluded that overall for Australia, the implications of the different non-base case scenarios were as follows: 
· Changes in water policy and investment in infrastructure can lead to rather large changes in the shadow price of water in each region, positive and negative; 

· Sydney, Melbourne, Brisbane-Moreton and Perth face rather large shadow price increases unless they embrace urban-rural trading and or desalination (e.g. for Perth the shadow price increases from $4.41/kL to $9.47/kL).

· Since the demand for water in urban areas is relatively inelastic, relatively small trade volumes will have quite a significant impact on shadow prices.  In many cases, the volumes of water involved are quite small.  Across the nation, the amount of water shifted from rural to urban areas under all scenarios is less than 1.5% of all the water consumed in Australia.

· The impacts of technological change on water usage and subsequent shadow prices can be significant.  For example, it was noted that greater water-efficiency gains in irrigation than we have modelled reduces the number of urban centres where desalination appears to be a favourable option.

The outcomes of the TERM-water modeling exercise could have substantial impacts on national policies for water management in Australia. However, there are still several issues associated with the modelling process that need to be addressed before it is likely to have significant appeal to policy makers in ‘selling’ the implications of the ‘do nothing’ scenario and therefore encouraging the  implementation of the possible strategies related to the alternative scenarios tested. These issues include:

· The feasibility of the alternative scenarios, for example, in terms of building the infrastructure to allow water trading between urban and rural areas and in terms of costs involved.
· The sensitivity of the results to some of the assumptions used, for example, about population growth, climate change and the rate of technological change involved in irrigation and household devices that will allow water use savings.
· The preferences (from individuals, institutions and policy makers) and trade-offs involved in some of the possible solutions. For example, the increase in desalination produced water may have environmental and cost implications.
· The possible need to model different scenarios more relevant to the decision making requirements of the stakeholders.
The approach chosen in addressing these issues is to combine the modeling exercise with a participatory approach described below for a particular region in Australia.

Combining TERM-water with a participatory approach
The next step in our research is to address these issues by engaging stakeholders in a process that would identify their preferences and priorities as well as bring out some more expert information related to the decision making process and some of the assumptions made.  Siebenhüner and Barth (2004) review three major projects combining computer models with participatory procedures to assess global environmental change. They suggest that public participation in the generation of scientific knowledge fulfils four functions as follows:
· A normative function where participatory approaches increase the legitimacy of the process of knowledge generation by involvement of stakeholders
· Substantive rationale where participation allows the integration of more sources of knowledge and more capacities for problem solving

· An instrumental rationale that ensures people’s commitment to the outcomes of the participation process is higher than otherwise would be the case
· The provision of mutual learning where participants acquire and create new knowledge.

Similarly Hisschemöller et al. (2001), suggest that participation and modeling can have the advantages of highlighting and analysing different views, initiating learning resulting in new insights for policy and increasing stakeholder involvement and therefore commitment to joint problem solving.
To achieve such advantages in this current work we propose to use a technique called Deliberative Multi-criteria Evaluation (DMCE) (Proctor and Drechsler, in press) will be conducted for water utility managers in the Sydney catchment region of New South Wales. DMCE utilises a combination of two processes: the Citizens’ Jury and Multi-criteria Evaluation. The Citizens’ Jury is based on the model that is used in western-style criminal proceedings and often involves a public decision-making process (such as the allocation of health funds or the identification of protected natural resource areas). The typical jury ranges from around 10 to 20 participants. The jury can be selected either randomly or by use of a stratified random sample to make it representative of the population. The jury is usually remunerated for their efforts and is given a specific charge which is well worded, clear and direct. Ideally the process uses a facilitator and the jury is given sufficient time to deliberate, ask questions and call 'witnesses' (or 'experts'). This may take several days. A process involving great complexity and which requires many witnesses may take much longer. Witnesses are chosen on the basis of their expert knowledge and can and should be selected to represent differing viewpoints. The jury should be comfortable that adequate time has been given to all viewpoints. The final outcome is usually a consensus position reached by the jury and usually documented in a report to the relevant agency that has established the jury (Crosby, 1999; Dienel and Renn, 1995).

Multi-criteria Evaluation is a means of simplifying complex decision-making tasks which may involve many stakeholders, a diversity of possible outcomes and many and sometimes intangible criteria by which to assess the outcomes. In many public decision problems, such as those involved with environmental policy, the objectives of the decision may conflict and the criteria used to assess the effectiveness of different policy options may vary widely in importance. MCE is an effective technique in which to identify trade-offs in the decision-making process with the ultimate goal of achieving compromise. It is also an important means by which structure and transparency can be imposed upon the decision-making process. Its origins lie in the fields of mathematics and operations research and it has had a great deal of practical usage by public planners in such areas as the siting of health facilities, motorways and nuclear reactors (e.g., Massam, 1988). In recent years it has gained popularity as a tool for making decisions involving complex environmental, economic and social issues (e.g. Proctor, 2005). 

A Multi-criteria Evaluation seeks to make explicit the logical thought process that is implicitly carried out by an individual when coming to a decision. In complex decision-making tasks, which sometimes involve many objectives and many decision-makers, this structured process may be lost in the complexity of the issues. In general, a MCE seeks to identify the alternatives or options that are to be investigated in coming to a decision, a set of criteria by which to rank these alternatives, the preferences or weights the stakeholders assign to the various criteria and an aggregation procedure by which the criteria-specific rank orders are aggregated into a single “compromise” rank order. The last step should involve an extensive sensitivity and robustness analysis.

Method

DMCE has been chosen because of its ability to identify the salient criteria and trade offs related to a policy decision to address declining water availability in Australia and for its ability to add to the knowledge building and learning process required by such a complex decision problem. In essence, people’s opinions will be incorporated into the process as well as expert knowledge to test and modify if necessary the underlying assumptions of the model.
The Sydney region has been chosen because of the dire implications suggested by the TERM-water model if something is not done to address the demands of an increasing population as well as dwindling water availability and also because the problem of current low dam levels due to lack of rainfall has made this a very topical issue in Sydney. In recent months, the new Premier of NSW has announced that a desalination plant planned to be built in the south eastern part of Sydney will not go ahead under present circumstances because of concerns by the residents of the area with respect to the environmental consequences of the plant. Another proposal to take water from a major river system south of Sydney, the Shoalhaven River, and divert it during flood times to the major storage dam supplying Sydney, the Warragamba Dam, has also been scrapped due to strong opposition from residents living beside the Shoalhaven River. One alternative source that has been suggested by the NSW Government is a supply of water from underground aquifers to the west and south of the city. Drilling to assess the contents of these aquifers has already begun although it is still not clear at this stage as to whether or not this source would represent a long term solution to Sydney’s water supply problems.
Such a situation in Sydney at present means that a participatory process incorporating the results of the TERM-water model could be one way of extending the effectiveness and relevance of the model by testing it and also provide a significant means to aid such complex policy and water management decisions that exist in the region.
The first step of the process will be to identify suitable stakeholders. These could include representatives from water authorities such as Sydney Water and the Sydney Catchment Authority, policy makers from the Department of Infrastructure, Planning and Natural Resources, water authorities that may be suitable to trade with such as Goulburn Murray Water, experts on recycling and desalination as well as individuals from interest groups that may be affected by the decisions.
Once identified a workshop would be conducted to allow participants to nominate the objectives of the process and the criteria by which they would like to assess each of the scenarios in meeting these criteria. The feasible scenarios (in terms of data availability etc.) would then be agreed to and these would form the basis of the modeling undertaken by TERM-water.
The modeling procedure would be carried out in order to fill in the empty cells of the Impact Matrix (see the example in Table 3). In the example shown in the table, the indicators may not always be quantitative (for example, for some criteria that TERM-water can not model) and so expert opinion can be sought to give a qualitative amount. The scenarios would also be those determined by the stakeholders and could include some of the issues related to a water recycling program or even the idea of transferring water from rivers to the dams. 
The next part of the process would involve stakeholders providing weightings to the criteria to reflect the importance that they believe each should contribute to the decision making process. Obviously different stakeholders will have different priorities and some may rate the costs involved much more highly than for example, the environmental consequences and so on. 
Table 3  Example Impact Matrix for the Sydney Water Availability Problem
	
	
	Scenarios

	Criteria
	Indicator
	1
	2
	3
	4
	5

	Water Shadow price
	$/Gl
	
	
	
	
	

	Aggregate water consumption
	Gl
	
	
	
	
	

	Impact of scenario on the environment 
	10=high, 1=low
	
	
	
	
	

	Cost of scenario 
	$
	
	
	
	
	

	Employment
	No.
	
	
	
	
	

	Benefits - Community support
	10=high, 1=low
	
	
	
	
	

	Feasibility
	10=high, 1=low
	
	
	
	
	

	Aesthetics
	10=high, 1=low
	
	
	
	
	

	Acceptability to users
	10=high, 1=low
	
	
	
	
	

	…
	
	
	
	
	
	

	…
	
	
	
	
	
	


​​​
The first deliberative workshop would then begin and participants would be shown the weighting outcomes for each individual and also the Impact Matrix and the resulting scenario ranking from the multi-criteria aggregation. Their charge in the process will be to come to consensus on the set of weightings for the criteria. Expert witnesses would be called in where required and deliberation would start with each person arguing to support their preference weightings. Each criterion would be addressed in order and at the end, the revised sets of weights would be fed into the MCE software and new results shown. This procedure may take several separate workshops as one of the results of the iterations may be to introduce new criteria that need to be modeled or assessed or even new scenarios. At the end of the process, even if exact consensus is not met on the weightings, the unravelling of the complexities of the problem and the knowledge gained would mean that a much more informed decision can be made with respect to Sydney’s water problems than would otherwise be the case.

Conclusions 
In this paper, we have introduced a novel technique combining a deliberative participatory process with CGE modeling results to aid in policy decisions related to water management. Decisions related to water policy in the face of climate change can be difficult because of the complex environmental, economic, social and political dimensions involved. We believe that by combining modeling with a participatory process, these complexities will be unravelled and the decision making task made more easy with greater social input, acceptance and uptake.
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� The model can be downloaded from http://monash.edu.au/policy/archivep.htm


� A shadow price is the change in the objective value of the optimal solution of an optimization problem obtained by relaxing the right hand side of the constraint by one unit.  In the context of a maximization problem with a constraint, the shadow price on the constraint is the amount that the objective function of the maximization would increase by if the constraint were relaxed by one unit.






