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1. Summary of proposed research

The new generation of water policies which are currently being introduced throughout the world place increased importance on the use of economic instruments, best management practices, recognition of the environment and public participation in water resources planning and management. The objectives of introducing these policies are to facilitate a reallocation of existing limited resources between competing users and to ensure environmental sustainability. By encouraging more efficient and higher value use, especially in agriculture, it is hoped to reduce the social, community and economic impacts of reallocating water out of agriculture to meet new urban, environmental and recreational demands. There is, however, little understanding of how such policies and instruments will be adopted by the targeted water users and what their real impact will be within the affected communities. There is also little understanding of the processes needed to, in a meaningful way, engage local communities in reaching acceptable community compromises when balancing the demand for water from competing users as part of the water planning process. 

A few studies exists but they are inconclusive and suggest that the likely effectiveness and impact of policy instruments are area-specific, depending on the local production and climatic conditions as well as the goals and objectives of the local water users. It is therefore of international importance to create a framework for the development, evaluation and implementation of new policy instruments and then test the framework in the context of a specific area.  The lack of such a framework can result in sub-optimal policy outcomes and can have unintended impacts on the welfare of the people who currently have licenses to use water resources and the communities whose economy presently are based on their use. 

There has been increased recognition in Canada of the importance of scarce water resources and recently there have been renewed calls for a national water policy. Since water scarcity is most severe in the Prairie Provinces, and particularly in Alberta, the government of Alberta has taken important steps to change the way water is managed.  Market based instruments tentatively found their way into water management when the new Water Act in 1999 and the new Irrigation Districts Act in 2000 provided for the introduction of trading in water rights.  In November 2003 the Government of Alberta released a water strategy entitled Water for Life.  This strategy extends the notion of developing, testing, and implementing various types of economic instruments and best management practices (BMPs) to manage demand by encouraging water conservation and by increasing the productivity of water, as well as the involvement of the public in the water planning processes, clearly recognizing that most supply side solutions to water scarcity are no longer palatable to the public. 

The largest consumer of fresh water in Alberta, and elsewhere in the world, are the irrigation sector which controls more than 70% of the available water, and a large percentage of the irrigated land produces relatively low valued crops.  It is clear that with continued growth and diversification of the economy and the increased acknowledgement of the need to allocate more water to environmental and recreational purposes, some of this water will have to be reallocated.  The problem is how to do this without making it confiscatory or even injurious to existing irrigators.  It is therefore critical to gain a much better understanding of how irrigators are likely to respond to different policy instruments.

The current policy processes in Alberta therefore present an excellent environment in which to develop and test a new framework for the development, evaluation and implementation of new policy instruments and the tools to inform the processes. The proposed research will generate new knowledge about: a) farmers’ responses to new policy instruments; b) how such responses vary with farmer characteristics and local conditions; c) how such responses can be influenced by improved information; and c) the processes by which acceptable community compromises can be reached balancing the demand between competing users as part of the development of local water management plans and how economic models can be used to facilitate this process. This knowledge will not only benefit water resources management but will also be applicable for the management of other natural resources. The proposal is innovative in applying a multi and interdisciplinary approach acknowledging the complexity of water resources and their management and the interconnectedness of water uses and users.

2. Detailed description
Objectives

This proposal is for a three-year project. It has the following five specific objectives:

1. develop theoretical economic systems models that are capable of estimating the socio-economic impacts of the introduction of various policy instruments;

2. investigate likely management responses by irrigators to the use of different policy instruments and how these responses vary depending on irrigators’ values, objectives and production characteristics;

3. analyze the socio-economic impacts of selected policy instruments within affected irrigation communities under different scenarios e.g. if irrigator management responses are according to economic rationale only, and if irrigators management responses are as identified in point 2 above;

4. improve our understanding of how irrigators’ management responses to new policy instruments can be changed by providing them with a better understanding of the operation and impact of selected policy instruments using the economic models systems developed in 1; and,
5. develop processes that would engage civil society in the development of community-based decision-making that reflect the need to balance social, environmental and economic demand for water and test the use of the economic systems models as tools to improve the outcome of these processes.

Context:

The development of water resources, water management and water policies, has undergone significant changes. Until the 1970s and 1980s the water industry in most areas of the world was in an expansionary phase. Development was encouraged in pursuit of social and policy objectives such as closer settlement, resettlement of soldiers, alleviation of social hardship, and increased food production. Policy makers pursued these developments despite advice from many economists, early economic failure of many projects, and early evidence of environmental problems (Postel 1999). During this phase increased demand was met by increased supply.

Modern environmental policies, which emerged during the late 1960s, evolved into environmental management strategies that were implemented during the following three decades and started to affect policies and laws (Bosselmann and Richardson, 1999). This process was driven by a change in public opinion with respect to environmental values. The same three decades also saw a sharp increase in the marginal cost of supplying new water as the water industry entered the mature phase (Randall, 1981) as well as a decrease in the public willingness to fund such work due to the shift in public opinion.

The above economic, environmental and community concerns caused a shift in policy paradigm. During the expansionary phase water management and policy was based on a centralized ‘command and control’ approach with little community involvement and with subsidized water prices and generous allocations, which encouraged excessive, inefficient and low-value water use. This approach, therefore, has often been associated with low level of community commitment to the long-term viability of irrigation systems, with the result that many systems suffered from lack of maintenance, low rate of fee collection, organized water theft and little regard for environmental issues (Easter, 1999). 

As new water developments slowed, the mature phase saw a shift in policy emphasis from meeting new demand with increased supply to introducing policy instruments that enabled increased demand to be met by a reallocation of existing water resources among competing users; in this process, water changed from a social to an economic good. During the 1990s economic instruments increasingly found their way into water policies of international organizations such as the World Bank (1993), United Nations (Sitarz, 1993), FAO (1999), OECD (2004), and national governments. Water prices based on full cost recovery combined with markets in water, privatization of irrigation districts, and devolution of water management and decision-making processes to the local community levels, were seen as the main instruments in facilitating the reallocation process. Higher water prices should encourage irrigators to use water more efficiently on higher value products and force irrigators not able to make the necessary structural changes to exit the industry. Water markets should allow this process to take place, offer the exiting irrigators some compensation in the process, and leave the allocation process to market forces rather than government regulation. The conceptual issues of water pricing and other economic instruments have received increased attention in the literature (e.g. Griffin, 2006; Young, 2005, Renzetti, 2002). The workings of water market policies, and their social, economic and environmental implications in Australia, have been widely studied and reported by the applicant (Bjornlund 2006a, 2005a; 2004a; 2003a,b; 2002a; Bjornlund and McKay, 2002), in Chile by Bauer (2004), Briscoe et al. (1998) and Hadjigeorgalis and Lillywhite (2004) and in the US by Colby and Bush (1987).

Concern has been raised about both the environmental and social impact of water markets (Colby, 1998; Haddad, 2000; Bauer, 2004). Environmentalists are concerned about the environmental impacts of increased water extraction for consumptive use and concentration of water use within certain locations due to the operations of water markets. Many irrigators are concerned about the community impact due to: (i) increased water prices forcing irrigators out of business; (ii) water markets resulting in export of large volumes of water out of certain areas and districts; and (iii) increased allocation of water for environmental purposes resulting in reductions in irrigators’ access to water (Bjornlund 2005a, 2004b).

In recent years, Alberta has started to feel the impact of water scarcity.  This has generated a general awareness of the fact that efficient water use is central to continued economic growth and environmental sustainability. Reflecting this, it was announced in the Draft Water Management Plan for the South Saskatchewan River Basin (SSRB) that Alberta Environment will stop accepting applications for new allocations for the Bow, Oldman and South Saskatchewan River sub-basins until the Minister of Environment specifies how water not currently allocated should be used (Alberta Environment, 2005). Market based instruments found their way into water management when a new Water Act in 1999 and Irrigation Districts Act in 2000 provided for the introduction of water trading. During the drought of 2001 the value of this instrument proved itself when it assisted irrigators in the St. Mary River Irrigation District (SMRID) to deal with the drought (Nicol, 2005; Nicol and Klein, 2006; Nicol et al. 2006).

Methods
Water is a complex resource and its management requires a thorough understanding of the social, environmental and economic implications of the introduction of new policy instruments. A multidisciplinary and interdisciplinary approach, drawing from disciplines such as management, economics, geography, agricultural economics and sociology, is therefore essential to properly and comprehensively analyze the effect and impact of policy instruments. The methods and the team members proposed for this project are therefore selected from these areas. The five objectives listed above will be achieved through three interlinked stages. The research will be carried out in the context of the present policy processes in southern Alberta:

Stage 1: Develop theoretical economic systems models and estimate the impact of policy instruments
Mathematical systems level models will be developed at two levels of aggregation:  1) regional programming models for each of the major irrigation districts in the SSRB to allow testing of hypotheses at the irrigation district level; and 2) farm level optimizing models for representative farm types that encompass all the major commodities produced in each of the soil-climatic regions where irrigation is practiced. These models will be validated by comparing their predictions to recorded observations. The models will then be applied to analyze: 1) the impact of the introduction of various economic instruments under different farm management scenarios; 2) their usefulness as decision making tools when developing Watershed Management Plans; 3) the viability of introducing new processing industries; 5) the viability of expanding irrigated areas within districts under different land use scenarios; and 6) the impacts of implementing various BMPs.

Since primary producers operate under different soil and climatic conditions and have numerous investment and production alternatives, it is critical that substitution possibilities of water with other resources be modeled as accurately as possible.  Presently, suitable yield response functions are not available for irrigation in Alberta.  UMA (1982) developed water production functions for crops in Southern Alberta that were based on data collected much earlier in Utah and do not consider the effects of differential soil type, location, year, fertilizer or other agronomic variables. While experimental data are not available for crop responsiveness in Southern Alberta, it is possible to assemble the results of various related experiments and use advanced econometric procedures to estimate more realistic response functions.  

A wide range of technologies is available for irrigation in Southern Alberta, ranging from capital intensive, low labour techniques to those that are highly labour intensive but with low capital requirements.  It is important that the regional and farm level systems models incorporate data and functions that permit analyses of:  1) crop responsiveness to different levels of water application (on different soils, at different stages of plant growth, and in combination with alternative fertilization levels); 2) costs and returns from alternative water conservation strategies; 3) costs, returns, and optimal watering strategies of different types of irrigation systems; 4) energy requirements of different irrigation systems; 5) impacts on water quality, leaching, salinity and other externalities of various levels of water application; and, 6) opportunities to improve farm profitability through enterprise shifting, sales of water rights, and other production and investment strategies. 

There are insufficient data available on specific farm practices employed and their relationship to outputs realized. We therefore need to conduct a number of in-depth interviews with farmers to get detailed data on input and output levels for each major cropping activity in each of the soil-climatic zones.  We also intend to develop a panel of irrigators within each of the three groups of irrigation districts identified by Bjornlund et al. (2006a,b,c,d). These panels will be recruited to provide expert advice on an on-going basis and to participate in workshops to evaluate research outcomes.  We expect to assemble 25-30 farmers in each panel. The farmers will be selected to represent different farm size, production type, age, and level of water use efficiency.
Based on a comprehensive search of the literature and policy documents, we will develop a set of feasible policy instruments including pricing of water, taxes on water use, subsidies for use of new water-saving technologies, tradable property rights, and others.  These will be incorporated into each of the economic systems models to estimate the likely impacts of the policy instruments based on economically rational management responses by irrigators. 
Water markets and water pricing have been the most recommended economic instruments to increase water use efficiency and manage water demand. The literature however is rich in controversial effects of both water markets and water prices on water demand. Caswell and Zilberman (1985) and Caswell et al. (1990) showed positive effects of increasing water price on the adoption of water conservation technology whereas Verela-Ortega et al. (1998) showed that such effects are related to the potential of diversification, water allocation and risk of water delivery. Others stipulate that an increase in water price may induce positive responses only in the range of prices where the demand is elastic (De Fraiture and Perry, 2002) and that such price ranges often will be outside what is politically feasible (Perry, 2001). Schoengold et al. (2005) found that water demand is more elastic than previously thought if considering the impact of higher marginal water prices on both the choice of crop or fallowing and on the choice of irrigation technology. However, these analyses have all been based on the economic signals sent by the pricing mechanism alone. We have not found studies analyzing the likely combined impacts of pricing and water markets. When farmers have to consider both the increased cost of using the water as well as the foregone income from selling the water, different outcomes might result.

We will further test the hypothesis that economic instruments will help eliminate economic inefficiency in the use of irrigation water. We will use the economic systems models to generate corresponding ranges of water demand and net farm incomes under various economic instruments. By simulating the effects of different water prices, we can estimate the demand function for water in each irrigation district. Specifically, the economic systems model would permit the analysis of the impact of economic instruments on water demand, farm income, farm structure and the volume of water used.

Stage 2: Identify likely management responses to policy instruments and the impact of such responses
The literature, both within the economics (e.g. Gomez-Limon and Risego, 2004); psychology  (Maybery et al, 2005); social and health psychology (e.g. Connor and Norman, 1996); social and community (Van-clay et al., 1998, Howden et al, 1998; Bjornlund, 2002a); water management (Kuehne and Bjornlund, 2006a,b,c;  Bjornlund et al., 2006a,b,c); and farm decision making (Vogel, 1996; Willock et al, 1999) disciplines, suggests that farmers’ management responses to any new policy instrument will not solely be based on economically rational decisions but will depend on the objectives, goals and values of farmers. Also, the literature pertaining to farmers’ likely adoption of new technology suggests that the adoption of new technology or farming practices depends on farmer characteristics.

The study by Maybery et al. (2005) found that three different values determine farmers’ response to policy instruments: economic, conservation and lifestyle. They suggest that before introducing new instruments policy makers should understand these values and how they affect the decision making of farmers and therefore affect the final impact of the policy. Bjornlund (2002a) found that irrigators in Victoria (Australia) use water markets to achieve three different objectives depending on their position in the structural adjustment process. Gomez-Limon and Riesgo (2004) found in Spain that within even homogeneous areas in terms of soil, climate and other factors, there are significant differences among farmers’ reactions to price changes due to great variability in management criteria used to plan their crop mixes. They grouped the irrigators depending on their management criteria and found that the impacts of pricing policies varied significantly among the groups. Kuehne and Bjornlund (2006a,b,c) found that irrigators in the Namoi region of Australia were planning to make different management decisions in response to a new Water Sharing Plans depending on their perception of themselves as a farmer, either as an investor or as a custodian of the land. Finally, Bjornlund et al. (2006a,b,c,d) found that that managers and board members of the 13 irrigation districts in Southern Alberta expect the irrigation sector to react differently to the proposed policy instruments in Alberta’s Water for Life Strategy depending on specific production, climatic and water supply conditions within their respective districts. These authors identified three groups of irrigation districts with similar production conditions.

This literature suggests that it is important to understand the nature of farming and the values and objectives of farmers within an area before introducing new policy instruments, in order to determine how farmers are likely to respond to such instruments. In the Alberta context, the importance of this type of research was highlighted in two workshops to help develop a Water Research Strategy for Alberta. During both workshops it was stressed that an important research priority should be studies into “human behavior and decision making with respect to water use” (Lougheed Keefe, 2005).
Irrigators’ likely management response to the policy instruments identified in part 1 will be elicited through a survey of irrigators in the three groups of irrigation districts identified by Bjornlund et al. (2006a,b,c,d). Within each group, 100 irrigators will be surveyed representing different property size, cropping pattern and water use efficiency. The questionnaire will, apart from the questions related to the strategy, economic instruments and BMPs, include sections that request property specific data such as irrigated and dry land areas, cropping, and water use methodology, as well as demographic data about the farm household such as age, educational background, farm income, off-farm income, etc.

The outcome of the survey will be analyzed in two different ways: 1) the management responses to the economic instruments and BMPs will be entered into the systems models developed in objective 1 to estimate their socio-economic impacts based on irrigators’ most likely management responses; and 2) using multivariate techniques such as cluster and factor analysis, the data will be analyzed to group farmers based on their expected management responses. Cross tabulation and significance testing will then be used to profile the property and socio-economic characteristic of each group. This process will allow us to: 1) apply the systems models to the different groups of farmers to see how the impacts of the economic instruments and BMPs will vary among groups; and 2) better design economic instruments and BMPs to obtain policy objectives across a group of heterogeneous farmers and better design information material and educational programs promoting their adoption.
To investigate whether economically suboptimal decisions by irrigators are caused by a lack of understanding of the impacts of economic instruments and BMPs or whether economically suboptimal decisions are conscious we will expose the three panels of irrigators to our findings in parts 1 and 2, that is 1) the impacts of policy instruments subject to rational economic decision making; 2) the impact of policy instruments under the management decisions indicated in the survey; and 3) the variability of impact among the identified groups.
Stage 3: Develop processes for the generation of change in watershed management
Alberta's Water for Life strategy is an important example of the new kinds of governance arrangements that are being developed in jurisdictions around the world (WRI 2003; WWAP 2003). Non-state actors in many jurisdictions, especially at the local scale, are taking on responsibilities formerly held by state agencies, with numerous positive social, environmental and economic benefits expected (Rogers and Hall 2003). However, water governance that shifts responsibilities away from the state cannot be expected to succeed if capacity-related challenges are not addressed (de Loë and Kreutzwiser 2005). Recognizing this concern, the Alberta Water Council, in its recent review of the Water for Life strategy, stressed the pivotal role of the Watershed Planning and Advisory Councils (WPACs), and highlighted the need to empower them to perform their tasks through provisions of adequate financial, technical and human resources (AWC, 2005). The models and economic instruments developed in stage 1 will provide WPACs with independent analytical tools. Their application in stage 2 will enable us to test the robustness of this knowledge and tools when exposed to stakeholder and community comments and use.
The first part of stage 3 will result in material to be used in the discussion groups in the second part. The discussion material will provide 

· scientific information about water needed for environmental and in-stream uses;
· stakeholder views on the need for water for environmental and in-stream uses;
· visual material about what stakeholders consider to be good and bad environmental conditions;
· scenarios under which additional water can be provided for the environment, in-stream uses and for other industries; and,
· economic and regulatory instruments and best management practices that could be used to encourage or force the needed reallocation of water (analyzed in stage 1) as well as the likely impacts of introducing these instruments as estimated in stages 1 and 2.
Part 2 will investigate how three sectors of the community: 1) active irrigators; 2) residents in rural townships within irrigation communities; and, 3) the broader urban population in Calgary and Edmonton perceive the issue of providing more water for the environment as well as meeting increased demand from new or growing industries. In this part, the participants will be exposed to the material produced in part 1 and challenged to reach a compromise regarding the kind of environment they want, how they can achieve that in a transparent, fair and equitable way, while balancing the need for these environmental outcomes with the needs of other sectors. This will be based on: 

· questionnaires giving property specific and socio-economic data on the respondents as well as their perception of a number of policy issues;

· a series of discussion groups within the three community sectors, each with 12 participants; 

· a series of cross-sectional discussion groups to generate an exchange of opinions and ideas among the three sectors; and, 

· limited participation by an expert panel comprising staff and representatives from various stakeholders such as provincial departments, farmer organizations, industry, environmental groups, local councils, and independent academics and consultants who have participated in the policy process. This group will be asked to comment on the outcome of the discussion groups and provide expert advice to the discussion groups. 
Each participant will get a ‘nick name’ linking the information in the questionnaire to the comments provided by that participant during the discussions and thereby make it possible to trace all comments back to the demographic, property, and perception/value profile of the participants. During the discussions participants may ask for additional information that will be provided by the team or by the expert panel. The systems models developed in stage 1 will be used to analyze the impacts of scenarios that the participants want to test. This is an iterative process that is likely to reveal a new set of options. 

After each round of discussions the participants will be asked to fill in additional questionnaires with the same environmental, value and fairness questions as in the first questionnaire. This will allow analyses of whether participants change their perceptions or values with respect to the tested issues as a result of the provided information and interaction within and across the sectors of the community. It will also be possible to analyze how values and fairness perceptions vary among sectors of the community. 
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