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Abstract
Farmers are heterogeneous, but policy makers are often accused of treating them as a homogenous group. Very different factors influence their decision making and their responses to new policy instruments. 

The re-allocation of water among competing uses has become increasingly necessary. Demands are now being placed on the irrigation sector to provide water for urban, recreational, and environmental purposes, making it more important to ensure effective communication between policymakers and irrigators. The shortcoming of the current one-size-fits-all approach to water management and planning is that it can only really be effective for some. This creates the potential for avoidable conflicts between users, sub-optimal outcomes and significant social and community impacts.

 Irrigators in Australia’s Lower Murray Reclaimed Irrigation Area are facing significant reductions in water allocation due to government rehabilitation and restructuring programs as well as drought. An assumption behind the government policy is that irrigators are a homogenous group who will respond to these reductions in an economically rational fashion. Irrigators, however, have indicated that they do not intend to behave in this way.

This research explores the non-economic factors influencing farmers’ decision-making and behaviors and determines whether they can be classified into a typology. Our findings suggest three groups - Custodians, Investors & Lifestyler, with farmers’ positions being determined by their values, attitudes and goals concerning family, land, water, profit and community. 

Benefits of this research are that policy makers and service providers will be better placed to communicate with farmers by employing more targeted and better informed approaches. Consequently, the management responses of irrigators are more likely to be in line with policy expectations minimizing the economic, social, environmental, and political impacts of the water reforms.
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Introduction 

This paper explores factors influencing a small population of dairy farmers in a small irrigation region when making decisions in response to ongoing environmental reforms in the context of the recent policy developments within the Lower Murray Reclaimed Irrigation Areas of Australia (LMRIA). The choice of this study area is recognition that there is a large variation among Australian farmers’ management behaviour, and that the understanding of farmers’ behaviour will be advanced by also focusing on the less obvious industries and locations (Cary et al 2001).
The LMRIA is a series of 27 reclaimed floodplains covering 7,000 hectares and stretching between Mannum and Wellington in the lower reaches of Australia’s River Murray. Most of the irrigated area is primarily flood irrigation relying on the operation of sluice gates in the river’s levee banks. It is not a sophisticated system; after the paddock is flooded the surplus water gathers into a tail water drain where it is then pumped back into the river (Natural Resources Committee 2004). 

The river flats were developed for agriculture between 1881 and 1940, with improved irrigability becoming a possibility from 1940 when the Goolwa barrages and an associated levee bank along the river’s edge to control flooding were completed. With the raising of the river level the flood plain became from 1 to 1.5 metres below the river level making the simple use of sluice gates to control water possible. Many of the drains and channels were constructed (and remained owned) by the government from 1904 onwards while the irrigated areas remained privately owned (Lower Murray Irrigation 2001). 

Many of the region’s irrigators are dairy farmers; the industry is an important contributor to the regional economy, producing approximately 85 million litres of milk or around 20% of South Australia’s milk production (SA Dairy Industry Administrator 2006). But dairy farming on the flood plain has had a negative impact on river water quality with water polluted by fertiliser and cow manure being discharged into the river. The inefficient use of water is also of concern. Water use was not previously metered which, when combined with inefficiencies arising from poor infrastructure, has resulted in irrigators using about 40% more water than necessary (Natural Resources Committee 2004). 

The National Action Plan for Salinity and Water Quality Improvement was established at the November 2000 CoAG meeting (CoAG 2000). A response to this plan was the Lower Murray Reclaimed Irrigation Areas Restructure and Rehabilitation Program, which set targets for improved water use to be met by 30 June 2007. Unlike areas outside of the LMRIA, which have already been required to meet a target of 85% water use efficiency, the irrigators on the river flats were only required to achieve 65% efficiency (DWLBC, 2003). 

These efficiency gains were to be achieved by the installation of water meters, laser levelling of the flood irrigated areas, and realignment of channels. Also the return of tail water to the river was to cease by 30 June 2008. The state government owned the irrigation and drainage infrastructure in nine irrigation districts that constitute 2/3rds of the LMRIA (DWLBC, 2003). To satisfy the requirements of the CoAG agreement (CoAG 1994) the government in 2007 divested itself of the drains and channels and transferred them into private ownership. 

The government predicted that up to 30% of the land used for dairy production would be retired due to the ability to trade water (PIRSA 2001). Until now about 40 dairy farmers controlling some 1,500 hectares have left the LMRIA. The remaining 58 dairy farms (SA Dairy Industry Administrator 2006) took up 500 hectares of this land while the remaining 1,000 hectares are no longer irrigated. This area has a winter dominant annual rainfall of about 350-375 millimetres. Without irrigation the land can only support a salt bush pasture and will become virtually worthless for agricultural production. 

The LMRIA uses approximately 20% of the water diverted for irrigation in South Australia. The old area-based water licenses were replaced by volumetric and tradable licences at a rate of 13.8ML per hectare (DWLBC, 2003). This resulted in a total allocation to the LMRIA of 67.3 GL. However it has been estimated that irrigators have been diverting 173GL of water from the river, or 70% more than what has been allocated (DWLBC, 2003). 

The aim of this research is to explore whether it is possible to develop a typology that takes into account the values and attitudes of farmers towards family, land, water, profit and community and how such values and attitudes influence irrigators’ management decisions in response to these significant reforms of the LMRIA. However, two other factors also caused increased uncertainty for farmers within the LMRIA and the dairy industry at the time of the survey and may therefore have influenced their responses: 

· The deregulation of the dairy industry in 2000 which resulted in a substantial fall in farm incomes (Harris 2005). It is estimated that the return on investment to a dairy farmer in South Australia, disregarding capital gains, for the three financial years from 2004-2005 onwards, would be less than 1% (Martin et al. 2007). 

· The severe drought of 2006-2007 with its accompanying reduction in water allocation to 60% and the expectation of zero allocation for the 2007-2008 water year. 

Literature Review 

There is an extensive literature discussing the influences on farmers’ behaviour and their decision making in response to new policies and economic instruments. Many of the studies attempt to develop typologies of farmers classifying them according to those influences (Emtage, Herbohnn & Harrison 2006). 

In general, farmers’ decision making is found to be driven by many other factors besides strictly economically rational ones (Maybery, Crase & Gullifer 2005), even though from the farmer’s perspective their actions may be rational (Vanclay & Lawrence 1994). Farmers may not be profit-maximisers but they do try to maximise their benefits, many of which are non-economic in nature (Kuehne and Bjornlund, 2006). As a result new policies that assume profit-maximising behaviour often have unexpected and sometimes undesirable outcomes and impacts. 

Some policy makers do not believe that typologies are a useful tool, and instead see them as ignoring commonalities between managers, restricting the exploration of interplay between types and making assumptions that there is a homogeneity of values and behaviour of those from within the described type (Fish, Seymour & Watkins 2003). However, we believe that the use of typologies can be a useful tool to illustrate the diversity of factors that influence farmer behaviour and decision making and that they can therefore provide important insights for policy makers when designing new policies and instruments. 

Emtage et al. (2006, p. 90) find that typologies and classification schemes have the potential to improve the effectiveness of agricultural programs by avoiding treating farmers as a homogenous group as well as to “improve the understanding and description of the diversity of landholders’ values, attitudes, behaviour and socio-economic circumstances in rural communities”. 

Methodology 
The research was undertaken in September and October 2006. A five-page mail-out survey followed by two reminders and one replacement survey was sent to all licence holders in the LMRIA and was returned over a ten-week period. Valid responses were received from 49% of the 143 people who received the mail-out package. The sample is unlikely to be representative of farmers as a whole, or dairy farmers in particular. It is likely to be representative of those more financially secure LMRIA irrigation farmers who did not initially take the opportunity to sell their water, reduce debt and retire from the industry when tradable rights were first introduced. 
The questionnaire included questions related to demographic and property-specific information, past management actions and future management intentions, and a set of value and attitude statements against which the respondents were asked to rate their level of agreement using a five-point Likert scale. Constructing the statements was a difficult and time-consuming process. The key issue was to identify statements that measured the dimensions relevant to the population as a whole, but at the same time were not confusing or unwieldy. They needed to cover the range of responses that people might give, and yet be sufficiently sensitive. The United States General Accounting Office (1993, p. 10) suggests that measures need to be able to detect ”(1) the presence or absence of the trait, (2) levels of intensity, or (3) changes in the level of intensity with sufficient precision at sufficiently low levels to meet the needs of the evaluation”. The statements were developed in collaboration with six extension professionals. 

The responses were segmented using principal components analysis (PCA). This statistical technique transforms a “…set of variables into a substantially smaller set of variables that represents most of the information in the original set of variables. Its goal is to reduce the dimensionality of the original data set” (Dunteman 1989, p. 7). 

Results of Principal Components Analyses 

The data were first examined to see if they were suitable for PCA. The KMO measure of sampling adequacy is 0.666 which, although not optimal, is still higher than the accepted minimum for factor analysis of 0.5. Bartlett's test of sphericity was used to test the null hypothesis that the variables in the population correlation matrix were uncorrelated (Foster, Barkus & Yavorsky 2005); the observed significance level of 0.000 rejected this hypothesis. This means that the strength of the relationship among the variables is strong, and that the data are suitable for analysis. PCA was used with Varimax rotation and Kaiser normalisation being applied; the rotation converged in 4 iterations. 

The mail-out survey contained 50 variables that were designed to measure values, attitudes and behaviours. Histograms and normal curves were generated for each variable. Five variables were removed because they were highly skewed which would have led to a restriction in the range of variance and less reliable scores. Four variables were removed because of poor correlations with others. A communality (the variance in each variable associated with the components of the PCA) of 0.5 was chosen as a minimum for retention of the variable. Variables were also removed from the analysis if they were not adding significantly to any factor or were cross loading over three components at a communality of 0.3 or above (Doll & Torkzadeh 1988). Ten variables were eventually used to perform the PCA. 

Three components were extracted based on choosing eigenvalues (the amount of variance in all the variables which that component accounts for) of over 1.0 and confirmed graphically by generating a scree plot. As a test for internal consistency reliability, Cronbach’s alpha measures of 0.8, 0.6 and 0.5 were generated for the components. Scores of above 0.8 are considered to be good, while scores of below 0.5 are unacceptable (George & Mallery 2003). In addition, individual alpha scores were generated for each variable, showing the effect on the overall component score if that variable was removed. However, no variables were able to be removed to improve the score. Scores for each component were saved as new variables and used to generate a profile of the water users most representing each value construct. 

The limitation of this research is the low sample size, potentially leading to an unreliable result. The 49% response rate, achieved only after two reminders and one replacement survey, means that while it might be desirable, increasing the sample size  was not likely to be achieved. A further increase in the sample size would have required more expensive telephone sampling or the introduction of irrigators from other regions with differing forms of irrigation which would then have distorted the results. A similar survey within the Namoi Valley in New South Wales using the same mail out procedures only achieved a 25% response rate (Kuehne & Bjornlund 2006b). We have compensated for the low numbers by seeking to include variables in the components that exhibit high communalities. If communalities can be kept high (above 0.6) the analysis is more forgiving of a small sample size (Mundfrom et al. 2005). 

This analysis is exploratory; it belongs to the earliest stages of research (Cattell 1952). The purpose is to identify dimensions in the data and to group these into components. Cattell suggests that this stage of research is analogous to a scientist who has discovered something but they don’t know enough about it yet to describe it (Cattell 1952). 

The PCA resulted in an initial set of 50 variables being reduced to 3 independent, composite measures that can be used to better understand irrigators’ behaviour (see table 1). An examination of these components identified three different constructs of values, each of which is held by individuals to varying extents: Custodian, Investor or Lifestyler. Each of these constructs reflects different values and attitudes to family, land, water, profit, and community, and each leads to different behaviours and management responses to the water reforms. These results are consistent with those of other Australian researchers using typologies as method (Emtage, Herbohnn & Harrison 2006). 

Table 1: Three Component Solution 
	
	Component Communalities & Alpha scores

	Variable 
	A1
	alpha4
	B2
	alpha
	C3
	alpha
	

	Family is committed to farming 
	0.790
	0.771
	
	
	
	
	

	Would like family to continue farming 
	0.768
	0.771
	
	
	
	
	

	Financial goal is sustainable business for family 
	0.743
	0.783
	
	
	
	
	

	Invest profits back in to farm 
	0.652
	0.830
	
	
	
	
	

	Like to buy land for family to farm 
	0.855
	0.772
	
	
	
	
	

	Financial goal good Return on Investment 
	
	
	0.831
	0.631
	
	
	

	Consider land values when making decisions 
	
	
	0.847
	0.397
	
	
	

	Support community by purchasing goods and services 
	
	
	0.521
	0.695
	0.696
	0.55
	

	Best to avoid exposure to large debts 
	
	
	
	
	0.768
	0.527
	0.527 

	Never consider selling home block 
	
	
	
	
	0.767
	0.463
	

	Cronbach’s Alpha 
	0.815
	
	0.5185
	
	0.608
	
	

	1 Custodians, 2 Investors & 3 Lifestylers. 4 Cronabach Alpha scores if variable removed 5 Component should be interpreted with caution due to low score. 


Discussion 

We commenced this investigation initially expecting that a two component solution might be possible with Investors and Custodians describing a profit oriented and a family oriented value set respectively (Kuehne & Bjornlund 2006a). However, three different value sets emerged from the analyses, potentially reflecting three different groups exhibiting different behaviours: 

· Custodians – focused on continuation of the family business, 

· Investors – focused on financial gain, 

· Lifestylers – focused on preserving the land, the farming tradition and their lifestyle benefits. 

The following discussion will provide a profile of the 30% of irrigators who associated most strongly with the values represented in each component and therefore were defined as members of the above three groups. It is possible that these groups explain motivations better than they explain behaviours. For example the Custodians will adopt the behaviours of Investors to achieve their family goals. However, their motivations or the ways by which they arrive at their behaviour are likely to be very different. 

Custodians 

For Custodians, working with family members is of overriding importance. Consequently they have encouraged family members to work on the farm. They strongly think that family should be an integral part of farming. Profit is not an overriding aim but is still likely to be seen as important for achieving family goals. This does mean that they are likely to behave differently to others. When they make farming decisions their concerns are economic but they are more likely to consider what the effect might be on their family. They think that family members should be supported to do the things that they’re interested in; however, because there is such a strong family farming culture this is likely to be working on the farm. 

Even though they see it as important that the family is involved with their farm, and that the farm provides employment for family members, they still see that it should be operated as a profitable business. When they have profits to invest they are more likely not to consider investing anywhere else other than in agriculture. With returns on investment of less than 1% this might seem contradictory, but they believe that they are investing where they can achieve the largest benefit to the continuity of their family farm. 

They think that exposure to large debts is acceptable, and probably even a necessity. The largest debts are likely to be associated with the purchase of extra land for family members which they are prepared to buy when opportunities arise. They consider land values when making farming decisions in that they must always be somewhat prepared to buy extra land to achieve the family’s farming goals. For them owning land is partly about the opportunities that it provides for family members to continue farming. 

They tend to agree with the saying that “a farmer’s footprints are the best fertilizer”. This metaphor is used to illustrate a more intimate approach to farming and care for the land. This group professes a strong connection to the land, but at the same time say that being involved in farming is more important than owning a particular piece of land. They tend to want to leave the land in better condition for future generations, which for this group means their family’s future generations. 

They indicate that they would not sell their water allocation even if offered an attractive price; this is likely to be because they see it as useful for expanding their business and consider it as an inherited part of their farm business (Tisdell & Ward 2003; Bjornlund 2003). They do not consider that the economic return they could obtain by selling the water outweighs the value to them of continuing their family tradition of irrigation. 

They see value in communities and support their community by attending events and functions. They are more likely to think that people should contribute to their communities more. They tend to believe that a major benefit of the farming lifestyle is working with the natural environment and the sense of fulfilment that they get from farm work. 

While others have reduced their irrigated area, irrigators in this group are more likely to have kept their irrigation area the same. They appear focused on irrigation, so much so that in the next five years they are more likely to buy extra water to achieve their stated intention of increasing their irrigated area. 

Members of this group are reluctant sellers of their land; they are less likely to have sold land in the last five years and to expect to sell land during the next five years. This could be as a result of how they value land or it could be because they are more likely to have smaller farms which, combined with an expectation of family succession, means they require more land. 

Investors 

Investors tend to have a more complex view of farming and families. They suggest that financial gain is not the only reason they are farming. They do like some of the lifestyle aspects of farming and, more than others, they like working with the natural environment. 

They believe that operating a farm is not about creating employment for the family and they are more likely to encourage family members to get a good job and work away from the farm but at the same time would like some or all of their family members to continue farming. It appears that there is a tension: they see that there are other better opportunities for their family elsewhere, but still would like them to stay working on the farm. But it is possible that there are two sub-groups rating highly on the investor factor. One looks at it as a family business just as any other business, not especially a farm -they invest in a business for their family. The second group view it as they would any other short term investment, which they will sell for a profit when they have built it up. 

They do have a business-like approach; they indicate that when they make farming decisions the main consideration is economic. They do not automatically invest any profits that they make back into the farm, but are clear that they invest the majority of profits where they can achieve the largest financial gain. They are more accepting of exposure to large debts. 

They have a less sentimental approach to land and are more likely to be willing to buy and sell land when opportunities arise. For example, if they were to sell land, they will be more likely to be prepared to sell their home block. 

They think about water as being more than just an economic good, viewing their use of water both as a right and a responsibility. Although they believe that water should be a traded commodity they indicate that they would not be likely to sell their water entitlement even if it were the best financial outcome. 

They tend to think that the most important benefits that they get from the community are the goods and services that it provides, and believe that they support the community by attending community events. 

In some respects their past management actions appear indistinguishable from the other groups, but their intentions are different. In the next five years they are not more likely to buy more water nor to sell any of their water. However they are more likely to change their irrigated production over the next five years. Maybe this reflects the fact that these irrigators have farms which already have adequate land and water and therefore have no need to purchase more. On the other hand, they might seek to increase the productivity and thereby the value of their investment by changing their production. 
Lifestylers 

Lifestylers do not consider that conducting a business for financial gain is the main reason they are farming; nor do they think that their family is their main motivation. They have more neutral feelings about the role of family - while they think it should be integral to the farm they haven’t encouraged family members to work on the farm, but they are also not any more likely to have encouraged them to get a good job and work away from the farm. 

They appear to have a stronger relationship to the land than the other two types. While they invest profits back into the farm, they are more likely to think that being involved in farming is less important than owning a piece of land. They see land as being more than just a tool or a resource. Perhaps reflecting this, they are less likely to have bought land within the last five years; they are not planning to expand their business, instead they are choosing to live on the land to gain the associated lifestyle benefits. 

It is possible that this value construct has 2 sub-groups: 1) owners of lifestyle or retirement farms who have bought the farm solely for the lifestyle benefits with no intention of conducting commercial farming; and 2) those without family members wishing to continue farming or those with an unviable farm who want to remain on the land for the benefits of the farming lifestyle (Bjornlund 2003; Emtage, Herbohnn & Harrison 2006). Farmers that fit with this value construct appear to be older than others. 

Their affinity for land does not extend quite as strongly towards water. They believe that using water is a right, but also carries with it a responsibility. They have no problems with the idea that water can be bought and sold for profit, but for themselves do not plan to sell any water unless it is absolutely necessary. They also indicate that one reason they may sell in the future would be if the price were to rise. In the next five years they are less likely to buy extra water possibly because they have no funds to do so or just no interest in pursuing production increases. 

They neither think that their goal is to develop a sustainable business for the family nor that it is to achieve a good return on investment. 

They are community focused. They see a relationship of mutual dependency, where a healthy community is necessary for farm businesses to be successful and where successful farm businesses are necessary for the community to prosper. They suggest that they want to contribute to their communities more and that other people also need to do this as well. More than others, they see that by attending community events they are providing support for the community – living in and being part of the rural community is integral to the perceived lifestyle benefits. 

Conclusions 

The irrigators in the LMRIA are experiencing a period of profound and overwhelming change (LMIAG, 1999). They are faced with having to make a decision - whether to sell their water and leave the industry, or to participate in the difficult and expensive process of the restructuring and rehabilitation program and remain as dairy farmers. With the current poor returns from dairying and attractive returns from the sale of water it would appear that any farmers remaining in the industry are not staying for reasons of profit maximisation but have been influenced by other factors.
Despite the challenges brought by the drought, the reform and restructure package, and industry deregulation it has been possible to develop a typology describing Custodians, Investors and Lifestylers that is useful for policy makers if not to use directly, at least so that they are aware of the range of possible responses to their initiatives (see table 2). 

Table 2: Typology of Farmer Values 
	
	Custodians 
	Investors 
	Lifestylers 

	Family 
	Want family to be farmers 
	Want family to be farmers, but OK if they seek other careers 
	Not as focussed on the family 

	Land 
	Won’t sell land – family will need it 
	Will buy and sell land when opportunities arise 
	More personal relationship with land 

	Water 
	Won’t sell water – family may use it 
	Won’t sell water – price may rise 
	May sell water 

	Profit 
	Profit used for achieving family goals 
	Profit for its own sake 
	Low profit focus 

	Community 
	Give to community 
	Take from the community 
	Strong community focus 


Custodians are influenced by family goals; they are more likely to want to buy extra land and water for their family and are most unlikely to sell. They expect to expand their business even in the face of poor economic returns. 

Investors are complex and apparently contradictory; while they would like their family to continue as farmers, their prime focus is not family succession into farming; they acknowledge that there may be better opportunities elsewhere. They appear more likely to be making decisions based on economic considerations. They have a less sentimental approach to their land, believing that it is acceptable to buy and sell land as needed; but they do not extend this to water. 

Lifestylers have mixed feelings towards family, wanting them to stay and work on the farm but also to gain the benefits of better careers away from the farm. They have a strong relationship to the land and are not involved in farming just for financial gain. They are not likely to buy extra water. Unlike the Custodians they’re not focused on developing a business for the family. They are attached to the land to achieve the lifestyle benefits for as long as they can and they see a strong community as a part of their lifestyle benefits. 

It is possible that actions that have been taken by the 40 dairy farmers that have left the industry have skewed the data towards Custodians and Lifestylers. If the Investors act as hypothesised they might have decided that the value gained from selling their water entitlements were greater than the values forgone from no longer being able to use the water and participating in the restructuring of the industry. 

The implications of the study’s findings are that policy makers seeking to gain the cooperation of farmers would do well to recognise that there are a variety of influences on farmers’ behaviour; and that economic instruments that assume profit maximising behaviour will, by themselves, seldom fully achieve their desired result. 
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