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ABSTRACT

In the absence of a Canadian national water policy, Alberta has developed a long-term water management plan called the Water for Life strategy.  Because irrigation activities are so prominent in Alberta, accounting for 71% of the province’s surface water use, successful implementation of this strategy will depend largely on the participation of the irrigation sector. Through a survey of irrigation officials, this study explores irrigators’ views on the likelihood of attaining one of the strategy’s main goals – a 30% increase in water use efficiency by 2015 over 2005 levels.  Irrigators’ views vary significantly as to the extent and means by which the 30% goal can be achieved and their views reflect the heterogeneity of farming conditions within the area.  Hence, instead of a broad-based approach, implementation of the strategy will require research into developing economic instruments that can be effective under local conditions.  This involves gaining a thorough understanding of the variability of factors that influence farmer’s decisions while being mindful that, as this study discovers, economic instruments as a concept have little support in the irrigation industry.  
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INTRODUCTION
Irrigation is the largest consumer of water in southern Alberta and the success of any water management policy largely depends on this sector’s reaction. Recent research suggests that irrigators’ responses to new water policy instruments can be unpredictable.  Responses are influenced by local production conditions, output and input prices, and individual characteristics of irrigators, including goals, debt situations, and family stages (Gomez-Limon and Riesgo, 2004; Maybery et al, 2005; Kuehne and Bjornlund; 2006, Bjornlund, 2002).  If new policy measures are contemplated, it thus is very important that they are based on a thorough understanding of local conditions. 
The province of Alberta (in western Canada) has introduced several new water management policies in recent years that reflect international trends that have emerged since the Rio Convention in 1992.  The passage of the Water Act in 1999 and the Irrigation Districts Act in 2000 allowed limited use of water markets.  This was followed by release of the Water for Life strategy in November 2003.  This strategy places Alberta at the forefront of new water management strategies in Canada. It establishes future objectives for water resources and acknowledges that a major shift needs to take place in the way water is managed.  
The Water for Life strategy states that future demands for water to ensure continued economic growth, support a growing population, and secure healthy rivers and lakes might exceed available supply.  The goals of the strategy are ambitious and have narrow timelines:  

· evaluate the merits of using economic instruments to meet water conservation and productivity objectives by 2007;

· ensure that Albertans understand the value of water to the economy and quality of life by 2007;

· prepare water conservation and productivity plans for all water using sectors (best management practices) by 2010;

· implement economic instruments as necessary to meet water conservation and productivity objectives by 2010; 
· complete watershed management plans by 2015 and,
· improve the efficiency and productivity of water use by 30% by 2015 (relative to 2005).

Alberta’s Water for Life strategy emphasizes that the existing water entitlements will not be reduced, and that the reallocation of water away from existing users to new users will be voluntary. The strategy provides no implementation details other than to indicate that economic instruments, best management practices, and public involvement in water planning processes will be used to create incentives that would lead to fulfillment of the strategy’s objectives.  

The purpose of this study is to determine the extent to which irrigation officials in southern Alberta believe that the ambitious goals of the Water for Life strategy can be met successfully.  Since the agricultural sector is the major consumer of water in southern Alberta, we examine: a) how this sector has reacted to the new policy goals and the main policy tool, the use of economic instruments to improve the efficiency of water use by 2015; b) how these reactions vary across the study region reflecting the heterogeneous nature of farming conditions; and c) how this is likely to influence the successful achievement of the Water for Life strategy. Finally we discuss how new policy instruments should be introduced for greater effectiveness.
experience with the use of economic instruments
The two primary economic instruments used in irrigation water management are water markets and water pricing. Experience in using these instruments is limited (Marbeck, 2005; PRI, 2005) and not readily transferable.  Outcomes have been found to be unique to local conditions including the institutional framework, the extent of water scarcity, soil and climatic conditions, cropping patterns and water conveyance infrastructure. As a result, the reported outcomes of such instruments often have been unexpected and inconsistent with policy expectations (Gomez-Limon and Riesgo (2004); Kuehne and Bjornlund, 2006)
Water markets exist in regions of the world where there is considerable water scarcity, such as Chile (Briscoe et al, 1998), Australia (Bjornlund, 2004, 2006a) and parts of the United States, including California, where there are significant differences between the marginal value of water in urban and irrigation uses (Howitt, 1998; Haddad, 2000; Dosi and Easter, 2000).  Water markets have been introduced in Alberta, but use has been very limited to date (Nicol and Klein, 2006).

In Australia the main drivers of the adoption of water markets have been scarcity, the removal of barriers to trade, and the introduction of more flexible market mechanisms (Bjornlund, 2006b). Market participation first increased in regions with the greatest potential for financial tradeoffs between efficient irrigators who produced high value crops on good quality soils and those who had inefficient irrigation equipment, produced low value crops and/or had unsuitable (salty) soils (Bjornlund, 2006b). Over time, irrigators increasingly have treated water allocations like any other production input that is purchased and sold, depending on commodity prices and the price of water during any given season.  However, there is still an entrenched perception that water entitlements are an inherent part of the property that irrigators are reluctant to sell (Bjornlund, 2003; Tisdell and Ward, 2003). 

 In Chile, water markets function in very specific areas - in well-regulated river basins in arid areas of the country where water moves from low to high value uses and where prices are responsive to temporary and long-term changes in availability (Briscoe et al, 1998). However, some authors have described mixed market outcomes (Bauer, 2004; Hadjigeorgalis and Lillywhite, 2004). 

Water markets have existed for many years in the United States (OECD, 2002).  In California, where water trading represents only 3% to 6% of annual water use (PRI, 2005), spot and options markets have become integral parts of California’s water supply system (CABREE, 2003, p. 9). However, trade in California and other western states has at times been associated with large exports of water out of rural areas and into cities, creating significant social and economic impacts in the exporting communities and resulting in negative environmental impacts (Colby, 1998; Haddad, 2000).

The literature is inconclusive in its assessment of the ability of water pricing to reduce 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 have found that an increase in water price may induce positive responses only in the range of prices where demand is elastic (De Fraiture and Perry, 2002). However, it has been argued that such price levels often are outside what is politically feasible (Perry, 2001) as they might have a detrimental impact on local farm incomes and employment (Gibbons, 1986; Berbel and Gomez-Limon, 2000; OECD, 2002; Massarutto, 2003; Bazanni et al., 2004).  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 fallow and on the choice of irrigation technology. They noted that the high cost of changing irrigation technologies and crops influence responsiveness.

Other studies concluded that water pricing will barely reduce quantity demanded and should not be expected to contribute to water conservation efforts (Malla and Gopalakrishnan, 1995; Garrido, 2000; OECD, 2002; Masssarutto, 2003). Simulations of the use of volumetric water pricing, planned under the European Union’s full-cost recovery directive, found that irrigation water use concentrates on high value products that require greater quantities of water (Massarutto, 2003).  Berbel and Gomez-Limon (2000) concluded that water pricing reduces the range of crops profitable for irrigation and results in the farming sector becoming economically vulnerable due to the limited number of alternate strategies available.

Finally, some studies reveal that water pricing can yield the anticipated outcomes. Wichelns’s (2006) case study of the effects of implementing a two-tiered block-pricing regime in a small irrigation district in central California found that farmers whole-heartedly embraced the system and strived to minimize water use in order to avoid the highest price level.  Tiered pricing became viewed as a fair method and was ultimately established as a permanent district policy.  

Study area and survey design
There are 13 irrigation districts and many private irrigators in the South Saskatchewan River Basin (SSRB) in Alberta.  Together, private irrigators and irrigation districts account for 75% of the volume of SSRB water allocation (AENV, 2002). The source of water for irrigation includes two major river systems – the Bow and Oldman Rivers.  Three irrigation districts, the Bow River, Eastern and Western, receive irrigation water from the Bow River. All other districts receive their water from the Oldman River and its southern tributaries (Figure 1).  

(Figure 1)

Irrigation districts are located across a broad area of the southern portion of the province, and include about 560,000 ha in total. The districts are managed under the Irrigation Districts Act (2000). Irrigable areas are registered on the district’s assessment role and irrigators constitute the district’s ratepayers.  Irrigators pay a flat annual fee per hectare for administrative and maintenance services and to cover 25% of the cost of repairing and upgrading the infrastructure, with the rest paid by the provincial government. The flat fee varies from as high as $45.00 ha-1 in the St. Mary River Irrigation District to as low as $18.50 ha-1 in the Eastern Irrigation District (AAFRD, 2005a). This large variation in rates is reflective of whether or not the irrigators have piped and pressurized water supply and if irrigation districts have alternative sources of funding (some districts also supply water to municipalities, golf courses, feedlots, oil and gas firms, and other industries). Irrigators do not pay for the water itself, nor do they pay for the cost of the major head works and other infrastructure required to deliver water to the points where districts divert the water.  Most of the irrigation districts have reached the expansion limits set in 1991.  The Bow River and Eastern Irrigation Districts have the greatest scope to increase irrigated area, by about 6,300 ha and 11,100 ha, respectively, while several other districts, including Lethbridge Northern, Ross Creek, and United have some room for expansion (AAFRD, 2005a),

We surveyed irrigation district managers and members of their boards of directors. Each district has one general manager and from three to seven board members, depending on the size of the district.  We identified 68 potential participants in the 13 irrigation districts.  Questionnaires were distributed through the mail in March 2005.  Forty-one questionnaires were returned, for a response rate of 60%.  At least one respondent from each of the irrigation districts participated in the survey.  Data from the survey were supplemented by on-site personal interviews with irrigation district managers, conducted between July 25 and August 18, 2005.  The survey therefore represents a comprehensive assessment of the industry’s views and perceptions. While the district managers and directors might represent a managerial view, within our study area most are active farmers within the districts who have a thorough understanding of the thinking and perception of irrigators in the area.
To assist in the analysis of how the perception of the Water for Life strategy varies across the region based on production characteristics, the irrigation districts were separated into three groups based on location and water source.  The irrigation districts within each of these groups tend to have common characteristics relating to farm size, soil conditions, precipitation, number of frost free days, water storage, irrigation water availability, and access to nearby commodity markets.  Responses recorded during the interviews were then tabulated according to the groups of irrigation districts.
Grouping of Irrigation Districts
The first group, entitled the Bow River group, consists of the Western, Eastern, and Bow River irrigation districts, situated between Calgary and Medicine Hat (Table 1). Irrigation water for these districts is diverted from the Bow River. The Eastern and Bow River irrigation districts are among the largest of the 13 irrigation districts and have the highest percentage of large farms.  More than half the farms are larger than 65 ha. These two districts can increase their irrigated area considerably before their expansion limit has been reached.

Irrigation districts in the Central group generally are located between Lethbridge and Medicine Hat.  The primary sources of water are the St. Mary and the Oldman Rivers (Table l).  Except for Ross Creek Irrigation District, the farms in this group are relatively large.  About 35% of farms are larger than 65 ha. 

(Table 1)
The Southern Tributaries (of the Oldman River) group of irrigation districts is located in the southwestern part of the province. Three of the irrigation districts obtain water from the Belly River while the others obtain their water from the St. Mary and Waterton Rivers.  The irrigation districts in this group are among the smallest in terms of assessed area. Many of the farms are relatively small. Most are smaller than 65 ha and some are recreational properties.   

Efficiency factors of water use in southern Alberta
For the purpose of this study, on-farm water use efficiency relates to the fraction of water delivered to the farm that actually reaches the root zone of crops.  The greater the efficiency, the less water is lost to evaporation, surface run-off and seepage.  
There are many methods by which irrigation farmers can increase on-farm water use efficiency, including replacement of high pressure sprinklers with low pressure sprinklers, improved scheduling of water applications to coincide with specific stages of plant growth, more watering during nights and cooler weather, more accurate irrigation scheduling using moisture probes or other irrigation scheduling tools, and a host of other improved management techniques.  
In southern Alberta, Alberta Agriculture, Food and Rural Development (AAFRD) has collected data on the differing efficiencies of specific irrigation systems used by farmers in the 13 irrigation districts during certain years.  Based on these field tests, literature searches and consultations with other jurisdictions, a range of application efficiencies for each type of irrigation equipment and method was derived for southern Alberta. Not surprisingly, AAFRD found that different irrigation equipment provide different levels of water use efficiency (AIPA, 2002).  Depending on whether pivot irrigation pressure is high or low, efficiencies range from 74% to 80%.  Lateral and hand move wheel systems deliver between 65% and 70% efficiency.  Undeveloped surface irrigation delivers 30% efficiency.  Hence, efficiency gains can be made by shifting from gravity to wheel move to pivot irrigation systems. Holding other management factors constant, the changes in irrigation equipment used by farmers in southern Alberta has approximately doubled on-farm irrigation efficiency over the 34 years from 1965 to 1999 (Table 2).   
Table 2
The scope to increase water use efficiency by changing irrigation methods is greatest in the Southern Tributaries group where gravity irrigation is used on more than 20% of the irrigated area and pivot systems are used on less than 40% of the land.  The Bow River group also has potential to increase water use efficiency through modifications to irrigation methods.  The potential for increasing water use efficiency, however, is influenced also by soil quality, topography and financial constraints. It needs to be kept in mind that some of the gains in water use efficiency will result in reduced seepage, which, in turn, will result in reduced return flow to the rivers, leaving less water for environmental purposes and less supply for downstream users. It could therefore be argued that most of the net water conservation effect of improved water use efficiency in the delivery system is derived from reduced evaporation.  Further, the use of any water savings captured from increased on-farm and system efficiency is unclear under the Water for Life strategy.  Alberta legislation entitles water license holders to consume all the water they are allowed to extract under their license. The license holders therefore determine the use of their water savings. Only if policies or other processes are developed that ensure or encourages that the conserved water is transferred to the environment or to new water users will the policy objectives of improved environmental flows and increased supply to new water users be met by water conservation measures. 

The economic efficiency of water use on farms depends on total returns from crops grown under irrigation (yield times output price), the cost of inputs, and the on-farm water use efficiency. Switching from lower to higher value crops can increase economic efficiency of water use but soil quality, water availability, number of frost free days and heat units, availability of processing industries, and other factors can restrict crop choice. 
Figure 2 highlights the differences in soil type among the groups of irrigation districts. Soils are primarily brown (brown and dark brown chernozemics) in the Bow River and Central group and black (black chernozemics) in the Southern Tributaries group. As soil changes from brown to black, the surface layer increases in thickness and percentage of organic matter, and yields generally are higher. 
(Figure 2) 

While the Southern Tributaries group has the blackest soil, other factors relating to water storage, precipitation, number of frost free days and heat units have led farmers in this group of irrigation districts to grow lower-value crops. Table 3 provides calculations of water storage as a percentage of water licenses by irrigation district.  The data show that, except for the Western Irrigation District, water storage capacity diminishes significantly from the Bow River group to the Southern Tributaries group: from as high as 150% in the Lethbridge North Irrigation District to as low as four percent in the United Irrigation District.

(Table 3) 

Water availability from rivers tends to be the least reliable for the Southern Tributaries group and most reliable for the Bow River group. The Oldman River has 70% of median flow allocated compared to 68% for the Bow River. The allocation level in southern tributaries of the Oldman River is so high that the issuance of new licenses ceased in 2001 (St. Mary River – 118% of median; Belly River – 80% of median; Waterton River - 75% of median). As a result, the Bow River group has never experienced restrictions on water use while the Central group has experienced restrictions during exceptional drought years only.  The Southern Tributaries group has experienced the most frequent and severe restrictions on water use. Further influencing the different levels of reliability in the Bow and Oldman Rivers is the fact that in the Oldman River as much as 87% of all water is allocated to irrigation while only 76% is allocated for this purpose in the Bow River. 

Data collected from meteorology stations across the irrigation districts from 1970 to 2003 indicate that average precipitation throughout the growing season and on an annual basis has been highest in the Bow River group, with slightly lower levels in the Central group and the lowest in the Southern Tributaries group (Table 4).

(Table 4)

Critical to the ability to grow a range of crops and enhance flexibility of production are the length of the growing season and the amount of heat units received. The Central group has the most favorable conditions, experiencing the longest growing season and the greatest number of heat units (Table 4 and Figure 3). These conditions are less favorable in the Bow River group and least favorable in the Southern Tributaries group.   
 (Figure 3) 

The factors described above provide the rationale for the differences seen in crops grown in the different groups of irrigation districts (Table 5). The Central group has the most favorable growing conditions for specialty crop production in terms of frost free days and heat units.  While water storage capacity is not as high as in the Bow River group, restrictions have so far been few and limited to the worst drought(s). Although that area does not have the most productive soil or the greatest level of precipitation, the application of fertilizers helps remedy soil quality issues and extensive irrigation supplements precipitation.  It is therefore not surprising that the greatest concentration of specialty crop production is found in the Central group where vegetable processing industries are concentrated and where contract growing is therefore possible. Some specialty crop production also occurs in the Bow River group where frost free days and heat units permit (Figure 3). Lower value forage and cereals, which require less water, shorter growing season, and less heat, comprise almost the entire crop production in the Southern Tributaries region where there is the least water availability through river systems and storage capacity.  In years when water is available, this group has considerable flexibility to increase irrigation on these lower-valued crops and grazing areas. 

(Table 5) 
Survey results
The survey asked a series of questions relating to the use of economic instruments and the ability to achieve the improved efficiency target mentioned in the Water for Life strategy document.  Respondents were asked whether a 30% target was achievable and which approaches would be most likely to achieve it.  Respondents were asked to base their answers on a rating of one to five with one being very low and five being very high.   

Use of Economic Instruments
The majority of respondents (63%) believed that productivity and conservation measures should be achieved voluntarily.  There was very little support for the use of economic instruments (Table 6).  When asked “Do you think water within irrigation districts should be managed using economic instruments such as prices, subsidies, taxes, cash incentives or water markets?” 76 % of survey respondents said “no” with the support clearly lowest in the Southern Tributaries group where the majority of low value crops are grown. When the economic instruments were listed individually, even support for subsidizing producers to improve the efficiency of irrigation equipment was weak, with a maximum of 21% respondents agreeing.  Agreement with the different instruments varied substantially among groups reflecting their different production conditions. 
The Central group, with the highest level of specialty crop production, favored volumetric based pricing and subsidies to improve irrigation equipment and achieve water conservation. This group also had a relatively high level of support for water allocation transfers as this mechanism helped them manage the 2001 drought (Nicol and Klein, 2006). In this respect, it might be surprising that the level of support is so low. Interviews with district managers suggest they might prefer to see the trading of water allocations as a drought emergency facility rather than as an institutionalized mechanism. 
The Southern Tributaries group was most favourable to the fixed price for water, reflecting their lower level of irrigation efficiency and lower valued production. They were least in agreement with subsidies as they did not think they could afford these investments regardless of the subsidies. The Bow River group had the highest level of support for water markets and especially the water rights market. This is likely because they have the most reliable and highest level of supply and therefore might see greater opportunities for trade both within and outside the area. Interviews with area managers suggest these irrigation districts have a high level of awareness of non-irrigation business opportunities.
(Table 6)
Likely approaches to achieve efficiency improvements
When asked whether or not irrigation districts should participate in the goal of achieving a 30% increase in efficiency of water use, support was weak.  This major objective of the Water for Life strategy was endorsed by only 43% of respondents.  Support was weakest in the Central group (33%) with somewhat stronger support in the Bow River and Southern Tributaries groups, both with 50% of respondents who agreed or strongly agreed. Irrigation efficiencies in the Central group already are relatively high and this group already is suffering supply problems during dry years. Discussions with irrigation district managers indicated that weak support may largely reflect the view that the 30% target is seen as being too ambitious and that more moderate gains in water use efficiency may be more realistic.
About half the respondents believe the economic efficiency of water can be improved to meet the 30% target while only 26% of respondents believe water use efficiency can be improved to meet the target (Table 7). Expectations are lowest in the Central group where water use efficiency already is the highest and opportunities to improve, therefore, are the lowest. Expectations are the highest in the Southern Tributaries group where easy opportunities exist.
(Table 7)

While responses may suggest lack of support for the strategy’s main initiative, several respondents qualified their answers about the 30% targets being too high by stating that a lower target might be achievable.  Some respondents also noted that each irrigation district should be treated separately.  Most respondents indicated that poor commodity prices presented financial constraints to this initiative.  Some of their comments are provided in the box below.
	Should Irrigation Districts Participate in the 30% Efficiency Goal?

“Yes, if the number is reasonable, 30% is not”

“Yes, using a combination of variables”

“Not as worded, the process for irrigation started before 2005 by several years”

“This is not attainable”

“Yes – we have some room for improvement, but not able to meet the proposed 30%  target”

“Irrigation districts have already improved efficiencies by 30%  over the last approximately 20 years and a further 30%  increase in efficiency and productivity is probably not possible”

“Yes, within reason.  Many have made big improvements”

“Yes but each district should be looked at separately.  Some have already made large efficiency improvements”

“Yes, if the return from crops was such as to pay for making the changes”

“The crop does not justify new, better equipment”

“If we received a fair price for our commodity we could improve our ways”


Despite some reluctance to embrace the efficiency target, there remains a belief that some gains can be achieved.  When asked which methods irrigators would most likely use to increase water use efficiency, modifying existing irrigation equipment and investing in new equipment were ranked as likely methods by 87% and 81% respectively (Table 8). 
(Table 8)
Confirming the potential for the greatest efficiency gains in the Southern Tributaries group, where on-farm efficiencies are only 61%, improving existing irrigation equipment was rated as the most likely method in that group .  The same proportion in the Bow River group felt this is possible, although on-farm efficiencies there already are 69%.  The Central group of irrigation districts, with the highest efficiency of 73%, had the lowest number of respondents believing this is a likely improvement in their irrigation districts.  Investing in new, more efficient equipment was considered most likely in the Bow River and Central groups. With big investments in specialty crop production and irrigation water being essential for these water demanding crops, there may be a greater willingness and ability to pay for new equipment given the opportunity to further expand that production. This option was rated least likely in the Southern Tributaries group where production conditions make this investment least viable. 
Many of the respondents also considered gains in water use efficiency through improved management practices such as changing time of irrigating, irrigating less, and changing from crops with relatively high water requirements to crops with lower water requirements. The Central group rated the options of efficiency gains by changing from crops with high water requirements to crops with lower water requirements and changing the time of irrigating considerably higher than the other groups.  This was likely because this group has the greatest diversity of specialty crops, access to processors, and higher water use efficiency that result in a higher level of flexibility to apply these two options. The other alternatives, including irrigating less land and using internal transfers among crops more frequently, were ranked as the least likely methods for achieving gains in water use efficiency across all groups. These findings indicate that while two main methods of achieving efficiency gains were identified, both associated with improving irrigation technology, the final efficiency improvement will be the result of a variety of approaches taken under different circumstances.  Given the low probability of achieving the 30% objective expressed by irrigators, it is important that both improved technology and improved management practices should be encouraged and used.
Table 9 summarizes the results with respect to the most likely method of increasing economic efficiency of water use.  Modifying existing irrigation equipment and investing in more efficient irrigation equipment seem to be the most likely methods with 82% of respondents ranking these options as likely.  The Southern Tributaries group rated these methods the highest. Also, 58% of respondents ranked changing crop mix as a likely method of increasing economic efficiency of water use. By far the most optimistic group was the Central group. Few respondents believe changing time of irrigating and using internal transfers more frequently will enhance efficiency.  Increased fertilizer application was considered a likely method only by those in the Southern Tributaries group, perhaps because present fertilizer use is lowest in this area and that potential gains could be achieved with greater fertilizer use. This supports the view that policies need to be tailored to specific irrigation districts as opposed to a general policy that covers the entire area.  
(Table 9) 
Conclusions
Demand for irrigation water in Alberta is determined by many factors that differ among irrigation districts. Irrigation district managers and board members believe that only small gains in water efficiency are possible, and that gains can best be made by modifying existing equipment and purchasing new equipment while lesser expectations are associated with gains from changing management practices.  To achieve the best outcomes, different methods need to be encouraged across the irrigation sector in the South Saskatchewan River Basin due to the heterogeneity of resources, production conditions and financial constraints. Approaches to modify irrigation water use, including the choice of economic instruments, need to be tailored at a disaggregated level for greater effectiveness.  

Based on on-farm efficiencies of water use, the greatest gains can be made in the Southern Tributaries group of irrigation districts but, considering that this group accounts for only 8% of irrigated land, this would have only limited impact on overall efficiency of water use in the SSRB.  Financial capability of farmers is a constraining factor for improving water efficiency. The Central group of irrigation districts has the greatest diversity of crops and recognizes that changes in crop mix may provide some gains. Shifting to higher value crops may be limited in the Southern Tributaries and the Bow River groups due to unsuitable soil, climatic constraints, lack of nearby processing industries, and poor finances.   

These results provide direction for implementation of the Water for Life strategy as well as lessons for policy makers in other jurisdictions who consider implementing similar policy reforms. The government needs to adjust its expectations concerning the extent of efficiency gains in the irrigation sector and recognize that the greatest gains can be achieved if the approach differs across irrigation districts. The low level of expectations of achieving efficiency gains through improved management practices suggests that more education and information programs are needed to improve the understanding of the potential benefits associated with the use of different management practices.  The efficiency gains from such improvements are potentially very high, while gains from improvements to irrigation technologies, regardless of the great potential, might be limited due to financial and other constraints impeding investment by irrigators.
However, basing the development of economic instruments on experience gained elsewhere will be challenging because experience is limited, and is unique to local conditions. Outcomes of the application of economic instruments can be positive but they also can be unexpected and undesirable, and some initiatives come with large set-up costs. Given these considerations, the government should not approach the development and implementation of economic instruments without further research into developing tools that clearly illustrate the costs and benefits of such instruments, based on local conditions. Design and implementation should be approached cautiously and be based on a thorough understanding of their impacts and water users’ likely management responses to their introduction.  
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	Table 1: Irrigation district area, farm size and irrigation water source



	Group
	Assessment roll ha
	Percentage of farms smaller than 65 ha
	Water source (river)

	Bow River 
	
	
	

	     Bow River
	87,630
	43
	Bow

	     Eastern
	114,781
	52
	Bow

	     Western 
	39,067
	77
	Bow

	Central 
	
	
	

	     Lethbridge North
	71,052
	63
	Oldman

	     Taber
	33,393
	75
	St. Mary, Waterton,

Belly

	      St. Mary River
	150,943
	64
	St. Mary, Waterton,

Belly

	      Ross Creek
	490
	N/A
	Gros Ventre Creek

	Southern Tributary 
	
	
	

	      Aetna
	1,461
	95
	Belly 

	      Mount View
	1,502
	80
	Belly 

	      Leavitt
	1,928
	95
	Belly 

	     Magrath
	7,414
	74
	Belly, St. Mary, 

Waterton

	     United
	13,797
	72
	Belly, Waterton

	     Raymond
	18,736
	80
	Belly

St. Mary, Waterton

	Source: Column 2 data are from AAFRD, 2005a.  Column 3 data are adapted from personal correspondence, Bob Winter, September 28, 2005.  Column 4 data are from AIPA, 2002.


	Table 2: On farm irrigation method (2004) and on-farm water use efficiency 1965 and 1999

	 
	 
	On-farm irrigation method² º
	On-farm water use efficiency¹ ³

	Group
	Pivot
	Wheel Move/ Sprinklers
	Gravity
	Other
	1965
	1999

	Bow River
	55.4
	17.8
	26.0
	0.8
	34.7
	69.0

	Central
	70.7
	25.1
	3.6
	0.7
	36.3
	73.0

	Southern Tributaries
	38.8
	36.9
	22.2
	2.1
	30.7
	61.1

	¹ Source AIPA, 2002.; ² Source  AAFRD, 2005a

	³ Water use efficiency is defined here as the percentage of the applied water which is used by the crop

	º % of irrigated land using the four methods of irrigation


	Table 3: Water storage capacity as a percentage of water license  (2004)

	Irrigation district(s)
	Percent

	Western
	7

	Bow River
	100

	Eastern 
	69

	Lethbridge North
	150

	St. Mary, Taber, McGrath, Raymond
	51

	Mount View, Levitt, Aetna
	24

	United
	4

	Source: Adapted from AAFRD, 2005a
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Table 4: Precipitation and heat variables, Averages 1970-2003

Group

Precipitation¹ ² ³ Heat variables¹

Frost free days

º  Heat units are a measure of useful heat for the growth and development of crops. For example, 

corn heat units are quantified by accumulating the daytime air temperature over 10 degrees 

Celsius and the nightime temperature over 4.4 degrees Celsius

¹ Source AAFRD meteorology stations. ² Measured in milimeters. 

³ These figures should be used with some caution as there are few observation stations

Central

Southern tributaries


	Table 5: Percentage of assessment roll area by crop type and group, weighted average 2004

	Group
	Cereals
	Forages
	Oil seeds
	Specialty crops
	Other



	Bow River
	28.2
	48.2
	10.8
	10.7
	2.9

	Central
	32.0
	40.7
	9.6
	16.4
	1.4

	Southern Tributaries
	33.4
	57.0
	6.8
	1.6
	0.4

	Source: Adapted from AAFRD, 2005a

Note: “weighted average” was calculated by taking the percentage of assessment roll acres by crop by district, weighted according to the percentage of the total assessed acres of each district within the major grouping. 


	Table 6: Percentage of respondents who agree with the use of economic instruments

	
	Percentage of respondents by group

	Economic Instrument
	Total
	Bow
	Central
	Southern

	In General
	24
	31
	27
	17

	Water Rights Transfers
	8
	14
	0
	9

	Water Allocation Transfers
	15
	21
	15
	9

	Fixed Price for Water
	13
	14
	0
	27

	Price Based on Volume Used
	13
	7
	23
	9

	Subsidize Producers to Improve Irrigation Equipment
	21
	21
	23
	18

	Cash Incentives to Conserve Water
	15
	14
	23
	9

	n values are as follows: total = 39, Bow = 14, Central  = 13, Southern = 11


	Table 7:  Achieving the targets of increased efficiency is possible?

	
	Percentage who responded yes

	
	Total
	Bow
	Central
	Southern

	Water use efficiency
	26
	29 
	8 
	46 

	Economic efficiency
	49
	50 
	36 
	52 

	n values are as follows: total =37, Bow = 12, Central = 12, Southern = 11


	Table 8: Ranking of methods of increasing water use efficiency

(Percentage of Respondents Answering “Most Likely”1)

	
	Total
	Bow
	Central
	Southern

	Make improvements to existing irrigation equipment
	87
	92
	73
	92

	Invest in new, more efficient irrigation equipment
	81
	85
	91
	67

	Change time of irrigating
	27
	  9
	60
	17

	Applying less water
	23
	17
	11
	42

	Change from crops with relatively high water 

requirements to lower water requirements
	40
	36
	46
	33

	Use internal transfers between crops more frequently
	35
	46
	36
	27

	1 Rated 4 to 6 on a 1 to 6 scale with 1 being least likely and 6 being most likely

	n values are as follows: total = 37, Bow = 13, Central = 11, Southern = 12


	Table 9: Rating of methods of increasing economic efficiency of water use
(Percentage of Respondents Answering “Most Likely”1)

	
	Total
	Bow
	Central
	Southern



	Modifying existing irrigation equipment
	82
	79
	73
	92 

	Invest in new, more efficient irrigation equipment
	82
	79
	82
	83

	Change timing of irrigation
	22
	31
	20
	17

	Change mix of crops produced
	58
	43
	73
	58

	Use internal transfers between crops more frequently
	31
	36
	46
	10

	Increase fertilizer application
	32
	  7
	27
	67

	1 Rated 4 to 6 on a 1 to 6 scale with 1 being least likely and 6 being most likely

	n values are as follows: total = 38, Bow = 14, Central = 11, Southern = 12
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		Table 2: On farm irrigation method (2004) and on-farm irrigation efficiency 1965 and 1999

						On-farm irrigation method								On-farm irrigation efficiency

		Group				Pivot		Wheele Move/ Sprinklers		Gravity		Other		1965		1999

		Bow River				55.4		17.8		26.0		0.8		34.7		69.0

		Central				70.7		25.1		3.6		0.7		36.3		73.0

		Southern Tributaries				38.8		36.9		22.2		2.1		30.7		61.1

		1) Source AIPA, 2002; 2) Source AAFRD, 2005a.

		Irrigation efficeincy is defined here as efficiency in delivering water to the soil root zone

		Table 4: Precipitation and heat variables, Averages 1970-2003

						Precipitation¹ ² ³				Heat variables¹

		Group				April to October		Annual		Frost free days				Corn heat unitsº

		Bow River				262		333		165				2311

		Central				238		315		172				2417

		Southern tributaries				223		290		164				2264

		¹ Source AAFRD meteorology stations. ² Measured in milimeters.

		³ These figures should be used with some caution as there are few observation stations

		º  Heat units are a measure of useful heat for the growth and development of crops. For example, corn heat units are quantified by accumulating the daytime air temperature over 10 degrees Celsius and the nightime temperature over 4.4 degrees Celsius
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