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Despite the importance of adopting improved irrigation technologies to increase on-farm
irrigation efficiency, our understanding of what determines farmers’ adoption decisions in
southern Alberta remains relatively poor. The overall goals of this study are to examine the
extent of adoption (proportion of all irrigators that have started the adoption process), how
far along they are in the adoption process, and the intensity of adoption (percentage of
irrigated land on which the technology is adopted) of improved irrigation technologies in
southern Alberta, and to assess the major factors that influenced farmers’ adoption deci-
sions. The data were collected in a farm-household survey conducted in the 12 largest
irrigation districts (IDs) as well as among private irrigators in southern Alberta. Results
show that adoption of improved irrigation technologies is widespread at various levels of
intensity. By 2011, 81.3% of farmers had started the adoption process, are now using some
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kind of improved technology to apply water to their crops, and used it on 76.8% of all
irrigated land. The most commonly used irrigation technology is a low pressure center
pivot system. Receiving support services following the adoption decision played an im-
portant role in increasing the intensity of adoption. Obtaining information on irrigation
technologies from individual farmers or farmers’ associations, and extension agencies
significantly influenced farmers’ decisions to adopt. Farmers who increased their social
capital through attending meetings related to agricultural production practices were more
likely to adopt while farmers who participated in recreational or social organizations were
less likely to adopt. Finally, the extent and intensity of adoption are higher for those with
corporate farm structure, larger families, more generations of ownership and higher
education.

Keywords: Improved irrigation technologies; adoption; intensity of adoption; factors
influencing adoption; Alberta.

1. Introduction

Irrigation plays an important role in promoting socio-economic development in
Alberta, the fourth largest province in Canada by population. It was recently
estimated that Alberta’s irrigation sector annually contributes about CADS$ 3.6
billion to the provincial gross domestic product (GDP) and, with related input
supply and output processing sectors, contributes about 20% of the total provincial
agri-food sector GDP on 4.7% of the province’s cultivated land base (Paterson
EWCL 2015). Most of the surface water in Alberta is found in the northern part of
the province while most of the population and agricultural/industrial demand for
water is in the south. Historically, the stable agricultural base created by irrigation
in southern Alberta has fostered the growth of many small towns, three medium
size cities and one large city that now support their own development.

A major challenge to the continuation and expansion of economic growth in
Southern Alberta, especially during years of reduced precipitation, is the allocation
of available water among the different groups of users. The irrigation community
(made up mostly of 13 organized irrigation districts (IDs) but also a large number
of private irrigators who get their water directly from rivers and streams) holds a
large proportion of existing water licenses in southern Alberta. With a rapidly
growing population, municipal services and the industrial base require ever more
quantities of fresh, clean and safe water. Also, growing recognition of the im-
portance of environmental quality of the surface water resource has created a
demand for less commercial use of the available water.

Total surface water use in Alberta increased from less than 1 billion cubic
meters in 1900 to 3 billion cubic meters in 1950, and to 9 billion cubic meters in
2000 (Piersol 2010). Prior to the 1950s, the increase in surface water use was due
mostly to the development of irrigated agriculture, accounting for more than 90%
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of total surface water allocation. This had fallen to about 60% by 2000 as a result
of increased water use by other sectors (despite the growing area under irrigation)
(Piersol 2010). It has been projected that total surface water use in Alberta will
increase by 21% by 2025, which will put much additional pressure on the limited
water supply in this region (Alberta Environment 2007).

The government of Alberta has recognized the increasing water challenges and
adopted an integrated water management approach to cope (Ramin 2004). The
government developed two important policy strategies that integrate water and
land management in the province: the Water for Life strategy in 2003 and the Land
Use Framework in 2009 to integrate land and water management (Bjornlund and
Klein 2015). One of the key goals of the Water for Life strategy is to improve
“efficiency and productivity of water use by 30%”. Klein et al. (2012) showed that
lack of baseline measurements or, indeed, of specified measurement criteria, make
it difficult to assess area-wide progress in improvements of efficiency in the use of
water for irrigation. As a result, most of the attention has been directed at the input
side, i.e., reducing the amount of water that is applied per unit area. Bennett et al.
(2015) found that changes in irrigation systems and water conveyance infra-
structure in the IDs of southern Alberta reduced gross irrigation demand per unit
area by 74 mm from 1999 to 2012, with a 55 mm reduction in on-farm irrigation
demand and a 19 mm decrease in conveyance losses. Reductions in on-farm irri-
gation demand have been attributed to upgrades to irrigation systems that sprinkle
water more uniformly with less pressure (to reduce evapotranspiration). Alberta
Agriculture and Rural Development (2013) estimated that improvements in water
application technologies in southern Alberta from flood to wheel move to high
pressure center pivot and to low pressure center pivot have led to improvements in
on-farm irrigation efficiency (defined as the percentage of water delivered to the
field that reaches the root zones of irrigated crops) from 34% in 1965 to 77.5% in
2012. While that represents remarkable progress over a nearly 50 year period,
further improvements to on-farm irrigation efficiency depend on irrigators’ deci-
sions to continually adopt new technologies and management practices. Surveys of
irrigators in 2006/07 suggest that the rate of adoption has slowed but also showed
that there was plenty of room for improvement (Bjornlund et al. 2008).

As the major user of surface water supplies in southern Alberta, irrigators face
increasing public pressure to use less water for irrigating crops so that more water
could be made available for industrial and municipal uses as well as for supporting
environmental objectives. Despite the importance of adopting improved irrigation
technologies to achieve this goal, our understanding of what determines farmers’
irrigation strategies remains relatively poor, which limits policy makers’ and water
managers’ ability to predict the outcomes of new water policies, such as those
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espoused in Alberta’s Water for Life strategy. Some recent studies (e.g., Bjornlund
et al. 2008, 2009; Nicol et al. 2010) have begun to analyze farmers’ adoption of
improved irrigation technologies in Alberta but they provided only descriptive
analyses and were limited to just two of Alberta’s 13 IDs. These issues could be
better understood with a larger and more representative sample of irrigators across
southern Alberta and more rigorous econometric analyses to identify the factors
that influence adoption.

To better understand the adoption of improved irrigation technologies in
southern Alberta, the focus of this study is to answer the following questions: (i)
What is the extent and intensity of adoption of improved irrigation technologies in
southern Alberta? (ii) Has the provision of information and other support services
played a significant role in promoting adoption of improved irrigation technolo-
gies? (iii) Is adoption related to farmer and farm characteristics as well as social
capital of farmers?

Answering these questions is not only important for Canada, but also for water
short countries everywhere. Irrigated agriculture produces about 40% of global
food production on less than 20% of the cropped land (FAO 2011). However,
irrigation water supply is facing increasing challenges from other water use sectors
(such as industrial, domestic and environmental water use) and risk of climate
change (Hanjra and Qureshi 2010; Turral et al. 2010). In the last century, global
water use grew at more than twice the rate of population increase and the trend is
expected to continue (FAO 2011). Increasing pressure on water available for ir-
rigation, combined with a continually rising demand for food, points to the im-
portance of increasing the volume of food produced per unit of water used (Cai and
Rosegrant 2013). Improving technologies used in irrigation has become a matter of
growing concern around the world. Studying the adoption of improved irrigation
technologies in the largest irrigation region in Canada will provide further insights
into similar concerns in other countries.

Our paper focuses mainly on understanding the factors that influence the rate
and intensity of adoption of improved irrigation technologies at the state level. We
are aware of the need to take the analysis further by addressing policy interventions
that would ensure that the water saved by the improved irrigation technologies are
indeed saved. The reader can find more valuable discussion in (Nicol et al. 2010;
Ward and Pullido 2008; Scheierling et al. 2016).

The rest of the paper is organized as follows. Section 2 summarizes the liter-
ature related to the adoption of agricultural innovations. Section 3 introduces the
data sources and major variables used in the analysis. Section 4 examines the
extent and intensity of adoption and the factors that influence it. In Section 5,
econometric methods are employed to identify the determinants of farmers’
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decisions to start the adoption process, how far in the adoption process they have
progressed and the adoption intensity. The final section concludes and provides
some policy implications.

2. Literature Review: The Adoption of Agricultural Innovations
and Factors that Influence it

Research on adoption was inspired by the desire to understand the diffusion of
modern agricultural practices and the Green Revolution (Zilberman et al. 2012).
The Green Revolution from the 1960s to the early 1980s motivated numerous
studies to explain the determinants of adoption during the early stages of the dif-
fusion process (Feder and Umali 1993). Since the early 1990s, after the “first-wave”
of adoption studies, researchers have focused on drawing new lessons and strategies
for developing and introducing innovative technologies. Such research has not only
been a mainstay in resource, environmental and development economics, but also
captured the attention of other social sciences (Feder and Umali 1993). Given a
perceived output risk associated with the adoption of a certain technology and
farmers’ willingness to take risk, farmers seek to maximize their utility through the
dichotomous choice of whether or not to adopt the technology and the decision
about how large a proportion of their land they will commit to its use (Feder 1982).

The lack of credit and limited access to relevant information about improved
technologies or practices has been identified as an important factor that influences
farmers’ decisions to adopt (Feder et al. 1985; Feder and Umali 1993). Access to
relevant information about the nature of improved technologies or practices can
reduce the risk and uncertainty associated with adoption (Koundouri et al. 2005;
Marra et al. 2003; Tsur et al. 1990).

In the first important adoption study in agriculture, Ryan and Gross (1943)
found that interaction with the original small group of adopters (“innovators”) and
the spread of information, increased farmers’ adoption of hybrid corn seed in the
US. The role of information in the adoption of improved technologies also was
discussed by Stephenson (2003); he indicated that compared to non-adopters,
farmers who adopted innovations are more reliant on primary sources of infor-
mation. Shampine (1998) examined the role of information externalities when non-
adopters observe adopters in order to gather information. He found that with
perfect observability (a positive externality), when an innovation is obviously
better than what currently is being used, farmers are able to amass information
fairly quickly and act upon it.

Provision of policy support (such as financial subsidies and risk-reducing
programs) and information (through formal or informal channels) are effective
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ways of increasing the adoption rate (Abdulai et al. 2011; Caswell and Zilberman
1985; Dinar and Yaron 1992; Dong 2008; Feder and Umali 1993; Just et al. 2002;
Ommani et al. 2009; Ryan and Gross 1943). Feder (1982) found that an input
subsidy can influence the adoption of a divisible technology (e.g., a tractor that can
be used in several fields on several crops) and results in higher utilization of
divisible inputs (e.g., fertilizer) and the area allocated to the technology. On the
other hand, the impact of a subsidy on the adoption of lumpy technology (e.g., a
tube well) can be conditional on a farm size threshold above which adoption is
considered justified. Farm and farmer characteristics (such as farm size, land
quality and soil type, as well as age, education, experience and family size) as well
as social capital have been found to be related to adoption (Abdulai et al. 2011,
Caswell and Zilberman 1985; Itharat 1980; Lichtenberg 1989; Stephenson 2003;
Warner 1981).

Fuglie and Kascak (2001) found that policy can influence the diffusion of
resource-conserving agricultural technologies. For example, US federal policy has
promoted the adoption of soil conservation practices since the 1930s and this
policy was given renewed emphasis in the 1985 Farm Act. Based on Heckman’s
two-stage and ordinary least square procedures, Adeoti (2009) demonstrated that
increases in the number of extension visits per year increased the probability of
adopting irrigation technologies in Nigeria (Ginder et al. 2000).

Although some studies have analyzed the influence of support services (par-
ticularly from a policy perspective) on the adoption decision, analyses typically
have focused on those services provided before the adoption (such as subsidies).
That is, such support services influence mainly the decision on whether or not to
adopt technologies. After making the adoption decision, adopters also need to
decide how large a proportion of their irrigated area on which to use the improved
technology; that is, the adoption intensity. It could be anticipated that if some
“follow up” support services were accessed during the implementation phase (such
as operational assistance by the dealers), the adoption intensity would increase,
which then would increase the overall impact of the adoption decision on farm-
level irrigation efficiency. To our knowledge, no studies have analyzed the influ-
ence of such “follow up” support services on the adoption intensity. Undoubtedly,
the provision of advices and services, both before and after the adoption decision,
will reduce the irrigators’ perception of the risk associated with adoption and make
them more comfortable with making the decision.

Traditional explanations of the differences in adoption behavior among farmers
often point to farm operators and the nature of their farm operations. As sum-
marized by Stephenson (2003), general conclusions of many early studies were
that adopters (as compared to non-adopters) tended to be younger, more educated
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and cosmopolitan, have higher incomes, and have larger farm operations. Lindner
and Pardey (1979) emphasized the importance of personal experience and exper-
imentation in the adoption process. Abadi Ghadim (2000) highlighted skill im-
provement as one important consequence of experience. Caswell (1990) found that
adoption is more likely among growers who have lower quality land, higher value
crops, higher purchase price for water, greater depth to groundwater and more
severe drainage problems. Adeoti (2009) found that lumpy technologies such as
improved water lifting devices, with relatively high efficiencies such as motorized
pumps, were adopted to a greater extent by larger farmers whereas smaller farmers
with limited access to capital, generally can neither benefit from nor afford such
technologies. Adeoti (2009) found that the ratio of family members who work off-
farm is higher in non-adopter households, household size and membership in
associations have negative relationships with the probability of adoption (but were
not significant).

Bjornlund et al. (2009) found that the adoption rates of improved irrigation
technologies in Alberta varied among farmers who were located in two IDs due to
their different farm and farmer characteristics (such as land areas, irrigation con-
dition, age and education). A similar survey of private irrigators in Alberta found
that they were slower to adopt improved irrigation technologies and had even less
intention of doing so in the future (Nicol et al. 2010). Financial constraints and
physical farm conditions (such as soil characteristics and land form) also were
found to impede farmers’ adoption of improved irrigation technologies in Alberta
(Bjornlund et al. 2009; Nicol et al. 2010).

Comparing adoption drivers and impediments between those who were mem-
bers of IDs and those who were private irrigators, Bjornlund et al. (2008) identified
clear differences. Those in IDs tend to be intensively irrigated with very little dry
land farming and focus on higher value crops, which are their primary commod-
ities to be sold. Irrigation is the core of their business. They were significantly more
active in adopting improved irrigation technologies and driven primarily by the
need to secure improved yields and crop quality. Many of them are under con-
tractual obligations to deliver product of a certain quality. Financial constraint was
found to be the main impediment to adoption of improved irrigation technologies
(Bjornlund et al. 2008). Private irrigators, on the other hand, are mainly dry land
farmers with a small irrigated component. Most of their irrigated crop is fodder
production as an input into their cow/calf or feedlot operations and, generally, not
their final product. Irrigation is a small part of their business and the irrigated crops
can relatively easily be substituted by buying feed. Hence, private irrigators have
been less aggressive in adopting new technologies. Their main motivations are
saving labor and electricity cost while the main impediments are physical farm
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features and the fact that, while adoption might result in future cost savings, they
do not justify the investment (Bjornlund et al. 2008).

3. Data

The data used in this study were collected from a farm household survey conducted
at the University of Lethbridge during the summer of 2012. The interviewers were
two well-trained undergraduate students with a farming background. Face-to-face
interviews were conducted with the person responsible for the daily management
of irrigation on the farm. Respondents were recruited by a professional data col-
lection company (the company). For privacy reasons, it was impossible to obtain a
list of irrigators with names, addresses and phone numbers. We purchased a list of
people with names, addresses and phone numbers who live in the postal codes
where irrigation is practiced (Hall et al. 2012). People with town addresses or
business names that clearly were not related to irrigation were deleted from the list,
which generated a list of 9,648 potential irrigators. The company called people
from this list. Following a brief greeting, the first question asked was if the
household operated an irrigation farm. If the answer was no, the call was termi-
nated and the number was deleted from the list. Out of the 9,648 numbers called,
1,230 were identified as irrigators. For this project, the company randomly called
numbers from this list until 300 irrigators were recruited and had agreed to par-
ticipate. A list of names, addresses and phone numbers was then sent to the
interviewers who arranged a time for the in-person interview on the farm or
another place of the respondent’s choosing. Due to problems of scheduling a time
for the interview during the available time frame and change-of-mind by some
potential respondents, only 208 interviews were completed.

The random sample included farm households that reside in the 12 largest (of
13) IDs as well some private irrigators who are not part of IDs but, rather, hold
individual licensed allocations within the South Saskatchewan River Basin (SSRB)
in southern Alberta. The SSRB is one of seven major river basins in Alberta and
comprises four sub-basins: Red Deer River, Bow River, Oldman River and South
Saskatchewan River (Alberta Environment 2003). In the SSRB, 68% of farm land
is used for annual crop production, 6% for natural pastures and the remainder for
summer fallow, tame hay or specialty crops (SWA 2001). The major water source
for irrigation is surface water while limited available groundwater is used, mainly
for stock and domestic purposes.

In this study, farmers use either the traditional flood irrigation technology
(FLOOD) or have adopted some improved irrigation technology (IMP) with the
potential to improve on-farm irrigation efficiency. Improved irrigation technologies
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generally have been adopted in the following order, with gradual increases in
potential on-farm irrigation efficiency: wheel move sprinklers, high pressure center
pivots (over 30 psi) and low pressure center pivots (less than 30 psi) (Bjornlund
et al. 2009). They could also have adopted drip irrigation but, since this method
does not lend itself to the predominant low-yielding field and forage crops in the
region, it has been adopted by only a few. In the survey, we collected data on the
kinds of irrigation technologies farmers used in their fields. If farmers used any of
the improved irrigation technologies, they are considered to have commenced the
adoption process. However, we did not collect data on the year in which adoption
was first made and the time to partial or complete adoption.

We also collected data that might influence farmers’ decisions to adopt im-
proved irrigation technologies. We asked farmers: (i) from which sources they
received information to help them make their adoption decision, such as extension
agencies, government, individual farmers or farmer associations, media or other
sources; (ii) whether or not they received outside support when implementing their
decision to adopt, such as from dealers, manufacturers or government; (iii) ques-
tions related to their social capital, such as membership in a Water Planning
Advisory Council or Watershed Stewardship Group, environmental or conserva-
tion organization, recreational or social organization, or attended farmer meetings;
(iv) questions about their socio-economic characteristics for themselves and
members of the farm household, including family size, number of generations the
farm has been owned by the family, age, education, off-farm work commitment,
farming experience, whether or not they participated in operating the farm before
taking over its management, and current status of father/father-in-law (whether
actively working on the farm or not); (v) questions about the characteristics of the
farm, including total farm size, farm type (corporation, partnership or sole pro-
prietorship), size of irrigated area, and whether or not they have a livestock en-
terprise that uses the irrigated crop as an input. The descriptive statistics of all
major variables are shown in Table A.1.

4. Adopting Improved Irrigation Technologies (IMP) and the Factors
that Influence their Adoption — A Descriptive Statistical Analysis

Based on the literature, adoption can be measured either as a discrete or continuous
choice (Feder 1982). We measure the adoption of improved irrigation technologies
by both of these approaches. For discrete choice, both dichotomous and multiple
choice indicators have been used to reflect farmers’ adoption decisions. For the
discrete choice, if farmers use any kinds of IMP, we define the adoption variable to
be 1; otherwise, it is 0. For the multiple choices, the discrete value of this indicator
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Table 1. Adoption Extent and Intensity of Irrigation Technologies in Alberta, Canada, 2012

Adoption Extent: Adoption Intensity: ~ Ratio of
Proportion of Farms  Proportion of Crop Columns 1
that Started the Sown on Area and 2

Adoption Process (%) Adopted (%)

Traditional flood irrigation technology 18.8 23.2 0.81
Improved irrigation technology 81.3 76.8 1.06
Wheel move 26.0 18.4 1.41
High pressure pivot (30 psi or more) 13.9 9.8 1.42
Low pressure pivot (under 30 psi) 60.6 54.4 1.11
Drip system 1.9 1.1 1.75

Data sources: Field survey data collected by University of Lethbridge.

ranges from 1 to 4, where 1 is FLOOD and 2—4 are IMP (2 for wheel, move
sprinklers, 3 for high pressure center pivot and 4 for low pressure center pivot).
This, therefore, measures how far the irrigator has progressed in the adoption
process. For the continuous indicator, we measured the adoption intensity of IMP
as the percentage of the farm’s irrigated area on which it is used.

Our analyses show that by far the majority of irrigators in Alberta have started
the adoption process (Table 1). By 2011, only 18.8% of farmers still used FLOOD
with an intensity of 23.2%, while 81.2% used some kind of IMP with an intensity
of 76.8%. Most irrigators have continued the adoption process and now use the
most recent IMP, low pressure center pivots (less than 30 psi): 60.6% now use this
system with an average intensity of 54.4% (Table 1). Twenty six percent took only
the first step in the adoption process and currently use wheel move sprinklers with
an intensity of 18.4%. Almost 14% continued the adoption process to the second
generation of IMP and therefore now use high pressure center pivots (30 psi or
more) with an intensity of 9.8%. Drip irrigation has been adopted by only 1.9%
with an intensity of 1.1%. The ratio between extent and intensity of adoption
suggests that those who have not commenced the adoption process are farmers
with larger and more extensive operations, likely to be mainly irrigated pastures or
hay land (Table 1). Those who now use low pressure center pivots operate much
larger farms than those who stopped the adoption process after having adopted
either the first or second generation of IMP. This suggests that those who are
continuing the adoption process as improved technology becomes available are
farmers with larger and more intensively irrigated properties.

4.1. Information sources and support services

When considering the adoption of an improved irrigation technology, farmers can
obtain information about the benefits and costs of adoption from a number of
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sources to help them make the decision. Based on the survey: (i) 45% received
information from extension agencies; (ii) 27% from other farmers or farmer
associations; (iii) 17% from media (web, newspapers, television and radio); (iv)
7% from government sources; and (v) 4% from other sources.

Clear links were identified between the source of information and the extent of
adoption. For example, farmers who obtained information from extension agencies
were significantly more likely to have started the adoption process than were those
who did not obtain information from this source (89% versus 71%) (Table 2).
When extension agencies provided information, the adoption probability for all
three kinds of IMP increased. The intensity of adoption for those who obtained
information from extension agencies also was higher at 86% compared to 64% for
those who did not. Obtaining information from other farmers or farmer associa-
tions also increased the extent (87% compared to 78%) and intensity (80% com-
pared to 75%) of adoption. There is also a positive relationship between adoption
and receiving information through the media. However, if the information is
provided by government, the extent and intensity of adoption does not seem to
increase. Not all information sources are significantly associated with the extent
and intensity of adoption.

Once the decision to adopt an IMP has been made, farmers also can obtain
support to implement their decision, which might influence the intensity of
adoption. According to the survey, 28% of farmers received some type of outside
support service. Among those, 60% received support from the dealer or manu-
facturer and 16% from the government sector or managers of IDs (Table 2). When
farmers received support services, their average adoption intensity increased from
72% to 90%.

4.2. Social capital

It has been noted that the extent of social capital can influence the level of col-
lective or economic benefits derived from preferential treatment or cooperation
among individuals and groups (Bourdieu 1985). Although different social sciences
emphasize different aspects of social capital, they tend to share the core idea “that
social networks have value”. In our study, we use membership in resource, envi-
ronmental or social organizations or attendance at farm meetings as proxies for
social capital since such involvement increases the opportunities to engage with
other farmers and experts and obtain more information on relevant technologies.
We found that farmers generally participate in three kinds of organizations:
(1) water management-related organizations, such as the Water Planning and
Advisory Councils or Water Stewardship groups; (2) environmental protection
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or conservation groups, such as Ducks Unlimited, Trout Unlimited, or Alberta
Eco-Trust Foundation, and (3) recreational or social organizations, such as minor
hockey, 4-H youth agricultural clubs and rotary clubs. In addition to participation
in these organizations, farmers can establish their social capital through attending
farmer meetings.

Significant associations exist between attending farmer meetings or being a
member of environmental related organizations and the probability of adoption
(Table 2). Attending farm meetings increased the probability of commencing the
adoption process from 77% to 88%; the probability of completing the adoption
process also increased and the intensity of adoption of the latest IMP was sig-
nificantly higher, increasing from 73% to 83%. This suggests that encouraging
farmers to attend farmer meetings might be an effective way of increasing adop-
tion. Being a member of an environmental or conservation group also has a pos-
itive association with extent and intensity of adoption. However, this relationship is
not significant. There was no evidence that participation in water-related groups
and recreational or social organizations are associated with adoption.

4.3. Farm characteristics

Our analyses indicate that those with larger farms are more likely to adopt. Only
61% of farmers with less than 180 ha started the adoption process compared to
90% of those with more than 180 ha (Table 3). Reflecting the findings in Table 1,
we found that those with the largest farms (more than 560 ha) were more likely to
adopt low pressure pivots. Irrigators with larger and more highly capitalized farms
are likely to have more financial capacity to adopt the newest irrigation technology
and, therefore, also are more likely to adopt it more intensively. With increased
farm size, intensity of adoption also increased significantly from less than 57% to
more than 80%. This further supports the findings discussed under Table 1 that
once a decision has been made to commence the adoption process, larger farmers
are more likely to continue the process.

Adoption also seems to be related to farm type (legal organization) (Table 3).
In the study region, there are three main legal structures of farm businesses: cor-
porations, partnerships and sole proprietors. Extent and intensity of adoption
by corporations are significantly higher than for sole proprietors; the extent of
adoption for corporations is 92% compared with 69% for sole proprietors. Extent
and intensity of adoption also are higher for partnerships than for sole proprietors
but the difference in intensity is not statistically significant and the extent is sta-
tistically significant only at the 10% level. Reflecting this, only the extent of
adoption of low pressure center pivots is statistically significant. Although not
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shown in Table 3, the extent and intensity of adoption also are significantly higher
for corporations than for partnerships. The level of irrigation intensity has limited
association with adoption as farmers with more than 36.5% of their land under
irrigation are slightly more likely to start the adoption process (more than 80%
versus 74%). Finally, there was no significant relationship between having some
livestock enterprises to use the output of irrigated crops or forages and adoption.

4.4. Household characteristics

Consistent with the literature, we found that adoption is related to household
characteristics. Larger families are more likely to adopt and have higher adoption
intensity (Table 4). Families with fewer than three members are significantly less
likely to adopt than families with three or more members (74% compared to 87%
and 97%, respectively). Larger families also are more likely to have adopted wheel
move or low pressure center pivot and with a higher intensity. The same is the case
for those whose farm has been in the family ownership for more than two gen-
erations.

Age also is significantly associated with adoption. Farmers who are older than
52 years are significantly less likely to adopt and have a lower intensity. For
example, for farmers less than 52 years old, the adoption rate is 92% while for
those older than 52 it is 76% (Table 4). Off-farm work also is significantly asso-
ciated with adoption. Farmers who have off-farm work are significantly less likely
to adopt (85% versus 73%) with a lower intensity (81% versus 70%). There is no
significant association between having a bachelor’s degree or higher education and
the extent and intensity of adoption. There are significant associations between
farming experience and the adoption of IMP. Farmers who operated the farm
before taking over its management have a higher adoption rate of low pressure
center pivots and a higher intensity.

Since all the analyses discussed in Section 4 are based on associations only and
thus do not prove causation, Section 5 discusses the results of econometric analysis
to establish causation.

5. Econometric Model and Estimation Results
5.1. Specification of econometric model

To establish causal relationships between farmer and farm characteristics and
farmers’ adoption behavior, we followed the methods used by Feder (2003). In his
study, Feder (2003) assumed that given a perceived output risk and farmer risk
aversion, farmers maximize their expected utility through the dichotomous choice
of whether or not to adopt the innovated technology (versus traditional technology)
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and the choice of the proportion of land to which it was allocated. We specified the
following three econometric models to examine farmers’ dichotomous or multiple
choice (models 1 and 2) of irrigation technologies, and the choice of the proportion
of land to be allocated to improved irrigation technologies (model 3):

Wi = aj + il + B Sy + B3 ¥y + BaHyy + PsDy; + €, (1)
My = oy + 11y + 728y + p3Fy + paHy + ysDy + €, (2)
Yij = aij + alP,/ + 821,-1- + 83S,j + 84Flj + 85H,J + 86D,:/- + gij' (3)

In these three models, i and j indicate the ith farm in the jth irrigation district or
private irrigator. The major difference among the above three models is their
dependent variables. In the first model, the dependent variable (W;) measures
farmers’ dichotomous choice, whether to start the adoption process or not; the
value of this variable is 1 if the farmer has commenced and O otherwise. The
dependent variable in the second model (M;;) measures farmers’ multiple choice of
adopting various irrigation technologies. The discrete value of this indicator ranges
from 1 to 4 where 1 represents the choice of traditional flood irrigation, 2—4 the
choice of an IMP (2 for wheel move, 3 for low pressure center pivot and 4 for high
pressure center pivot). In the regression, we treat traditional flood irrigation as the
base for comparison. The dependent variable in the third model is a continuous
indicator that measures the intensity of adoption as the proportion of the irrigated
area on which an improved technology is used.

On the right side of the three models, we include the categories of independent
variables discussed in the previous section: (i) P; is a dummy variable that mea-
sures whether the farmer used some kind of support service (this variable reflects a
post-adoption decision and is included only in the model of adoption intensity)
(Table 2); (ii) I;; are four dummy variables that measure the source of information
used in the decision to commence the adoption process (Table 2)*; (iii) S; are four
dummy variables that measure the social capital of farmers (Table 3); (iv) F;; are

'The data in Table A.1. show that the percentage using each type adds up to more than 100, which
means that the same farmer could have accessed information through multiple sources; i.e., 58.2% of
farmers accessed information only through one source, 21.6% of farmers accessed information
through two sources and 8.2% of farmers accessed information through three or more sources. We are
interested in which information sources (extension agencies, government, individual farmers or
farmers’ association or media) are most influential on farmers’ decisions to adopt irrigation tech-
nologies. Therefore, we included the information sources separately in the models, not considering
whether farmers could have accessed information through multiple sources. We also run an alter-
native model to test whether it makes a difference if farmers access information from one source only.
We found that farmers who accessed information from only one source were less likely to adopt
wheel move.
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farm characteristics (Table 3); considering the possible relationship between farm
size and farm type, we also included interactive variables (farm size * corporation
and farm size * partnership) in the models; (v) H;; are farmer and household
characteristics (Table 4); and (vi) D, is a regional dummy variable that controls for
the impact of regional characteristics that do not change over time but may affect
the adoption of irrigation technologies across the region.

Our survey covers the 12 largest IDs in southern Alberta as well as private
irrigators in the region. Since there were few respondents in some small IDs, five
small districts were grouped together for the econometric analysis. Hence, nine
dummy variables were included for IDs with private irrigators being the base for
comparison. In the three models, f; — s,y — ys and 0; — O are the parameters
to be estimated, «;; is the constant and ¢;; is a random error term. All are assumed to
be independently and identically distributed.

Given the nature of the dependent variables, different estimation methods were
used for each. As the dependent variable in model 1 is a dummy variable, a logit
model is used (Wooldridge 2002). In model 2, the dependent variable is made up of
four discrete values (1-4), so a multinomial logit (MNL) model was used as it
facilitates the analysis of the determinants of various choice possibilities. In model
3, the dependent variable is continuous (proportion of irrigated land on which the
IMP is used); hence ordinary least squares (OLS) could be used for estimation.
However, our dependent variable (adoption intensity) is always positive. In such a
case, OLS techniques could generate downward biased coefficients (Wooldridge
2002). A Tobit model should avoid these biases and provide robustness to the
analysis. Therefore, we also apply the TOBIT to test whether our model is robust.

5.2. Estimation results

The three estimated models performed well. The pseudo R? ranges from 0.38 to
0.42 for the Logit models, is 0.28 for the MNL model (Table 5), 0.26 for the Tobit
model (Table 6), and the adjusted R? is 0.21 for the OLS model (Table 6). These
are reasonably high values for multivariate analysis based on cross-sectional data.
Importantly, the regression results are generally consistent with our descriptive
analysis and the major findings are summarized below. For the regression of
adoption intensity, no obvious differences in coefficient signs of independent
variables or their statistical significance between the Tobit and OLS models were
identified. The following discussion is therefore based on the Tobit model.

First, obtaining information from other farmers or farmer organizations signif-
icantly increases the probability of a decision being made to commence the
adoption process (by 5.5%); the other sources of information also increase adoption
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Table 6. Regression Results of the Determinants of Adoption Intensity of Improved Irrigation
Technologies in Alberta, Canada

Adoption Intensity: Proportion
of Irrigated Area on Which
IMP is Adopted

Tobit OLS
Support services
Received support service (1 = yes; 0 =no) 0.146™ 0.115"
(2.03) 1.79)
Information sources
Extension agencies (1 = yes; 0 =no) 0.157* 0.134™
(2.29) (2.19)
Government (1 =yes; 0 =no) —0.134 —0.120
(1.28) (1.30)
Individual farmers or farmers’ association 0.189™* 0.152**
(1=yes; 0=no) 2.77) (2.52)
Media (1 =yes; 0 =no) 0.070 0.060
(0.89) (0.86)
Social capital
Member of Water Planning Advisory Council or Watershed —0.010 —0.003
Stewardship Group (1 =yes; 0 =no) (0.11) (0.03)
Member of an environmental or conservation group 0.010 0.015
(1 =yes; 0=no) (0.10) (0.16)
Member of a recreational or social organization (1 =yes; 0 =no) —0.244™" —0.194™
(2.41) (2.20)
Attending farm meetings (1 =yes; 0 =no) 0.263"* 0.203**
(2.57) (2.26)
Farm characteristics
Farm size (ha) 0.0002 0.0001
(1.60) (1.28)
Farm type
Corporation (1 = yes; 0 =no) 0.285™* 0.227**
(3.30) (2.98)
Partnership (1 =yes; 0 =no) 0.105 0.068
(1.04) 0.77)
Cross variables
Farm size * corporation —0.0002 —0.0001
(1.44) (1.16)
Farm size * partnership —0.0001 —0.00002
(0.41) 0.17)
Trrigated land as proportion of total land area 0.234™* 0.182"
(2.08) (1.82)
Having livestock enterprise that use output of crops or forages —0.008 —0.003
(1 =yes; 0=no) (0.13) (0.05)
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Table 6. (Continued)

Adoption Intensity: Proportion
of Irrigated Area on Which
IMP is Adopted

Tobit OLS
Household characteristics
Family characteristics
Family size (number) 0.043™* 0.035"
(2.14) 1.97)
Number of generations who has ownership of this farm 0.043™ 0.035"
(2.14) (1.97)
Farmers’ personal characteristics
Age (years) 0.005 0.003
(1.36) (1.11)
Education (Bachelor’s or higher degree) 0.090 0.075
(1=yes; 0=no) (1.26) (1.19)
Off-farm work (1 =yes; 0 =no) —0.050 —0.038
(0.71) (0.61)
Farming experience (years) —0.006™* —0.005""*
(2.89) (2.61)
Operating the farm before taking over its management 0.039 0.029
(1=yes; 0=no) (0.48) (0.40)
Current status of father/father-in-law —0.025 —0.019
(1 =working farmer; 0 = not working farmer) (0.41) (0.34)
Irrigation district dummy Omitted Omitted
Constant —0.036 0.170
(0.12) 0.67)
Observations 208 208
Pseudo R? 0.2573 -
Adj R? — 0.2111

Note: Absolute 7 statistics in parentheses; *p < 0.10, **p < 0.05, ***p < 0.01.

but are not statistically significant (Table 5). The adoption intensity also is sig-
nificantly increased by 18.9% when information is obtained from individual
farmers or farmer associations and 15.7% when obtained from extension officers
(Table 6). That information from fellow farmers is most influential probably
reflects that farmers trust the experience of their fellow farmers. The second most
important information source is extension agencies, which might reflect that
farmers have known these professionals for a longer period and have learned to
trust their advice (Table 6). Government-provided information has an insignificant
influence on adoption. One possible explanation could be that only 10% of farmers
have accessed information from government (Table A.1) but this result should be
researched further in the future. Obtaining information through the media has a
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minor and insignificant influence on adoption except for low pressure center pivots
where it is significant and explains 13.9% of adoption (significant at the 10% level)
(Table 5).

Second, receiving support services to assist in implementation of the adoption
of an improved irrigation technology significantly increases adoption intensity.
Estimation results show that the coefficient of the support service variable is
positive and statistically significant in the intensity model (Table 6). If farmers can
receive the assistance of support services, their adoption intensity is increased by
14.6%. Therefore, the use of such support services should be promoted and sup-
ported by government initiatives to increase the benefit of the farmers’ adoption
decisions.

Not all social capital variables make a positive contribution to adoption. At-
tending meetings related to agricultural production practices significantly increase
the probability of both commencing the adoption process (especially the adoption
of low pressure center pivots) by 11% (Table 5) and the intensity of adoption by
26.3% (Table 6). One possible explanation is that farmers who attend agricultural
meetings tend to be more concerned about production and water issues and
therefore more likely to adopt improved technology to increase productivity.
Membership in recreational or social organizations has a significant and negative
effect in all models; such membership reduced the probability of commencing the
adoption process by 11.9% and lowered the adoption intensity by 24.4% (Tables 5
and 6). This suggests that farmers who take time to attend activities arranged by
recreational or social organizations might be less dependent on irrigated production
or less interested in adopting improved technologies. The results are consistent
with our expectation. Farmers who are members of a recreational or social orga-
nization have a smaller farm size (average 588 ha) and percentage of irrigated areas
over total cultivated land areas (58%) compared to those farmers who did not
participate in such organizations (857 ha and 62%).

Finally, adoption is significantly affected by both socio-economic and farm
characteristics. Farm size has only a limited impact on the extent and intensity of
adoption. While all estimated coefficients are positive, only the one for high
pressure center pivot is statistically significant (Table 5). The lack of significance
likely reflects the dual impacts of size discussed under Table 1. Adoption also
differs by farm types with corporate farms having both a significantly higher rate
and intensity of adoption across all improved irrigation technologies (Tables 5
and 6). Partnerships have a higher adoption rate than private proprietors, but they
are statistically significant only for intensity of adopting low pressure center pivots.
This implies that most partnerships likely have completed the adoption process and
now use low pressure center pivots. The finding that the interactive variables
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between farm size and farm type had little or no influence on adoption suggest that
the influences of farm size and farm type are independent and separate.

Despite the findings that many household characteristics have important influ-
ences on adoption of improved technologies (as noted in Stephenson 2003;
Abdulai et al. 2011), our study finds that only a few household characteristics have
a significant influence on adoption (Tables 5 and 6). This is likely because of the
focus on the adoption process. Since we measure the farmers’ participation in the
adoption process by current use, it could be many years after the adoption took
place, during which time many personal and family characteristics might have
changed. Supporting this is the fact that those variables that are significant are
those with a more long-term influence. Family size has a positive and statistically
significant influence on both extent and intensity of adoption: larger families are
more likely to adopt on a larger part of their irrigated area. This could be because
these families are more likely to have a successor in place and hence have a more
longitudinal view of the viability of the property.

The number of generations in which the property has been in the ownership of
the farm family has a positive impact on both extent and intensity of adoption but
is statistically significant only for intensity and adoption of high pressure center
pivots (Tables 5 and 6). This could reflect that the more generations the property
has been in the family ownership, the more likely it is that it will be passed on to
the next generation. Hence, the current farmers have a greater incentive to invest in
the long-term viability of the farm. Also, these farmers are likely to have a larger
asset base that enables continuous investment in the adoption process.

Farming experience has a significant negative effect on both extent and intensity
of adoption (Tables 5 and 6). The more years of experience the current farmer has,
the less likely s/he is to have adopted any kind of improved irrigation technology
and the lower the intensity of adoption. This could suggest reluctance among older
farmers to embrace improved technologies in the absence of the expectation of
intergenerational change, and younger farmers are more likely to adopt improved
technologies. There is also some evidence that education influences adoption.
Those with a post-secondary university degree are significantly more likely to
adopt low and high pressure pivots and have a positive but insignificant influence
on intensity. This suggests that a higher education provides a better understanding
of the potential benefits of improved technologies.

6. Concluding Remarks

About 97% of all allocated water resources in Alberta is from surface water
(Alberta Environment 2014). Irrigation activities account for about 75% of surface
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water allocations in the SSRB in Alberta (Alberta Environment 2002). As demand
for clean and safe water continues to increase for commercial, industrial, municipal
and environmental activities, there is increasing political pressure to reduce water
used in agriculture. The Water for Life strategy and its subsequent renewal and
related documents acknowledges the need to use Alberta’s limited water resources
more efficiently and productively to generate water savings as a source of supply to
meet new demands and relies on voluntary reallocations to move the saved water
to new users.

While traditional flood irrigation was the predominant technology used in the
first half of the 20th century, the agricultural and environmental branches of the
Alberta government have long promoted the adoption of irrigation equipment that
has higher on-farm irrigation efficiencies, especially low pressure sprinklers on
center pivots. Their apparent hope is that if less water is used to irrigate crops,
more will be available for other uses. Although changes in Alberta’s Water Act
(1999) permitted trading of water rights, few trades have been made due to a
number of constraints in the market (Nicol et al. 2008). Rather, the hope seems to
be for voluntary transfers of unused (and unneeded) water from agriculture to other
parties.

This study examined the extent and intensity of adoption of irrigation tech-
nologies that have higher on-farm irrigation efficiencies. The extent of adoption
was defined as the proportion of all irrigators who have commenced the adoption
process and now use some method other than flood irrigation to apply water; the
intensity of adoption was defined as the percentage of irrigated land on which the
technology has been adopted in southern Alberta. The data were collected in a
farm-household survey conducted in the 12 largest IDs as well as among private
irrigators in southern Alberta. A survey was conducted using face-to-face inter-
views of 208 randomly chosen irrigation farm operators.

We found that, by 2011, 81.3% of farmers had commenced the adoption pro-
cess, now use some method other than flood irrigation, and use it on 76.8% of all
irrigated land. The most commonly used irrigation technology is low pressure
center pivot systems (which is the newest and potentially most efficient application
technology currently sold widely in southern Alberta) with 61% of farmers having
used it on 54% of their irrigated land. However, this finding also implies that there
is still room for further improvement.

Obtaining information on irrigation technologies from other farmers (either
individual farmers or farmers’ associations) and extension agencies significantly
influences farmers’ decisions to adopt. Receiving support services following
the adoption decision also plays an important role in increasing the intensity of
adoption. Farmers who increased their social capital through attending meetings
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related to agricultural production practices were more likely to adopt and to adopt
more intensively while farmers who participated in recreational or social organi-
zations were less likely to adopt. Finally, the extent and intensity of adoption are
higher for those with a corporate farm structure, larger families, more generations
of farm ownership and higher education.

Therefore, to ensure a higher and more intensive rate of adoption of potentially
more efficient irrigation technologies, and to encourage farmers to continue to
adopt improved technologies as they are introduced over time, policy makers
should: (i) provide more effective support services for farmers once an adoption
decision has been made and deliver it in a timely manner to reduce their perception
of risk; (ii) focus on supplying information about improved technologies and their
potential benefits and costs through extension officers and farmer organizations;
(iii) facilitate and encourage the development of farmer peer groups to exchange
experiences; (iv) expand the provision of extension officers; (v) provide advice and
services that support farmers in developing the most efficient business structure for
their farm business and secure farm succession and (vi) provide programs that
particularly target and accommodate small-scale farmers.

In the literature, there is concern that improvements in on-farm irrigation effi-
ciency could exacerbate water scarcity concerns at a basin level, where con-
sumptive use is increased and irrigation returns flows are reduced (Perry 2011;
Seckler 1996). This is unlikely to become a serious issue in southern Alberta, at
least for a long time. Although IDs and individual farmers outside of IDs have
licenses to extract and consume specific quantities of water each year, the area with
water rights on each farm is strictly regulated and applications to direct any water
saved to further economic use are thoroughly vetted (and seldom approved).
Furthermore, irrigators have extracted, on average, only 59% of their licensed
water allocation over the period 1976-2014 (AAF 2015).

While no significant amount of groundwater currently is used for irrigation in
Alberta, new research should explore the relationship between ground water and
surface water flow in the hydrological basin. While continuing to promote the
adoption of improved irrigation technologies, it is important that the government
consider additional institutional measures to incent adoption and promote the re-
distribution of saved water to other uses. Studies on various redistribution schemes,
especially improved water marketing provisions (e.g., He et al. 2012; Ali and
Klein 2014) show the possibility of quite big socio-economic gains in welfare from
redistribution of some water away from agriculture.

Our paper focuses mainly on understanding the factors that influence the rate
and intensity of adoption of improved irrigation technologies at the state level. We
are aware of the need to take the analysis further by addressing policy interventions
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that would ensure that the water saved by the improved irrigation technologies are
indeed saved. The reader can find more valuable discussion in (Nicol et al. 2010;
Ward and Pullido 2008; Scheierling et al. 2016).
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Appendix A

Table A.1. Characteristics of Major Variables

Std.
Mean Dev.

Dependent variables

Farmers’ dichotomous choice on whether or not adopted improved irrigation 0.81 0.39
technologies (IMP) (1 =yes; 0 =no)
Proportion of irrigated area on which IMP is adopted (adoption intensity) 0.77 0.40

Independent variables
Support service

Received support service (1 =yes; 0 =no) 0.28 0.45
Information sources

Extension agencies (1 =yes; 0 =no) 0.59 0.49

Government (1 =yes; 0 =no) 0.10 0.30

Individual farmers or farmers’ associations (1 =yes; 0 =no) 0.36 0.48

Media (1 =yes; 0 =no) 0.22 0.42

Other sources (1 =yes; 0 =no) 0.06 0.23

Social capital
Member of the Water Planning Advisory Council or Watershed Stewardship 0.12 0.32
Group (1 =yes; 0=no)

Member of an environmental or conservation group (1 =yes; 0 =no) 0.10 0.30
Member of a recreational or social organization (1 = yes; 0 =no) 0.42 0.50
Attending farm meetings (1 = yes; 0 =no) 0.39 0.49
Farm characteristics

Farm size (ha) 702 1,048
Farm type

Corporation (1 =yes; 0 =no) 0.41 0.49
Partnership (1 =yes; 0 =no) 0.21 0.41
Irrigated land as proportion of total land area 0.60 0.35
Having livestock enterprise that use output of crops or forages (1 =yes; 0=no)  0.64 0.48

Household characteristics
Family characteristics
Family size (number) 3.00 1.64
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Table A.1. (Continued)

Std.

Mean Dev.
Number of generations with ownership of this farm 2.21 1.08
Farmers’ personal characteristics
Age of respondent (years) 55.52 12.23
Education of respondent (Bachelor’s or higher degree) (1 =yes; 0 =no) 0.25 0.43
Off-farm work status of respondent (1 = yes; 0 =no) 0.34 0.48
Farming experience of operator (years) 32.34 19.30
Operating the farm before taking over its management (1 = yes; 0 =no) 0.63 0.48
Current status of father/father-in-law (1 =working farmer; 0 = not working 0.55 0.50
farmer)

Note: Observation number is 208.
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