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Abstract 

Technology has played a significant role in the development of the Oldman River Basin 

since early settlements. The development of new and expanding industries, changes in 

agricultural activity and practices, and transformation in demographics and population 

density across the region have led to the installation and use of new technologies to 

manage water effectively and efficiently for multiple consumers. Existing technologies 

are challenged by extreme climate conditions that abruptly change water flow to increase 

droughts and floods that also affect vulnerable social systems. It is in this context that 

technology for water storage and distribution has taken a greater role as a determinant for 

adaptation in the agricultural industry.  

 

This research explores the impacts of severe climate exposures on technology for water 

storage and distribution, and how these impacts affect the vulnerability of these 

technologies, and consequently the vulnerability of agricultural producers within three 

jurisdictions in the Oldman River Basin. This research also explores technological actions 

taken by agricultural producers and local institutional representatives that lead into either 

adaptation to reduce vulnerability or to maladaptation to increase risks and vulnerabilities 

of social systems in the context of severe climate exposures. 

 

To understand and explain how adaptive actions contribute or not to technological 

adaptation, as well as how they may reduce risks and vulnerabilities of agricultural 

producers, this thesis focused on two major components: the social science represented 

by social and human capital, and the engineering component represented by the 



 

 
 

iii 

technological approach. This connection on how the vulnerability of technological 

systems relate to social systems and the vulnerability of agricultural producers was 

explored through semi-structured interviews and analysis of historical data on 

technological improvements and their impacts on the vulnerability of agricultural 

producers. 

 

The key findings identify opportunities for increasing adaptive capacity through 

technological actions divided in three main categories, including technological 

improvements, addressing water needs, and monitoring water levels. Two main type of 

actions were identified: (1) the installation of technologies in a new location and (2) 

changes to the physical structure of existing technologies. The latter is predominant in the 

study area as an action to rapidly respond to the impacts of extreme climate exposures, 

particularly flooding. 

 

In addition, both primary and secondary sources indicate that decision making processes 

related to community and individual changes can increase resiliency and build adaptive 

capacity through knowledge-sharing among agricultural producers and also through local 

and industry institutions. The research also highlights the connection between formal 

education attainment and increased decision making ability of agricultural producers in 

their selection and implementation of technological adaptations to extreme climate events 

and, as consequence, reduced social vulnerability.  
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1! Introduction  

Climate extremes represent a major stress for rural agricultural communities due to the 

unexpected and extreme fluctuations on water levels. Water is one of the most valuable 

natural resources for agricultural production and, when climate is highly variable and 

extreme, agricultural producers must maximize additional resources to efficiently allocate 

water according to agricultural needs. Climate extremes are currently challenging the 

capacity of agricultural producers to access and manage these resources, increasing risks 

and vulnerabilities1. According to the Third Assessment Report on Impacts, Adaptations, 

and Vulnerability from the Intergovernmental Panel for Climate Change (IPCC) (IPCC, 

2001; p.879), the most vulnerable regions are those exposed to hazardous climate change 

effects, limiting their adaptive capacity. Additionally, the same report states that countries 

with limited amount of resources, including technology, are highly vulnerable and have 

little capacity to adapt. It is in this uncertain climatic context with extreme water 

fluctuations, where technological resources play a crucial role to rapidly manage excess 

and lack of water, and to reduce agricultural losses.  

 

By definition, technology is a construct of societies that result from human interaction to 

enhance their relations with the environment (Kirkpatrick, 2008). It can be defined in 

terms of methods, materials, tools, devices, and processes applied to achieve a wide range 

of objectives and purposes. Despite the multiplicity of definitions, it is clear that 

technology is used by humans for practical purposes (Dorf, 2001). One of these purposes 

is agriculture, a series of activities that requires a combination of processes where 

technology is needed to manage the multidisciplinary nature of those activities. It is in 

this context where interdisciplinary research is very valuable as it provides a deeper 

understanding of connection between technology and agriculture. Technologies must 

address and understand the physical, chemical, and biological conditions associated with 

agricultural production, as well as the effects of inter-relationships and interactions with 

                                                
1 Vulnerability refers to the potential for casualty, destruction, loss or other form of loss; and risk includes 
this with the probable level of loss to be expected from a predictable magnitude of hazard (Alexander 
(2000) in Wisner et al., 2004) 
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each other and with the environment (Derry & Williams, 1993; Possas et al., 1996). 

Technology is an important component in agriculture in regards to water management, 

particularly as associated with storage and distribution. This thesis focuses on these 

technologies, which can be identified as either an equipment or an action involving 

knowledge or skills as defined by the IPCC. In general terms, the IPPC (2000; p.430) in 

the special report Methodological and Technological Issues in Technology Transfer, 

defines technology as “a piece of equipment, technique, practical knowledge or skills for 

performing a particular activity”. This definition is the basis for subsequent discussion 

for technology and the action of water storage and distribution for agriculture as 

particular activities.  

 

In the uncertain climatic context with extreme water fluctuations, technologies for water 

storage and distribution ensure a sustainable and safe agricultural practice with the 

purpose of managing water during periods of excessive precipitation and shortage of 

water. There is a large number of technologies that meet this objective. For water storage, 

technologies such as: reservoirs and dugouts, are assessed; while for water distribution, 

these technologies include irrigation canals and distribution canals. It has also been 

recognized that technology is one of the determinants of adaptive capacity to increase 

resilience and reduce vulnerability of social systems. Other determinants include 

infrastructure, social, human, economic, and institutional capital (Smit & Pilifosova, 

2001; 2003). This thesis acknowledges the interconnectedness of these other 

determinants, but centres its attention on the technological determinant at the agricultural 

producer level because there is a strong connection between the development of 

technology and agricultural communities, where technology is driven by agricultural 

producers and other local factors such as local institutions. This thesis also centres its 

attention on how technology is developed and influenced by social and human capitals, 

specifically, in the context of uncertain climate and extreme climate events such as 

flooding and drought. As decisions involving technological capital are made by 

agricultural producers and local institutional representatives, the amount of knowledge at 

the community and individual level are of great importance because these decisions may 

influence the technology, and consequently, the vulnerability of social systems. This 
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research opens the door to continue further research on economic and infrastructure 

capitals in the context of climate extreme events. It is in this perspective that the 

interdisciplinary nature of this thesis relies on two major components: the social science 

represented by social and human capital, and the engineering component represented by 

the technological approach.  

 

The first component, as discussed by Tol et al. (2006) and by Adger et al. (2007), 

technology has limitations in relation to the social context where decision making for 

adaption or development of technological solutions may be restricted by uncertainty such 

as unexpected water flow changes. This uncertainty in climate change and variability is 

strongly connected to social systems and require a dynamic approach for adaptation 

(Mimura et al., 2014). Likewise, different people and groups have different ways to 

interpret and respond to climate changes. Social capital could be very beneficial because 

it can provide through networking and connectedness the necessary information and 

knowledge to make the best decision possible for technological adaptation. According to 

Adger (2003; p.29), social capital refers to the role and value of networks and 

relationships between individuals and social groups that facilitate economic well-being 

and security. Social capital also has the ability to bring a community together and ensure 

common objectives for technological decisions by interacting collectively across the 

assets in a community (Aldy et al., 1998).  

 

In addition, in the context of this thesis human capital is an important component for the 

use and development of technology at the agricultural producer level. Human capital 

refers to the level of educational and local knowledge, as well as expertise that there is in 

a social system (Becker, 1964; Berkes & Folke, 2000). The use and the implementation 

of technology demand a certain level of understanding of a particular technological 

solution. In this perspective education, along with local knowledge, has the capacity to 

increase the ability of social systems to adjust to changes through sustainable practices 

(Berkes & Folke, 2000). If identified, operated, and implemented correctly technology 

has the capacity to contribute to sustainable practices in agriculture by providing water in 

the right amount at the right time, even under uncertain and extreme climate conditions. It 
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is in this context that human capital provides the knowledge and skills necessary to cope 

with ongoing changes in the environment to develop new methods and alternatives 

(Leary et al., 2008).  

 

Second, from the engineering technological component, technology can be challenged  

by an outside event or exposure such as extreme dry or wet conditions, increasing its 

chances of failing to perform its designed purpose. This was defined by Martin (1996) as 

technological vulnerability. To reduce the chances of failing, it is important to consider 

the many processes involved in the application, development, and use of technology. 

Martin (1996; p.512) also points out the role of the environment in technological systems, 

as it could also increase technological vulnerability. The environment could be the 

financial market or and an earthquake. In normal climate conditions, technologies are 

expected to meet water storage and distribution needs. However, during extreme dry and 

wet conditions, they are more vulnerable to failure and limited ability to achieve their 

designed purpose due to the impacts of excess or lack of water. This thesis focuses on the 

process of failing under such climate extreme conditions. It also focuses on how social 

and human capitals affect the development of technology under extreme climate 

conditions. As decisions are made within social systems to rapidly cope with the impacts 

of climate, improving an existing technology or implementing a new technology in the 

affected area are vital for a successful adaptation.  

 

The geographic region of this thesis is located in three jurisdictions in the Oldman River 

Watershed. Technology plays a major role for water storage and distribution throughout 

this region. In particular, spring snowmelt creates conditions under which water for 

irrigation is captured and then stored in dams and reservoirs to be delivered with just-in-

time precision to producers. Once water enters farms through an interconnected network 

of canals, further technologies such as central pivot irrigation systems are used to 

effectively and efficiently irrigate crops (Harker et al., 2004). Despite the efficacy of 

technology to meet agricultural needs and water demands, technology for water storage 

and distribution face vulnerabilities that limit their capacity to provide and manage water 

during severe climate exposures. 
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Unexpected and extreme fluctuations in water levels in the Oldman River Basin highlight 

the need for more effective and efficient technological solutions to rapidly and 

sustainably manage both excess and lack of water. Climate projections indicate that over 

the next 30 years, this same area will experience ever decreasing water supply from 

snowpack (Schindler & Donahue, 2006). Technologies traditionally used for managing 

drought and flood are and will be greatly challenged during severe climate conditions. 

For instance, a severe drought in 2001 extended to large portions of Alberta, including 

the Oldman River Basin, and affected a large number of agricultural producers. 

Technologies designed to improve water management and storage during dry conditions 

were challenged and ultimately failed to supply adequate volumes and provide timely 

water access. These failures increased vulnerability by reducing agricultural production. 

The severe drought in 2001 required water restrictions and forced agricultural producers 

to limit their water use, leading to investments in technologies capable of minimizing the 

negative outcomes related to lack of  available and timely water supplies (Wittrock et al., 

2007). 

 

Likewise, excess water causing extreme flooding conditions has challenged existing 

technologies leading to vulnerability for agricultural producers, washing out crops, and 

damaging farm equipment and buildings, as well as municipal infrastructure. Heavy rain 

in early June 1995 in the Oldman and South Saskatchewan Rivers caused damages in 

excess of $150 billon, including technologies for water storage and distribution (Public 

Safety Canada, 2013). Therefore, uncertain and extreme climate conditions are playing a 

major role in the decisions made regarding technology selection and also in the definition 

of the future of technological development. As climate becomes more unpredictable and 

extreme events are intensified, technology will play a determining role for producers to 

reduce vulnerability and meet agricultural needs (Adger et al., 2007).  

 

Most of the technology adaptive strategies have focused on the improvement of existing 

technologies already implemented and managed by agricultural producers. In the context 

of climate change and variability, Rosenberg (1992) points out that in order to achieve 

the goals of effectively and efficiently managing water access, more emphasis should be 



 

 
 

6 

given to increasing the efficiency of existing technology, such as water supply systems, 

instead of developing new technologies as a direct response to climate change. Different 

technical options such as improved and enhanced efficient irrigation systems to cope with 

climate variability have been suggested in the decision-making process to promote 

adaptive capacity (Howden et al., 2007). Contrary to the improvement of existing 

technology, this thesis also investigates the installation of technologies where none 

previously existed as one approach to an adaptive strategy. The installation of new 

technological structures has the potential to improve how producers and communities 

cope with severe climate events. For example, it has been suggested that in the Prairies 

more and new water storage facilities are required, as well as the allocation of additional 

resources to cope with fluctuations of water flows (Saskatchewan Environment, 2003).  

 

The role of social and human capital is important in these decisions because agricultural 

producers and local governance representatives are those who are leading the actions for 

local technological adaptations, the implementation, use and maintenance of the 

technologies for water storage and distribution. This thesis explores how this process 

affects the development of technology over time as these decisions can lead into either 

successful technological adaptation or maladaptation, affecting the adaptive capacity of 

the communities. The development of technology and the importance of the other 

determinants of adaptive capacity (economic, infrastructure, and institutional capitals) are 

also acknowledged throughout this research. These additional determinants are discussed 

where relevant for the analysis and conclusions of this thesis.   

1.1! Objectives 

The objective of this thesis is to explore the impacts of severe climate exposures on 

technology for water storage and distribution, and how these impacts affect the 

vulnerability of these technologies, and consequently the vulnerability of agricultural 

producers. Producers, along with local institutional representatives, use multiple 

resources to make decisions for constant adaptation and, in the context of climate extreme 

events, these decisions are greatly challenged. These decisions are based on the 

availability of resources such as capital, knowledge, and experience. These decisions are 
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also made within a short timeframe, considering an unexpected climate scenario. Several 

considerations are needed to make a decision to choose a suitable technology for 

adaptation to climate extreme events. This research also explores these technological 

actions taken by agricultural producers and local institutional representatives that lead 

into either adaptation to reduce vulnerability or maladaptation to increase risks and 

vulnerabilities of social systems (i.e., for this thesis, including the social fabric that holds 

together and supports adaptive capacity of agricultural producers and communities).  

Therefore, this thesis considers both social and human capital. This context raises the 

main research question for this thesis: How does vulnerability of technological systems 

relate to social systems and the adaptive capacity and resilience to drought and flood of 

agricultural producers? 

 

Secondary questions have been developed to address changes in technological 

development in connection to social systems represented by agricultural producers, and 

technological systems represented by water storage systems such as dugouts and 

reservoirs, and water delivery systems such as irrigation technologies and distribution 

channels. Secondary questions are as follows: 

 

1.! Which are the major technological vulnerabilities and limitations affecting the 

adaptive capacity of technological systems in the context of climate extreme 

events? 

2.! How can technological adaptation actions contribute to adaptation to climate 

extreme events?  

3.! What is the role of social and human capitals and how do they influence the 

decisions for technological systems to reduce vulnerability, in the context of 

climate extreme events? 

 

Specific goals of this research include collecting and analyzing individual, community, 

meteorological, and technical data from the Oldman River Watershed to determine 

impacts on technology for agriculture for water storage systems such as dugouts and 
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reservoirs, and water delivery systems, such as irrigation technologies and distribution 

channels.  

 

The goals are achieved via the following four research steps or objectives: 

1.! Definition of the research-specific parameters including the climate context, local 

and regional technology, governance, and the role of agricultural producers in 

relation to technology development and changes. 

2.! Data collection at the community level through a series of interviews to rural 

community actors, including small and large producers, as well as local governance 

representatives involved in managing water resources and responding to climate 

variability, hazards, and extreme events.  

3.! Analysis of recorded and transcribed data from the interviews.  

4.! Contextualization and synthesis of findings related to adaptation of water technology 

resources in the selected rural agricultural communities in the Oldman River 

Watershed, including: 

•! Identification of climate extreme events and impacts on existing water storage 

and distributions systems.  

•! Identification of limitations and constrains of existing water technology systems 

to cope with climate extreme events. 

•! Identification of characteristics of water storage and distribution systems, which 

contribute to communities’ ability to increase adaptive capacity.!

•! Identification of social and human capital elements currently used for making 

decisions on technological resources, before, during, and after the occurrence of 

climate extreme events. !
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2! Literature Review  

Major stresses for existing and future technological developments in agricultural areas 

have been reported due to constant and extreme fluctuations on water levels. Climate 

extremes occur when a pattern of weather that is significantly beyond the normal for an 

area and season2 persists for some time, especially if it yields an average or total that is 

itself extreme (IPCC, 2007a). During and after being intensively affected by an extreme 

climate event or a series of events, producers have to respond rapidly and adapt to new 

challenging agriculture conditions sometimes characterized by a limited amount of 

resources. During heavy rainfall seasons, excess of water on the ground severely damages 

technology while during dry seasons, lack of water challenges agriculture management 

practices in some cases driven by technological resources. The challenge of agricultural 

producers is to make the best possible decision according to the available resources 

during the periods of climate exposure.  

 

One of these resources is technology and since early agricultural development, both 

agricultural producers and technology advancements and implementation are challenged 

by climate variability and climate extreme events such as flooding and drought to 

successfully meet agricultural needs. The ability to extend the capacity to adapt is 

influenced by several factors that are defined in the following literature review divided 

into two sections: social systems (including human and social capital) and technological 

systems. The thesis addresses social and technological systems as both separate and 

connected to better elucidate the key findings and adaptive capacity of agricultural 

producers.   

 

                                                
2 According to the Third Report of the IPCC (2001), a climate extreme events is defined as “…an average 
of a number of weather events over a certain period of time, an average which is itself extreme.” (p.790). 
This can be measured through water budget indexes, for this research, climate extreme events such as dry 
and wet seasons are identified by the Standardized Precipitation and Evapotranspiration Index, which its 
calculation is based on water gains through precipitation falling on the ground and water losses by 
evaporation, influenced by temperature. Standardized Precipitation and Evapotranspiration Index values 
less than -0.5 indicate droughts and values greater than 0.5 indicates excessive moisture conditions 
(Wheaton et al., 2015).   
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As this thesis focuses on technological resources and its relation to social and human 

capital in the context of climate vulnerability, the definition of the extent and 

understanding of the concepts of vulnerability, adaptation, and adaptive capacity in social 

and technological systems is important. Further, there is need to determine major factors 

influencing the development, adoption, and innovation of technology in the context of 

climate variability and extreme events. In particular, social, human, and technological 

capitals are defined, which are closely related to crucial forces affecting adaptation.  

2.1! Social Systems 

2.1.1! Vulnerability  

Several definitions of vulnerability in social systems exist including those that focus on 

defining the relationships between vulnerability and different types of interacting forces 

such as climate extreme events. In a broad concept, Wisner et al. (2004) define 

vulnerability as the characteristics of a person or group and their situation that influence 

their capacity to anticipate, cope with, resist and recover from the impact of a natural 

hazard. According to (Vogel & O’Brien, 2004), the concept of social vulnerability has 

three features. First, social vulnerability is multi-dimensional and differential because 

vulnerability varies across physical space and among and within social groups. This 

concept involves diverse magnitudes, which means that some people experience higher 

levels of vulnerabilities than others (Wisner et al., 2004). Second, it is scale dependent 

with regard to time, space and units of analysis such as individual, households, regions 

and systems. And third, social vulnerability is dynamic, which means that characteristics 

and driving forces of vulnerability change over time (Vogel & O’Brien, 2004). Regions 

exposed to hazardous climate change effects develop these characteristics of 

vulnerability, limiting their capacity to adapt (IPCC, 2001).  

 

In more specific terms for social systems, vulnerability is comprised by exposure, 

sensitivity, and adaptive capacity. These concepts are intrinsic characteristics of a system 

and are strongly connected to the concept of social vulnerability (Adger, 2003; Smit & 

Wandel, 2006). According to the IPCC (2001; p.987), exposure is referred as “the nature 

and degree to which a system is exposed to significant climate variation”. Adger (2003) 
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defines exposure as probability of the occurrence of extreme events such as drought or 

flood, and as a component of social vulnerability. Vulnerability is related to its exposure 

to climate change effects and the more a systems is exposed to a particular climate 

stimuli is likely to be more vulnerable (Smit & Pilifosova, 2003). The definition of 

sensitivity refers to the degree and the extent to which a system is affected by climate 

stimuli, and the ability of the system to absorb climate impact without suffering major 

changes (Adger, 2003; IPCC, 2001). The sensitivity of a system may be very high if the 

system is exposed to changes originated by climate extreme events, and consequently, 

increasing vulnerability (Kasperson & Kasperson, 2005). In agricultural rural 

communities, the potential impact of climate change depends on the combination of 

exposure and sensitivity, as well as on the levels of resilience of these rural communities 

in relation to potential changes in water supply and demand (Food and Agriculture 

Organization of the United Nations (FAO), 2013). To that end, a modified risk 

assessment model was used in this research to evaluate exposure in relation to both 

probability (return period of drought and flood events) and impact or severity of 

exposures. 

 

To reduce vulnerability is necessary to accomplish a successful adaptation (Adger et al., 

2007). Adaptation can be referred as “…adjustments to ecological, social, or economic 

systems un response to actual or expected climatic stimuli and their effects or impacts.” 

(Smit & Pilifosova, 2001; p.879). Adaptation happens in physical, ecological and human 

systems. It involves changes in social and environmental processes, perceptions of 

climate risks, practices and functions to reduce potential damage. Adaptations reflect 

adaptive capacity by dealing with problematic exposures and sensitivities (Smit & 

Wandel, 2006). Adaptive capacity is defined as “the ability of a system to adjust to 

climate change, including climate variability and extreme, to moderate potential 

damages, to take advantage of opportunities, or to cope with the consequences” (Burton 

et al., 2002; p.150). In addition, another characteristic of a social system is resilience, 

which is the ability of the a social system to absorb impacts and cope with an event 

(Cutter et al., 2008). According to Ensor and Berger (2009), the difference between 

adaptive capacity and resilience is that adaptive capacity refers to the ability to influence 
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and respond directly to processes of change and resilience is the ability to absorb shocks. 

In the case of climate variability and extreme climates, both, resilience and adaptive 

capacity have the ability to reduce vulnerability. Likewise, promoting adaptive capacity 

is a mechanism to build resilience in a social systems as it expands options and 

opportunities for coping with impacts of climate change (Ensor & Berger, 2009).  

 

The ability to cope described in the definitions of adaptive capacity and resilience is 

referred to as coping range, which can be described as the capacity of a system to deal 

with variations of climate conditions (Smit & Pilifosova, 2003). The coping range can be 

flexible and can change over time with changes to specific considerations such as 

economic, social, political, and institutional capitals. For example, economic growth, 

improvement in technology, and strengthening of social networks all have the potential to 

increase adaptive capacity. By developing actions that increase capacity, social systems 

are essentially expanding their coping range (Smit & Pilifosova, 2003; Smit & Wandel, 

2006).  

 

Finally, special attention is given to actions that can lead into unsuccessful forms of 

adaptation. In early attempts to define these types of actions, Adger et al. (2005) 

acknowledged that adaptation actions occur in a spatial and temporal complexity, and this 

makes these type of actions to be judged as successful by some groups, while in another 

places and times the same actions are judged as being unsuccessful by other groups. 

Barnett and O’Neil (2010) have also indicated that even though unsuccessful adaptation 

actions do not necessarily increases vulnerability, these action can mean that the 

adaptation actions did not work. However, when these type of actions increase 

vulnerability in other places and sectors in the future, they are referred as maladaptations. 

The IPCC Fifth Assessment Report defines the term of maladaptation as “...actions, or 

inaction that may lead to increased risk of adverse climate-related outcomes, increased 

vulnerability to climate change, or diminished welfare, now or in the future” (IPCC, 

2014, p.857). 
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In addition, maladaptations can be classified according to specific directions through 

which they arise. According to Barnett and O’Neill (2010), maladaptations are classified 

in five dimensions, which adaptation decisions can be screened for their possible adverse 

effects. These dimensions include (1) increase emissions of greenhouses (energy-intense 

adaptation actions, increasing emissions of greenhouse gases), (2) disproportionately 

burden the most vulnerable (in meeting the needs of one group, actions increase 

vulnerability of those most at risk), (3) have high opportunity costs (economic, social, or 

environmental costs are high relative to alternatives), (4) reduce incentives to adapt 

(encouraging unnecessary dependency on others, stimulating rent-seeking behaviour), 

and (5) set paths that limit the choices available for future generations (commitment of 

infrastructure projects to capital and institutions to trajectories that are difficult to change 

in the future). Barnett and O’Neill (2010) also suggest to ask and seek answers to these 

dimension before committing resources to adaptation decisions. Further, within the 

contexts of professional engineering, there is an expectation that such decisions hold 

paramount the safety of the public and environment as one measure to ensure that future 

generations’ choices are not limited. 

2.1.2! The Role of Social Capital with Technology 

At the agricultural producer level, agricultural producers and local governance agencies 

play a major role on decisions involving local resources for a sustainable agricultural. In 

particular, decisions on the implementation and use of available technological resources 

demand a certain amount of information and knowledge for successful adaptation. As 

discussed by Fankhauser and Tol (1997) successful adaptation depends on a number of 

factors, which include the recognition to adapt, knowledge about available options, the 

capacity to assess these options, and the ability to implement the most suitable ones. 

Social capital has the potential to accomplish this by promoting exchange of information 

and knowledge on technological resources through networking and connectedness within 

community members (Aldy et al., 1998).  

 

The mobilization of social capital also helps to deal with the uncertainty of climate 

variability by deliberative dialogues. This process allows agricultural producers to take 

actions collectively, looking for mutual benefits and achieving common goals as 
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individuals working together (Adger, 2003; Dale, 2005). Social capital operates through 

these networks and relationships between individuals and social groups (Adger, 2003). 

Adger (2003) also defines two types of social capitals, including bonding social capital, 

which is based on family kinship and locality, and networking or bridging social capital, 

which is made up of economic and other ties external to social groups. In addition, 

according to Grant (2001; p.976) social capital can also be defined as horizontal and 

vertical social capital.  Horizontal social capital includes relationships or social support 

between members of a community, family, or household, while vertical social capital is 

the relationships between communities and institutions such as government agencies.  

 

Furthermore, agriculture producers do not act in isolation, they interact with other 

producers in agricultural practices. Farmer-to-farmer networks and interactions play an 

effective role in promoting learning, influencing changes to behaviours and stimulating 

collaborative innovation processes. This leads into replication of good practices and 

sharing knowledge and technologies (Ensor & Berger, 2009). Adger (2003) also 

discusses the negative side of social capital where negative practices can be promoted, 

and where these practices can cause disruption of the social systems. In agricultural 

production, there are numerous examples of changing practices in terms of cropping 

regimes and rotations, diversity and mixed farm operations, corporatization of farms and 

international ownership of agricultural land, and changes to technology and water 

management on farms that are affected and cause effect on channels of communication, 

access to capital, and changes in both policies and politics. 

 

Some researchers have pointed out that social systems choose and use technologies that 

are available in the surroundings as proof  that these technologies work under the local 

conditions (Berkes & Folke, 2000). However, despite this local knowledge for 

technological solutions, community member have little knowledge of new alternatives 

because of the poor access to external methods or practices (Leary et al., 2008). 

According to Ensor and Berger (2009) social systems have to be able to integrate their 

own knowledge of what is working with the new knowledge. Social capital promotes 

knowledge sharing through networks to accomplish this integration. The internal and 
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external knowledge is shared and gained from different sources. For example, Possas et 

al. (1996) consider that the trajectory of technology in agriculture is led internally by 

farm units, which include new knowledge established through learning processes or 

experiences, and externally by institutions such as private organization (e.g. agro-

industries and technical support services), non-profit organizations (e.g. cooperatives and 

associations) and public institutions.  

 

As no society is isolated from others, community members are engaged in normal 

communications with other groups leading into an exchange of information about 

technological options for adaptation. This process of exchange of information and 

knowledge has been proven to contribute to technology development and adoption in 

social systems (Basalla, 1988). Dorf (2001) points out that a supportive environment is 

also necessary for social systems to be receptive to the integration of new knowledge 

including  new ideas to support technological innovation. In addition, social organization, 

including security, safety and geopolitical stability, is also crucial for the use of 

technology so community members assume and engage on specific roles under a 

common vision (Kirkpatrick, 2008). 

2.1.3! The Role of Human Capital with Technology 

Human capital as defined earlier refers to the level of educational and local knowledge at 

the individual level. It is important to make the distinction with social capital, which 

considers also knowledge but for the society at large (Ljungberg, 2004). Traditionally, 

human capital has been identified with innate talents, abilities, skill, and learning 

acquired through education and training (Keeley, 2007). According to Becker (1964), 

there is evidence of correlation between the level of education at the individual level and 

the ability to perform a particular activity.  

 

Case studies in different countries have shown that increasing the level of skills and 

literacy, and building the confidence of communities to employ alternative technologies,  

can enhance adaptation (Ensor & Berger, 2009). Increasing human capital in agricultural 

producers also leads to better management of technology, which is an important 

component to enhance adaptation and to improve the use of technology (Parris, 2010). 
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Huffman (2001) points out that additional schooling affects the amount of knowledge a 

farmer has about technologies and this may influence their choices on the type and 

amount of information to acquire. The relation between the level of education of farmers 

and technology has been studied. For example, Putler and Zilberman (1988) conducted a 

research where they found that farmers with college degrees (bachelors and graduate 

studies) had higher probabilities to adopt computer-related technology compared to 

farmers with only elementary school education. The study concluded that the education 

of the farm operator is a factor in choosing and adopting technology. However, there are 

also other factors that influence the adoption of technology, including farm products 

produced, size of the farming operation, and ownership of farm-related business. 

 

In addition, important attention is given to the complementary connection between 

human capital and technology, as one may need the other to develop. Reis (2004) has 

shown evidence of this connection by concluding that in industrialization processes, new 

technology increased the demand for knowledge and skills. His research suggests that in 

late developing economies, the lack of skills might have encouraged the adoption of 

capital intensive processes such as technological sophistication that in turn raised the 

demand for human capital.  

 

In the context of agriculture, human capital is also related to an increase in productivity. 

Huffman (2001) discusses this connection indicating that growth in knowledge leads to 

acquisition of skills, and this is followed by the increased labour productivity. Also, the 

increase in modern technologies and their availability is changing the economic 

environment, which promotes better and enhanced decision-making skills of farmers. 

2.1.4! The Role of Technology in Agricultural Communities  

The role of technology in agriculture has been crucial for agricultural producers to cope 

with climate changes, expand production of crops, and increase farm income (Smith, 

1994). Access to technological resources for water storage and distribution used by 

agricultural producers are essential to successfully cope with water variability and 

extreme climate events. These technologies have been identified as a particular 

mechanism in agriculture to increase adaptive capacity and adapt to specific climate 
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variability events such as drought and floods (Adger et al., 2007; Easterling et al., 2007; 

Smit & Pilifosova, 2003).  

 

In agriculture, technical options to cope with climate variability and to increase resilience 

have also been suggested in the decision-making process to promote adaptive capacity 

(Howden et al., 2007). For example, in the Prairies, the suggestion is to build more water 

storage facilities to cope with large fluctuations in water flows (Sauchyn & Kulshreshtha, 

2008). At the agricultural producer level, drainage techniques and technologies have been 

used to successfully manage water storage, and also to manage the excess of water over a 

specific period of time (Spaling, 1995).  

 

Water distribution for irrigation starts in reservoirs, which can be built on-stream or off-

stream. These reservoirs have the objective of storage and control of primary water 

supplies, additions include diversion structures to direct water from reservoirs into stream 

of diversion canals, and spillways to protect reservoir embankments and irrigation 

structures, and control the flow of water (Alberta Agriculture and Rural Development, 

2004). These technologies allow managing water for irrigation by collecting water in 

spring for use in midsummer to balance any water deficits (Alberta Agriculture and Rural 

Development, 2004). In addition, reservoirs have the ability to improve the irrigation 

system efficiency if they are placed in strategic locations within the distribution system. 

This allows the reservoirs to act as balancing pools in the periods of fluctuating demand. 

A combination of well-planned layouts of distribution canals with balanced reservoirs 

can greatly increase the irrigable areas to be served without enlarging the main canals of 

headwork systems (Thiessen & Smith, 1982). 

 

The World Summit on Sustainable Development of the United Nations (2002) in its 

Article 26 (e) acknowledges the importance of the diffusion of technology during dry 

periods by emphasizing the flow of information and ideas about technology and capacity 

building in regions facing water scarcity and droughts. In addition, the Technical 

Committee of the Global Water Partnership (2006) identifies improving water 

efficiencies through technology as a mechanism to reduce water scarcity and maximize 
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the benefits provided by existing water infrastructure. The focus in the future of irrigation 

management will shift from production per unit area towards a water productivity 

approach to maximize the production per unit of water consumed (Fereres & Soriano, 

2006). 

 
The improvements of efficiencies in technology and management practices for storage, 

distribute and on-farm utilization are highly needed to optimize the amount of water used 

in agriculture (Harker et al., 2004; Lotze-Campen & Popp, 2012). According to Thiessen 

and Smith (1982), efficiencies of an irrigation water supply system is based on three 

basic components: storage efficiency, conveyance efficiency, and farm efficiency. 

Storage efficiency is the volume of water that goes from the reservoir to the delivery 

system as a percentage of the volume of water diverted from the stream flow to the 

storage reservoir. Conveyance efficiency is the volume of water delivered at the farm 

head gate as a percentage of volume of water diverted to the conveyance systems at the 

supply source. Finally, farm efficiency is the volume of water beneficially used by 

agricultural products plus that necessary to maintain a favourable soil salt balance as a 

percentage of the volume delivered to the farm. For example, on-farm water use 

efficiency in irrigation systems can be improved by adapting existing technologies such 

as the adaptation of sprinkle systems to operate at low pressure (Rosenberg, 1992).  

 

Jiménez Cisneros et al. (2014) also consider improved irrigation technologies as an 

option to mitigate impacts of climate change, and to increase adaptive capacity to reduce 

the demand for irrigation water. Therefore, the importance of technology relies on its role 

to allocate and manage water according to its availability. Whenever, there is a scarcity of 

water, technologies will be more important to allocate what is left more efficiently 

(Mendelsohn & Dinar, 2003), and whenever, there is an excess of precipitation, 

improvements on technology vulnerable to floods are needed as a mitigation strategy to 

climate change impacts, and as an option to adapt to climate extreme events (Jiménez 

Cisneros et al., 2014).   

 
Innovations, research and development in technology for agriculture have also been 

recognized as commonly encouraged strategies for an effective means to adapt to new 
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conditions and to maintain efficient agricultural practices (Adger et al., 2007; Kanwar, 

2009; Rosenberg, 1992). Innovation has played a significant role in the history of 

agriculture since changing weather and climate variability demand ongoing research and 

other types of innovation to reduce vulnerability and increase agricultural productivity 

(Pardey, et al., 2010). For example, technological innovations in irrigation systems, 

integrated drainage systems and field drainage technologies have been essential in 

agriculture to adjust to new environmental conditions (Smithers & Blay-Palmer, 2001). 

In the future, technological changes will play a more important role in most of the regions 

affected by climate variability (Bates et al., 2008). Likewise, innovation and improved 

technologies will also be critical components of agricultural growth, as well will 

contribute to long-term success in primary production (Irrigation Water Management 

Study Committee, 2002a).  

2.1.5! Determinants of Adaptive Capacity 

This section explores the interconnections between the different elements that determine 

the adaptive capacity of a social system, which has been explored through different 

perspectives and aspects within different vulnerability conceptual frameworks. Birkmann 

(2006) discusses these different approaches of vulnerability and adaptive capacity of 

social systems. He concludes that despite the different approaches for vulnerability, some 

similarities can be found such as vulnerability represents the inner condition of a society 

or community that make it liable to experience harm. For example, the conceptual 

framework of sustainable livelihood also seen as a framework for vulnerability 

assessment is centred on people within the vulnerability context viewed as trends, shocks, 

and seasonality (Department for International Development, 1999). This framework 

identifies five core asset categories or capitals in which livelihoods are built, including 

human, natural, financial, social, and physical capital. The access of these capitals in the 

form of ownership or right to use is a major determinant to support livelihoods. This 

framework also acknowledges the interconnection that exists between capitals as one 

capital can generate multiple benefits and influence other capitals (Department for 

International Development, 1999). However, according to Birkmann (2006) the 

flexibility of the interchanges of the different capitals has to be explored in depth  
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particularly around the  power and the processes of transforming structures of the 

capitals.  

 

Similarly, Smit and Pilifosova (2001; 2003) have identified the capitals defined in the 

sustainable livelihood framework and called determinants of adaptive capacity to reduce 

social vulnerability: economic growth, social networks, human, institutional, and natural 

capital, and improvement in technology and infrastructure. These determinants have also 

been included in the IPCC Third Assessment report (2001) as adaptation determinants for 

climate change. Adger (2006) and Smit and Pilifosova (2001) also recognize that these 

determinants are interconnected similarly as the sustainable livelihood framework, and 

their combination determines the adaptive capacity of a social system. Smit and Wandel 

(2006) also acknowledge that the determinants of adaptive capacity cannot be isolated as 

adaptive capacity is generated by the interactions of these determinants, which vary in 

space and time. For example, the presence of a strong kinship network may increase 

adaptive capacity by allowing more access to economic capital, increasing the ability to 

supply labour. 

 

The determinants of adaptive capacity can be defined as follows:  

 

Economic capital:  includes financial means and wealth that agricultural producers use to 

achieve their livelihood objectives (Department for International Development, 1999). 

Economic capital is one of the greatest concerns of rural agricultural producers for 

investments in technology, affecting its development. Adger et al. (2007) note that even if 

technological adaptations are possible, they may not be economically feasible due to the 

lack of financial resources at the individual and community level. 

 

Natural capital: includes the availability and access to natural resources such as water. 

The relation of natural capital to vulnerability in the context is in particular very close 

since many climate hazards are natural processes, including floods and droughts 

(Department for International Development, 1999).  
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Infrastructure: refers to existing physical structures such as roads, shelters, sanitation, 

and other forms that allow agricultural producers to cope with climate extreme events and 

enhance adaptation (Department for International Development, 1999). It is important to 

note that in the literature, infrastructure can also be referred to drainage or water supply 

systems. However, for this research and according to the technology definition, any 

structure used for water storage and distribution has been included under the technology 

determinant. 

 

Institutional capital: referred to as established institutions that facilitate the management 

of climate related risks. These institutions also provide institutional capacity to help 

dealing with risks associated with future climate change  (Smit & Pilifosova, 2001; 

2003). This could be through the development of incentives or programs to agricultural 

producers to implement water efficient technologies. 

 

Social Capital: is referred to social resources, including social networks and relationships 

between social systems such as agricultural producers (Adger, 2003). This builds 

relationships of trust at the moment to make decision and implement newer technologies 

as benefits are shared and tested by other producers. 

 

Human capital: refers to the level of educational and local knowledge, as well as 

expertise of agricultural producers to make decisions on-farm technologies as well as to 

perform a better technological management, which is an important component to enhance 

adaptation (Becker, 1964; Berkes & Folke, 2000). 

 

Technology: refers to the ability of agricultural producers to access technology for water 

storage and distribution such as irrigation systems and canals, as well as the existing 

capacity that could lead to an improvement of adaptive capacity (Smit & Pilifosova, 

2001). 

 

This thesis explores the role and the importance of the last three capitals, including social 

and human capitals and their relation to decisions involving technology capital. These 
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decisions may influence the vulnerability of technology, which may lead to social 

vulnerability. These three categories of capital were chosen because the connection that 

exists in the definition of technology used in this research, which is defined as “a piece of 

equipment, technique, practical knowledge or skills for performing a particular activity” 

(IPCC, 2000; p.430). The definition of technology includes the importance of knowledge 

in general, which can be referred at large in a community or at the individual level. The 

definition of technology also includes skills used to perform an activity, which is an 

important characteristic of human capital.   

 

In this perspective, knowledge and skills at the individual level and the community level 

are relevant as agricultural producers and local institutional representatives are those 

leading actions related to technologies for water storage and distribution, which may 

include implementation, use, maintenance of technologies for water storage and 

distribution. These actions can be categorized as adaptations if the outcomes lead to 

increased adaptive capacity of a social system , or maladaptations, if the actions and also 

inactions may not lead to reduce vulnerability of social vulnerability (Parris, 2010). 

2.2! Technological Systems 

2.2.1! Technological Vulnerability 

Technologies for water storage, such as reservoirs and dugouts, and for water distribution 

such as irrigation channels, and for enhanced water management, such as pivot irrigation 

systems, have the same ultimate objective of providing a secure source of water. This 

objective is particularly important in times when there is a limited amount of water. From 

this perspective engineering plays a great role in technology development and 

optimization as associated to problem-solving under constrains. This process is known as 

engineering design refers to “...the systematic, intelligent generation and evaluation of 

products whose form and function achieve stated objectives and satisfy specific 

constrains” (Dorf, 2001, p. 161). Engineering design in technologies for water storage 

and distribution is important for providing the necessary methods to produce a suitable 

product that is generated from applying practical knowledge of engineering, 

manufacturing, and economics. To accomplish a product that meets specific 
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requirements, engineering design sets specific goals for a product that could include 

performance, maintainability, aesthetics, cost, availability of parts and materials, easy to 

use, versatility, portability, recyclability of parts, readily manufactured, and safety (Dorf, 

2001). These types of requirements are important for the final product, as it could be 

subject to failure if requirements are not met.  

 

In the context of climate extreme events, climate exposure may increase the chances of a 

technology to fail, increasing its vulnerability. Martin (1996; p.513) refers to this as 

technological vulnerability, which is defined as “…the chance of failure of an entire 

technological system due to outside events”. Failure occurs when the outside event leads 

to disruption of the usual purposes of the system, and consequently, the intended purpose 

of the technology is not met (Martin, 1996). Following the definitions of Adger (2003) 

and the IPCC (2001) for social vulnerability and exposure, outside events can be referred 

to as the nature and the degree in which a system is exposed to stress caused by 

environmental hazards such as droughts and floods.  Technological resources used in 

rural agricultural communities are also affected by the same climate exposures, causing 

technological vulnerability.  

 

In his definition of technological vulnerability, Martin (1996) refers to the term 

technological system. In the context of this research, each water technology for 

agriculture can be referred as a technological system since by definition, a non-living 

system is an organized group of artificial objects for a specific purpose (Oxford English 

Dictionary, 2015). Capra (1996; p.158) defines two essential components of a non-living 

system: structure and pattern. The use of “pattern” refers to “…the configuration of 

relationships among the system’s components that determines the system’s essential 

characteristics.” In a technological system such as a pivot-irrigation technology, the 

number of functional relationships between its components: pivot tower, sprinkler, and 

control panel constitutes the essential characteristics of the pattern “pivot-irrigation 

technology”. On the other hand, the structure of a system is also defined by Capra, 1996 

as “…the physical embodiment of its pattern of organization…involving the actual 

physical components…” (p.158-159). The structure of a pivot-irrigation system includes 
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its essential elements with different combinations of elements such as low or high-

pressure system, or longer or short extensions. Therefore, different combinations of the 

physical elements: the structure can be identified as the same pattern of relationship that 

defines the pattern: “pivot-irrigation technology”. The challenge of a technological 

system in the context of climate extremes is to maintain its objective in pattern and 

structure by being resilient when there is an environmental threat, otherwise the 

technological systems would fail to meet its purpose. 

 

Agricultural producers can adopt or change an existing technology (pattern) to have 

better access and manage water more efficiently. According to extreme environmental 

conditions or events, case studies have shown that changes and improvements on 

structure of the existing technology can be developed to increase the adaptation of the 

technology and the producers themselves (Noble et al., 2014). Changes in technologies, 

also called changes in patterns have occurred several times in the history of agriculture. 

For example, changes in technology to irrigate dry land have occurred in the study area of 

Taber, Alberta alongside a change of technological systems, from wheel-moved 

sprinklers to centre pivots (Bjornlund et al., 2009).  

 

Likewise, the use of existing technologies has been used as adaptive strategies to cope 

with climate variability (IPCC, 2007b). Changes and improvements on structures of 

existing technological systems in the Prairies, and in particular, in the study area of this 

research, have been encouraged as a strategy to improve water efficiency during dry 

periods and as a cost-effective plan to increase economic profits. The adoption of low 

pressure instead of high-pressure application devices in centre-pivot irrigation 

technologies have been used to efficiently save considerable amounts of water, increasing 

efficiency up to 90%  (Sauchyn & Kulshreshtha, 2010). In technologies for water storage 

such as reservoirs and dugouts, increased capacity are changes in structure and are often 

developed to manage water either during shortage or excess of water. Alberta Agriculture 

and Rural Development (2008) suggests changing the structure of dugouts by extending 

their capacity as a solution to ensure enough water during extended periods of droughts . 
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In a context of climate variability and as a response to uncertainty, it is more probable to 

focus on improving the structure of existing technological systems by increasing the 

efficiency of existing water supply systems than developing new ones. However, this 

does not mean that is a better option. It just takes shorter time than planning and 

constructing new facilities (Rosenberg, 1992). In some cases, improving the structure of 

an existing technological system may lead to reducing vulnerability of the technology 

itself, and at the same, may also lead to reducing vulnerability of a social system where 

the technology is implemented. For example, in addition to other factors such as 

economic resources and adaptive water management, FAO (2013) recognizes the 

importance of improving the ability to cope with climate extreme events of water 

infrastructure to reduce social vulnerability. However, in some other cases, improving the 

structure or taking non-action in the structure of the technological system may not be 

beneficial or may not lead to reducing vulnerability of social systems. In fact, it could 

aggravate it and it could be considered as a maladaptation. For example, the extensive use 

of improved irrigation systems to save water and raise yields could increase the 

environmental costs by developing greater risk of flooding and soil erosion (Parris, 

2010).  

2.2.2! Considerations for Technological Development 

Dow and Reed (2011) developed a theory explaining why technological progress was 

slow before agriculture and why technology evolved faster after agriculture practices 

started to be used by human societies. According to the authors, agriculture allows 

opportunities for learning and to build up knowledge by experientially learning over the 

full cycles of planting to weeding and irrigating to harvesting. This process has led to the 

emergence of positive feedback loops involving technological changes, population 

changes, institutional innovations, and investments in human capital.  This is 

complementary with the discussion of Brooks (1980) on his paper Technology, Evolution, 

and Purpose, when the author compares the genealogy of ideas in the evolution of 

technology with the genealogy of variations in biological evolution. According to this 

perspective, technological evolution involves the survival of knowledge to provide the 

foundations to produce a new range of possibilities for the next generation of 

technologies. It is vital to be able to demonstrate that that continuity exists between a 
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technology and its relation to its predecessor, where innovative technological solutions 

are being sought (Basalla, 1988). 

 

In the last hundred years, an important characteristic in the evolution of technology has 

been labour saving, while material and energy savings have occurred via automation 

efficiencies have emerged as designs are optimized following their original introduction 

to the technological marketplace (Brooks, 1980). In recent years, driving forces of 

technological evolution have been more complex processes with a wide range of 

interconnected variables. Technological innovation has been placed as an important 

mechanism to address such complex process. Possas et al. (1996) propose an 

interpretation of this complex process of technological innovation where in addition to 

production and productivity, competition, industry, and market changes also play an 

important role.  

 

Today, climate change and climate extreme events have been identified as an important 

force in technology innovation and development. The development of new infrastructure 

for water storage, irrigation, and efficient water use technologies are a result of climate 

driver forces in technology development (Adger et al., 2007; Easterling et al., 2007; 

Howden et al., 2007). Technological solutions in agriculture are focusing more on the 

impacts of climate such as excess and scarcity of water. For example, in climate 

variability and extremes climate events such as dry seasons, water productivity has had 

much attention to maximize agricultural production per unit of water consumed to 

address deficient irrigation (Fereres & Soriano, 2006).  

 

Technology has been important component to make agriculture more independent from 

climate uncertainty by developing and using more improved technological solutions 

(Marten, 2001). Technology has also allowed social systems to control time and space, 

and the surrounding environment. Part of an artificial environment includes technology 

that is channelling and reproducing properties of the natural environment under 

controlled conditions (Edwards, 2003). Therefore, technology development and solutions 

have been strongly depended on decisions influenced by the uncertainty of climate. It is 
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imperative to include future climate conditions in technological projects. If this 

uncertainty factor is included, all long-term technological projects will be better adapted 

in the future and the impacts on new technological development will be remain lower 

(Hallegatte, 2009). Furthermore, climate change and climate projections are leading into 

new designing considerations in technological systems, altering patterns in design to cope 

with new agricultural conditions and increased frequency of climate extreme events 

(Edwards, 2003). 

 

The motivation of agricultural producers to improve technology also appears to have a 

strong economic objective. Some of the new technological practices adopted are based on 

enhancing productivity and efficiencies in farms, including cost-effectiveness (Hall, 

2003). There are indications in the irrigation industry of improved technologies being 

implemented to optimize economic efficiency by increasing yields, which does not 

necessarily lead to water efficiency but rather to increased water consumption (English et 

al., 2002). Bjornlund et al. (2009) conducted a study on adoption of improved irrigation 

technology and management practices in Taber and Raymond irrigation districts in 

southern Alberta. The results revealed that for irrigators, improved crop yield or quality 

was the main reason for implementing a change in technology. 

2.2.3! Technological Challenges 

In a variable climate, technological systems, as other non-living or living systems face 

challenges for development and implementation. These systems are used by agricultural 

producers as mechanisms for adaptation to increase resilience and to reduce vulnerability 

to climate extreme events. Despite technological benefits to reduce vulnerability, 

technology is constantly challenged by climate extreme events, such as floods and 

droughts, which constantly impact the performance of technological systems, increasing 

the risk of malfunctions in the occurrence of emergencies (Mimura et al., 2014). 

 

In addition to climate variability, there are other major trends in technology that defines 

its evolution for successful adaptation to its environment. According to Brooks (1980), 

technology tends to become less adaptive to its environment when it is applied in large 

scales. Technology design also becomes standardized and rigid as a result of market 
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success, making it more difficult to adapt to environmental challenges. Likewise, farming 

technologies are becoming more powerful and effective, increasing their size and 

capacity to produce more. As a consequence, farms are demanding more resources from 

outside, including more efficient technologies. This is leading farmers to be less flexible 

and more vulnerable to adverse conditions, making it more difficult to cope with climate 

extreme events (Palmer, 2003). 

 

If chosen properly, technology systems can be successfully developed to cope with 

climate variability. However, these solutions may be too expensive to be implemented 

and not aligned with the local economic context (Adger et al., 2007; Kundzewicz et al., 

2007). Climate variability and the impacts of floods and droughts on technology for water 

storage and distribution could be highly expensive due to the changes on water levels, 

leading to further social and economic impacts (Bates et al., 2008). Technological 

systems and innovative technologies for water storage and distribution such as water 

harvesting and irrigation system are often expensive and limited in value (Smithers & 

Blay-Palmer, 2001). Climate change also challenges technological developments (e.g. 

reservoirs, pumping, wells, distribution networks, etc.) by adding additional costs to 

water supply systems, affecting not only water for agricultural producers but for other 

industries and urban areas (Kundzewicz et al., 2007). Technological development and 

innovation in agriculture are attributed to research and development, often limited by the 

lack of incentives to investment to develop technologies, reflecting more economic 

interest other than the preferences of the society for environmental goods and services 

(Aldy et al., 1998; Possas et al., 1996).    

 

Many surveys conducted by FAO (2007) have revealed that the operation of irrigation 

canals can be affected by poor service and maintenance, resulting in the deterioration of 

the irrigation infrastructure. Technical and engineering design are as important as the 

level of the maintenance and the expertise of the operator who uses and manages the 

technology (FAO, 2007).  Despite the benefits of open channels in current irrigation 

systems for water transportation, they have shown failures by being very wasteful 
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through seepage, percolation, and evaporation (Irrigation Water Management Study 

Committee, 2002b; Kanwar, 2009) 

 

Technological solutions not only provide solutions of existing problems but they may 

also create new ones. The adoption of technological systems bring changes in lifestyles 

and values, as well as changes in knowledge in agricultural producers and the way 

agricultural practices are done, creating resistance for adoption (Palmer, 2003). In 

addition, climate extreme events not only cause direct damage in rural communities and 

technology but also they can intensify the impacts by its effects on technological systems 

such as infrastructures. For example, flooding can result in shattered dams and levees, 

increasing vulnerability (Edwards, 2003). 

2.3! Summary 

This chapter defines the major concepts in relation to social vulnerability, which include 

exposure, sensitivity, and adaptive capacity. These three characteristics are greatly 

connected, as exposure refers to the nature and the degree to which a system is exposed, 

sensitivity refers to the degree to which is a system is affected, and adaptive capacity 

refers to the ability of a systems to adjust. To reduce vulnerability to climate extreme 

events, it is necessary to increase resilience, which is the ability of a system to absorb 

shocks or cope with the unexpected, and increase adaptive capacity. These two concepts 

are related by promoting adaptive capacity, which has the potential to build resilience in a 

social system. Coping with the consequences of exposure or with the unexpected can be 

described as the capacity of a system to deal with variations of climate conditions, which 

is called the coping range. This coping range can be flexible and change over time 

according and can be expanded by increasing adaptive capacity. 

 

In addition, actions to adapt have the potential to lead to an unsuccessful adaptation, 

which has been referred as maladaptation actions. Maladaptations have been described as 

having different dimensions since adaptation actions are spatially and temporally 

complex. It is for this reason that maladaptations have the potential of increasing 

vulnerability in times and places, where they were not intended to have an influence. The 
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definition of maladaptation also refers to inactions that lead to the increase of 

vulnerability now or in the future.   

  

This chapter also defines technological vulnerability, which has been referred as chances 

of technological systems to fail due to an external exposure. In this perspective, 

engineering design plays an important role when producing a technology that meets 

specific requirement to meet its purpose, in particular, in a context with climate 

exposures such as lack or excess of water. Technological systems will continue to be 

challenged to adapt to ongoing and unexpected changes. This process of change has been 

led by improving existing technology (changes in structure), or by implementing or 

changing technologies (new patterns). For example, switching from different pressure 

systems in a pivot-irrigation system can be referred to as a change in structure, while 

switching from wheel move sprinklers to centre pivots can be referred as a change in 

pattern. 

 

Social and human capital may contribute to the reduction of technological vulnerability 

as both capitals rely strongly on knowledge, enriching the process of decision-making, 

which is an important component for technology design and adaptation. On one hand, 

social capital deals with knowledge at large in social systems. This is important because 

it defines how the knowledge of technology moves within a social system. Whereas, 

human capital centers on knowledge and skill at the individual level which affects 

individual choices and management of technology.  

 

The development of technology in agriculture has been primarily attributed to the 

learning and knowledge gained from on-farm experience, with the largely hereditary 

nature of farming and generational “apprenticeships” forming the collection and sharing 

of both historical knowledge and generation of new technological solutions. 

Technological innovation has also been a crucial component when dealing with 

constraints and uncertainty. Technology development, including innovation, has been 

very valuable in the context of climate extreme events where water fluctuations are one 

of the major stressors. Technological systems also have challenges, which may increase 
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their vulnerability. These challenges include extreme climate exposures, rigidity, lack of 

economic resources and maintenance, and non-appropriate decisions leading to 

maladaptations.  

 

Finally, this chapter recognizes the importance of social and human capital in relation to 

technology as a valuable resource in agricultural communities by describing the 

connection between knowledge and the adoption of technological options for adaptation. 

This chapter also recognizes the importance of other determinants affecting the adaptive 

capacity of social systems such as infrastructure, economic, and institutional capital and 

their interaction with each other, including social, human, and technological capital. 

These determinants have been defined as determinants of adaptive capacity and have the 

potential to reduce vulnerability by promoting the development of them. 
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3! Study Area 

3.1! Background 

The area of study for this research project includes three jurisdictions within the Oldman 

River Basin (ORB), which include the Municipal District (MD) of Pincher Creek, the 

MD of Taber, and the County of Lethbridge. The economy of these three jurisdictions 

strongly rely on agricultural development, as well as other industries such as oil, gas, and 

wind (County of Lethbridge, 2015; MD of Pincher Creek, 2015; Oldman River Regional 

Services Commission, 2004). Water for these industries is diverted from the Oldman 

River and granted through a license or registration under the Water Act. Irrigation is the 

biggest water use in the ORB with 88% of the total allocation (2,231,26 dam3) (AMEC 

Earth & Environmental, 2009).  

 

The ORB covers more than 2,800,000 hectares and it is located in the southwest section 

of the Southern Alberta (Saffran, 2005). It is one of the sub-basins of the South 

Saskatchewan River Basin (SSRB), which also includes the Bow, Red Deer, and South 

Saskatchewan river basins (Alberta and Sustainable Resource Development, 2014). The 

grassland part of the basin is considered to be one of the most intensive agricultural 

regions in Canada with irrigated crop land and high densities of livestock operations 

(Saffran, 2005).  

 

The Oldman River headwaters are in the Rocky Mountains in the west and it is fed all 

year by snow and glacier-melt. An extensive irrigation canal network connected to 

holding reservoirs pass through the region to satisfy urban development, agriculture, and 

industrialization needs (Byrne et al., 2006). The ORB has a gross drainage area of 27, 

500 km3. Its effective drainage area is 20, 900 km2 (AMEC Earth & Environmental, 

2009). The headwaters include three rivers: the Oldman, the Castle, and the Crowsnest 

rivers, which merge at the Oldman Reservoir. From the reservoir, the Oldman River flow 

eastwards for 330 km until joins the Bow River to become the South Saskatchewan River 

(Saffran, 2005). The mean annual natural flow of the Oldman River at Lethbridge is 

350,000 dam3 and it drains into the South Saskatchewan River at the confluence of the 
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Bow River (AMEC Earth & Environmental, 2007). Further downstream in the 

Lethbridge, the Oldman River is joined by the Belly and St. Mary River (AMEC Earth & 

Environmental, 2009). Figure 1 shows the Oldman River Basin. 

 

Water for agricultural development is essential in the Oldman River Watershed and even 

though Alberta has vast water resources, Southern Alberta has deficit in precipitation, 

receiving 300-450 mm of precipitation annually for a growing season of approximately 

150 days (Alberta Agriculture and Rural Development, 2004). Lapp et al. (2005) predicts 

a considerable decline in snow accumulation based on historical and future snowpack 

prediction models in the Oldman River Watershed for the period 2020-2050, reducing 

spring runoff volumes and adding stress to water supplies in the area. Future irrigation 

demands of irrigation districts and private irrigators have also been assessed in the region 

under impacts of climate change, showing an increase of water demand of 7% for 

irrigation districts 11% for private irrigators in 2020s (Islam & Gan, 2015). 

 
The first jurisdiction of the study area starting from the East section of the Oldman Basin 

is the MD of Taber. The MD of Taber is located in Southwest of the province of Alberta. 

It includes three urban municipalities, Town3 of Taber, Town of Vauxhall, and the 

Village4 of Barnwell. It also includes hamlets5 and urban services, which are Enchant, 

Johnson’s Addition, Grassy Lake, Purple Springs and Hays (Municipal Affairs Alberta, 

2015a). The agricultural economy is supported by irrigation with approximately 182,000 

ha of irrigated land. There is an ongoing expansion and development of irrigation in the 

MD and has allowed the diversification of agricultural products such as potatoes, corn, 

beans, and sugar beets (MD of Taber, 2010). 

                                                
3 According to the Municipal Government Act of Alberta (2000), a town “…may be form for an area in 
which a majority of the buildings are on parcels of land smaller than 1850 square metres, and (b) there is a 
population of 1000 or more.” (p.65). 
4 According to the Municipal Government Act of Alberta (2000), a village “…may be formed for an area 
in which (a) a majority of the buildings are on parcels of land smaller than 1850 square metres, and (b) 
there is a population of 300 or more.” (p.65). 
5 According to the Municipal Government Act of Alberta (2000), a hamlet “…(a) consists of 5 or more 
buildings used as dwellings, a majority of which are on parcels of land smaller than 1850 square metres, 
(b) has a generally accepted boundary and name, and (c) contains parcels of land that are used for non-
residential purposes.” (p.58). 
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The next jurisdiction is the County6 of Lethbridge. The County is located in Southern 

Alberta covering two river valleys: the Oldman River and the Little Bow River. It 

includes six urban municipalities the City of Lethbridge, the Towns of Coaldale, 

Coalhurst and Picture Butte and the Villages of Barons and Nobleford. The County of 

Lethbridge also borders the MD of Taber and other six municipalities. Agriculture is the 

main land use in the County, being supported by two irrigation districts: The Lethbridge 

North Irrigation District and the St Mary River Irrigation District (County of Lethbridge, 

2009). 

 

The last jurisdiction is the MD of Pincher Creek. The MD is located in the Southwest part 

of Alberta and it includes two urban municipalities, which are the Town of Pincher Creek 

and the Village of Cowley. It also includes the hamlets of Beaver Mines, Lowland 

Heights, Pincher Station, Twin Butte, and Lundbreck (Municipal Affairs Alberta, 2015a). 

The geography of the MD has two major characteristics: foothills and Prairie lands 

(Oldman River Regional Services Commission, 2002). Agriculture is the predominant 

and prevailing land use in the municipality and also one of the most important industries 

along with ranching (Alberta Southwest, n.d.; Oldman River Regional Services 

Commission, 2002). Wind energy, and oil and gas industries are also part of the 

development of the local economy (MD of Pincher Creek, 2015).  

 

Assessing vulnerability in the Oldman River Watershed demands a great effort 

recognizing multiple features of vulnerability of these three jurisdictions, including 

climate, political, cultural, economic, institutional and technological components (Smit & 

Wandel, 2006). Figure 2 shows the three jurisdictions along the Oldman River Watershed 

 

 

 
 

                                                
6 A municipal district is also called a county is a government from in rural areas of the province (Municipal 
Affairs Alberta, 2015b) 
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(Source: City of Lethbridge, n.d.) 

Figure 1 The Oldman River Basin 
 

 

 
(Source: Adapted from Vulnerability and Adaptation to Climate Extremes in the Americas project 

(VACEA), 2012) 

Figure 2 Areas of Study: Pincher Creek, Lethbridge, and Taber

 

3.2! Climate Context  

Lethbridge 
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The Canadian Prairies have the most variable climates in the world.  Even though, there 

is no explicit connection between extreme weather events to climate change, there is 

scientific literature supporting the contention that climate extreme events will become 

more common in the future under a changing climate (Sauchyn, 2010). In addition, it has 

been predicted that climate warming will cause effects on regional glaciers, snow packs 

and evaporation, which combined with extreme events, such as cyclic droughts, and 

intense increments of human activity will cause crises not only in water quality but also 

in water quantity (Schindler & Donahue, 2006). The climatic variability increases the 

vulnerability and risks of different actors and systems in the Prairies. According to Public 

Safety Canada (2013), several heavy precipitation and dry periods have been reported in 

the Southern Alberta, causing an extensive amount of damage in technology, with 

estimated losses in the billion-dollar range.  

 

The Oldman River Basin has experienced not only climate variability causing flooding 

and drought, but also constant changes in water flows caused by climate and water 

diversion for different uses, as well as changes in vegetation and topography. A 

comparison of rivers in the region has revealed that damming, human water withdrawals, 

and increased warming effects such as evaporation, evapotranspiration, and winter 

snowpack have contributed to the declines in river flows (Schindler & Donahue, 2006). 

In addition, models have also shown that snow hydrology on the St. Mary river, one of 

the rivers of the Oldman River Basin, is very susceptible to changes in temperature and to 

a lesser degree of precipitation. Predicted data for 30 years under three different scenarios 

suggests that water supply from snowpack is likely to be reduced. For example, low river 

flows were lower than expected in 2001, causing a severe drought, which impacted a 

large region of the Prairies, including the Oldman River Watershed. The drought affected 

water supplies including dugouts and reservoirs. The drought in 2001 challenged several 

adaptation measures, exposing economic, social, and environmental vulnerabilities 

(Agriculture and Agri-Food Canada (AAFC), 2012).  

 

The same drought in 2001 affected the community of Taber and surrounding rural 

municipalities, causing a shortage of water. Water technologies for storage, such as 
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reservoirs that used to supply enough water during dry periods of time, were challenged 

and consequently failed to meet water needs in some areas, increasing vulnerability of 

agricultural producers by reducing agricultural production. The estimated loss in 

agriculture was of $2 billion in Alberta. To overcome these extreme climate events, it 

was necessary to develop rehabilitation and adaptation projects, which included repairing 

existing technology and constructing new ones such as dams, dugouts and wells 

(Sauchyn & Kulshreshtha, 2008). The drought of 2001 also resulted in water restrictions 

being imposed on urban Taber and in other water users around the affected area such as 

irrigation districts. As a consequence, agricultural producers had to invest in water 

conservation technologies to be able to minimize the impact of the shortage of water 

(Wittroc et al., 2007).  

 

Flooding can also increase vulnerability of agricultural producers and technological 

systems. An earlier start to spring can also occur due to climate change, causing earlier 

onset of snowmelt and potentially flooding.  Flooding affects the operation of storage 

water technologies such as reservoirs (MacDonald et al., 2010). For example, heavy rain 

and snowmelt led to flooding conditions from June 5th to June 9th in 1995 in the Oldman 

and South Saskatchewan Rivers to Pincher Creek, Lethbridge, and Medicine Hat, causing 

damages of more than 150 billion dollars, including technologies for water storage and 

distribution (Public Safety Canada, 2013).  

 

There is one index used for several years to measure dry and wet periods, which is called 

the Standardized Precipitation and Evapotranspiration Index (SPEI). The SPEI is based 

on the concept of water budget, which takes into consideration water gains through 

precipitation falling on the ground, and water losses by evaporation, as influenced by 

temperature. When the SPEI values are less than -0.5 it indicates droughts and when 

values are greater than 0.5 indicates excessive moisture conditions (Wheaton et al., 

2015).  

 

Using the SPEI for the period between 1900 and 2011, Wheaton et al., (2015) have 

considered the top five extreme wet and dry growing seasons, in the Oldman River 
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Watershed, as severe. The strongest droughts have been found in order of severity were 

the years of 1936, 2001, 1919, 1910, and 2000 in the growing season from May to 

August. The year of 2003 was also a significant drought because it included several 

consecutive years from 2000 to 2003. Conversely, using the same SPEI scale, there have 

been five extreme wet growing seasons in the Oldman River Watershed. These years are 

in order of severity 1927, 1993, 1902, 2005, and 1942. Another recent wet year occurred 

in 2002 and it was ranked as the eighth wettest in the same location. Table 1 shows the 

SPEI values for the most severe drought for the period 1900 to 2011, and Table 2 shows 

the SPEI values for the most severe floods for the period 1900 to 2011.  In addition, 

Figure 3 shows the graphic representation of the SPEI for the Oldman River Watershed 

with the most severe events from 1900, when technological development started to occur 

in the study area to 2011.  

 

Table 1 SPEI values for the severe droughts (1900-2011) 
Year Oldman River Watershed 

SPEI Average for Growing Season 

1936 -2.21 
2001 -1.81 
1919 -1.74 
1910 -1.48 
2000 -1.82 

Source: Adapted from (Wittrock et al., 2014) 

 

Table 2 SPEI values for severe floods (1900-2011) 
Year Oldman River Watershed 

SPEI Average for Growing Season 

1927 1.90 
1993 1.90 
1902 1.88 
2005 1.67 
1942 1.64 

Source: Adapted from Wittrock et al., 2014 
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Source: Wheaton et al., 2015 

Figure 3 Standardized Precipitation Evapotranspiration Index in the Oldman River 
Watershed 

3.3! Technology Development and Challenges 

The government of Alberta acknowledges that in areas with extreme climate events such 

as in Southwest Alberta, technologies such as reservoirs, dams, dykes, irrigation canals, 

and pipelines, as well as on-farm technologies such as dugouts and centre-pivot irrigation 

systems have been important to storage and distribution of water from the mountains to 

the farms to meet water needs and support the economy of the region (Alberta 

Agriculture and Rural Development, 2004). Climate variability has been one of the 

leading forces for the development of technological systems.  To address and cope with 

water flow variability, especially for dry conditions, these water technologies have been 

constructed and improved in Southern Alberta to increase water use efficiency (Byrne et 

al., 2006). Improvements in technologies could make a great impact in managing water 

and reduce vulnerability in agricultural communities. According to (Alberta Irrigation 

Project Association, n.d.), using the 2005 base-year running-average diversion of 441 

mm per unit of land, a 1% efficiency gain in the irrigation sector represents savings of 23 

million of cubic metres. This efficacy gain is the results of the ability of the ability of the 
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irrigation sector to manage variations on reservoir capacity, balancing ponds, and canal 

and control infrastructure. 

 

Technological systems in the study area can be divided in three components: the 

headworks, which include major infrastructures and owned and operated by Alberta 

Environment. The Irrigation Districts do not control the headworks but they work closely 

with Alberta Environment to ensure water is available for producers (Alberta Irrigation 

Project Association, n.d.) . Irrigation district works7 for water distribution are earth 

canals, lined canals, and buried canals. The last component is on-farm technologies, 

which are irrigation systems and storage facilities such as dugouts (Alberta Agriculture, 

Food and Rural Development, 2004). 

 

In Alberta, the irrigation sector is the one who uses and manages the irrigation works. 

The irrigation sector is comprised of irrigation districts, including irrigators (producers) 

and private irrigators, who are an individual farmer or a farm company that has obtained 

a water licence from Alberta Environment to withdraw water from a water body for the 

primary use of irrigating crops. Under the name of their district, private irrigators take 

water from the river systems and from some ponds. They obtained their licences knowing 

that the risk of water shortages is higher than those in a district, but their investment is 

lower. On the other hand, when producers join an irrigation district, they have to pay a 

significant fee to receive the right to an amount of water as determined each year by the 

irrigation district board. The annual amount of water depends on the water supplies 

according to the upcoming growing season, which is based on water volumes in 

reservoirs and in the snow pack. Water is then delivered through the irrigation district 

technological delivery systems (Alberta Irrigation Project Association, n.d.). 

 

                                                
7 According to the Irrigation Districts Act irrigation works are referred as “…any structure, device, 
contrivance or thing or any artificial body of water or watercourse used or to be use by a district and 
includes… (i) any dike, dam, weir, breakwater, drainage works, ditch, basin or reservoir, (ii) any canal, 
tunnel, bridge, culvert, embankment, headwork, aqueduct, pipe, pump or floodgate, (iii) any contrivance 
for measuring water, and (iv) any building or fence or other works in any way used in or in relation to the 
carrying out by a district of its obligations or responsibilities to supply water.” (Irrigation Districts Act, 
2000; p.9). 
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Even though this research project focuses on the technological development at the 

agricultural producer level, it is important to describe the regional technological 

development. This includes irrigation district works and challenges in the study area 

because the network of technology is intrinsically connected and its management is a 

collaborative effort between the provincial, local government, and individual agricultural 

producers. 

3.3.1! Regional Technology Development 

Technology development started to occur more intensively in the late 1800s after the 

completion of the transcontinental railroad in Southern Alberta in 1885 (Thiessen & 

Smith, 1982). Technology development was led by industries such as coal mining. Local 

business also wanted to diversify the local economy through the development of 

agriculture, which brought even more technological development (Gilpin & St. Mary’s 

Irrigation District, 2000).  

 

Prior to that, immigration was very slow due to harsh climate conditions characterized by 

lack of water, making agriculture a very risky industry for settlers. After settlement 

started, large technological developments started to take place (Thiessen & Smith, 1982). 

One of the first major technological developments was the St. Mary Project (SMP) in 

1890s, which was the beginning of irrigation systems and districts in Southern Alberta, as 

a way to manage water at a large scale for irrigation purposes. Today, the SMP includes 

four irrigation districts: The Magrath Irrigation District, The Raymond Irrigation District, 

the St. Mary Irrigation district, and the Taber Irrigation District (Alberta Agriculture, 

Food and Rural Development, 2004). Today, the irrigation districts have the role of 

conveying and delivering water for crops through the irrigation works of the district 

(Irrigation Districts Act, 2000). 

 

In early 1900s, the dominant force leading the development of technology was 

agricultural producer owned organizations such as the Lethbridge Northern Irrigation 

District, created in 1919 and the Taber Irrigation District created in 1915. The 

involvement of the federal government was more predominant with the creation of the 

Prairie Farm Rehabilitation Administration (PFRA) in 1935 in response to extreme 
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drought in the 1930’s and minimal adaptive capacity for farmers to combat soil loss and 

lack of access to water. The PFRA was very active first from 1948 to 1972 when eight 

large dams were built, including the Gardiner Dam in Saskatchewan and St. Mary Dam in 

Alberta, creating the first major on-stream irrigation storage reservoir. Since 1969, the 

Department of Agriculture, Food and Rural Development of the Government of Alberta, 

and the irrigation districts have been working together in cost shared programs to 

rehabilitate the irrigation technological system for delivery. To that end, a rehabilitation 

program was implemented through the 2000s to address the deteriorated conditions of 

irrigation works caused by inadequate or lack of maintenance (Ring, 2006). 

 

The Alberta-based irrigation rehabilitation program has supported the transformation of 

the irrigation district water supply and distribution network into one of the most efficient 

systems in North America. Of great importance has been the reduction of conveyance 

losses in the distribution system by converting open canals to pipelines (Alberta 

Agriculture and Rural Development, 2014). This has helped to reduce evaporation, in 

particular in very hot and dry seasons. It has also helped to reduce the amount of bypass 

water, which is the greatest inefficiency in water delivery systems of irrigation districts. 

The bypass water is water that runs through the irrigation system and back to the river. It 

is the result of an open channel system that attempts to deliver water on time and in the 

right amount to producers. Bypass water can also be generated when it rains enough and 

producers cancel the water order, having some of the water already flowing down a canal 

or lateral on its way to the farm and discharge to the river. Flood-irrigated fields also 

generate small amounts of return flow that, in some sub-regions, can impact producers. 

This makes the water move down slope over a cropped field. The excess water runs off 

and may enter a drainage ditch and return to the river as a portion of the return flow 

(Alberta Irrigation Project Association, n.d.)  

 

Today, 49% of the total irrigation distribution infrastructure is buried as a strategy to 

improve water efficiency (Alberta Agriculture and Rural Development, 2014). Other 

reasons why pipelines are used for water transportation include economic and 

environmental concerns such as low maintenance costs, least disturbance of land surface, 
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and elimination of weed problems associated with open canals (Thiessen & Smith, 1982). 

It is expected that all technically feasible open canals will be replaced with pipelines by 

2035 (Alberta Agriculture and Rural Development, 2014). 

 

The Alberta irrigation rehabilitation program has been of great importance not only to 

replace canals to pipelines, but also to reduce seepage by lining sections of large canals. 

Prior to 1970, there were not much comprehensive monitoring and research to quantify 

seepage losses from canals, which causes significant waterlogging and soil salinity 

problems down-slope from canals, as well as inefficient use of water (AMEC Earth & 

Environmental, 2009). The first attempts to deal with seepage involved lining canals with 

polyethylene membranes but there were large damages resulted from different issues, 

including the loss of cover due to erosion, livestock, external hydrostatic pressure, and 

mechanical equipment during installation and maintenance. Today, modern reinforced PE 

or a poly-vinyl chloride (PVC) liners are used along with gravel armour slope to control 

erosion (Ring, 2006). 

  

In an effort to reduce vulnerability of technological systems, in the past, technical 

solutions have been implemented without much success at the irrigation district works. 

For example, un-reinforced concrete lining was proved to be ineffective as a lining 

technology for irrigation canals for the period between 1970 and 1988. Extensive 

cracking occurred due to wet soil conditions in the fall, followed by cold winter and frost 

action. In the late 80s, reinforced concrete lining was used and proved to be effective. 

However, recently, with the introduction of larger diameter pressure rated PVC pipe, 

concrete lining is not used anymore (Ring, 2006). The change of “structure” (as defined 

by Capra (1996) in the literature review) of this technological system (concrete lining) 

from standard concrete lining to reinforced concrete lining was necessary to cope with 

technological vulnerabilities. The change of “pattern” (also as defined by Capra (1996)) 

from reinforced concrete to PVC pipes also  improves the distribution of water. 

 

Figure 4 shows technological implementation of different technological systems for the 

period between 1969 and 2004. The graphic depicts how buried pipelines have become 
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the preferred rehabilitation technological system with more than 80% of the annual 

rehabilitation in Alberta, while concrete lining has decreased over the years due to the 

introduction of PVC pipes, defined as a new technological system. These decisions have 

been made primarily by the provincial government with input and expertise provided by 

producers and engineers.  

 

The role of the private industry in water distribution has been important to develop more 

suitable and more efficient ways to deliver water for irrigation. As climate is becoming 

more variable and water less available, more strategies to improve water delivery systems 

are being explored. The exclusive use of PVC in pipelines has strengthened the 

connection between manufacturers and irrigation districts and agricultural producers. For 

example, in order to convert larger canals and canals with flatter grades into pipes, 

irrigation districts have asked PVC manufacturers to make larger PVC pipes. As a result, 

the industry began making 750 mm pipe in 1987, 900 mm pipe in 1989, 1,100 mm pipe 

in 1998, and 1,200 mm pipe in 1999 (Ring, 2006). 
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Source: Ring, 2006 

Figure 4 Technological implementation of different methods for water distribution in Alberta 
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The connection with the private industry is reciprocal. Technological system demands 

have created a new market for manufacturers, having the incentive to satisfy irrigations 

districts with new and innovative solutions to deliver water. Another example is the large 

diameter pressure pipe, which was developed to serve the irrigation market in Alberta. 

For every $1 spent purchasing a pipe, the gross domestic product in Alberta increases by 

82 cents. Likewise, for every $100 spent on PVC pipe, it is estimated that direct and 

indirect personal taxes to the province increase $5 and those paid to the federal 

government increased 9% (Ring, 2006). 

3.3.2! On-farm Technological Systems 

In on-farm water distribution, technology has been changing and developing over the 

years as a strategy to use water more efficiently. In the context of climate change with 

projected low water supplies, improving water use efficiency is likely becoming the only 

method to increase irrigation area (Sauchyn & Kulshreshtha, 2010). Through the years, it 

has been evident that there has been a transition from labour demanded technologies to 

more mechanized and automated technologies with improved water efficiency use (Ring, 

2006). For example, centre pivots irrigation technologies require less labour to operate 

and it can also be used to target specific amounts of irrigation to a field (Alberta 

Agriculture and Rural Development, 2014). This type of technological systems allows 

considerable water and energy-saving opportunities. It also allows water management 

flexibility to achieve optimum crop production (Alberta Agriculture and Rural 

Development, 2004). Currently, the most common irrigation systems in South 

Saskatchewan River Basin are the low-pressure, drop-tube pivot system (Alberta 

Agriculture and Rural Development, 2014).  

 

In a period between 1965 and 2000, many changes and adaptations to new technologies 

have been implemented in Southern Alberta. The conversion from surface irrigation, 

which was very predominant in 1965, to low pressure drop tube pivot irrigation systems, 

which started to become more prevalent in late 1990s, has improved on-farm water use 

efficiency. Figure 5 shows in a timeline from 1965 to 2012 and the transition between 

these two irrigation systems along with two other techniques still being used by 

agricultural producers. This transition is also related to the increase in irrigated area in 
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thousands of hectares. For example, the irrigated land with low pressure drop-tube started 

early 1990s and in 2012, it has taken 65.8% of the total irrigated land. 

 

The growth in irrigation has been occurring accompanied with the transition to more 

efficient lower energy low-pressure centre pivot sprinkler systems energy. This happens 

because agricultural producers are constantly looking for ways to meet crop moisture 

requirements in order to optimize production (Alberta Agriculture, Food and Rural 

Development, 2004). Newer technologies on-farms are allowing agricultural producers to 

irrigate crops when needed, and applying water closer to the optimum requirements in 

their crops, and therefore, being more efficient in the use of water and in productivity 

(Alberta Agriculture, Food and Rural Development, 2004).  

 

 
Source: Alberta Agriculture and Rural Development, 2014 

Figure 5 Technology irrigation systems within the SSRB (1956-2012) 
 

Newer technologies along with irrigation management allow maximizing this process of 

transition of irrigation technology by controlling the rate, amount, and timing of applied 

irrigation water in a planned and efficient manner. The understanding of climatic 

conditions that affect crop water use such as rainfall, temperature, humidity, and net 

radiation is a crucial factor to implement successful irrigation management. For example, 

in potato crops, to promote strong growth, the goal is to ensure that water is available 
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during tuber initiation and in early tuber development by applying light, frequent 

irrigations if there is no rainfall. This strategy allows modern sprinkler irrigation systems 

to match crop demand during the peak water use period (Alberta Agriculture and Rural 

Development, 2011).  

 

Table 3 shows the irrigation water use efficiency changes between the years 1965 and 

2000, in two of the irrigation districts in Southern Alberta with a constant improvement 

in technological efficiencies. The government of Alberta is targeting to improve the 

efficiency of irrigations district to at least 85% by the year 2025 as a result of improved 

on-farm irrigation technologies and continual replacement of less efficient irrigation 

systems with low-pressure, drop-tube pivot systems (Alberta Agriculture and Rural 

Development, 2014).  

 
Table 3 Historical on-farm applications efficiency 

Irrigation District On-Farm Applications Efficiency 
1965 1980 1995 2000 

St. Mary River 35% 64% 71% 75% 
Taber 38% 65% 69% 74% 

Source: Adapted from Alberta Agriculture, Food and Rural Development, 2004 

The improvement in water usage has allowed agricultural producers not only to save 

water and practice more efficient irrigation, but also to develop a more water efficient 

productivity crop production (Alberta Agriculture, Food and Rural Development, 2004). 

The increment on productivity has also been the result of research related to irrigation 

management, agronomy, and plant breeding programs (Alberta Agriculture and Rural 

Development, 2014). For example, from the period between 1980 and 2012, the irrigation 

productivity index in the irrigation district in Alberta has increased from 4 kilograms of 

dry matter per cubic metre of water (kg/m3) to about 11 kg/m3 (Alberta Agriculture and 

Rural Development, 2014). Figure 6 shows productivity in relation of commodity yield in 

kilograms to volume of irrigation water in cubic metres for irrigation districts in Alberta 

for the period between 1980 and 2009.   

 

In Figure 6, the extension of the irrigation area in the Southern Alberta has increased and 



 

 
 

49 

the allocated water per-unit area of irrigation has declined during the last 30 years. This 

indicates an increase in productivity per unit of water and improved efficiency per acre. 

As the efficiencies in the irrigation district and in on-farm increases, less water is needed 

to divert to irrigate a portion of land to produce an economic yield. This does not happen 

in very dry years but it is an encouragement for producers to use improved technology to 

keep maintaining water efficiency and productivity. As stated above, the improvement of 

technology has been occurring by using pipelines in place of leaky canals and small 

canals, and by using low-pressure pivot irrigation, replacing less efficient on-farm water 

irrigation systems. The use of improve technology is also leading to the reduction of the 

percentage of systems to fix (Alberta Irrigation Project Association, n.d.). 

 

 
Source: Alberta Agriculture and Rural Development, 2010 

Figure 6 Irrigation district water use productivity (1980 - 2009)8 
 

Even though technological development has been successful to cope with climate 

variations, there is still room to improve water delivery efficiency through technology 

                                                
8 Commodity yield per unit area divided by the volume of irrigation water diverted per unit area provides a measure of 
productive output per unit of irrigation water used. The historical yields of sugar beets, potatoes, and soft white spring 
wheat are tallied and then divided by the respective annual gross water diversion to the 13 irrigation districts to derive 
the productivity (Alberta Agriculture and Rural Development, 2010). 
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and technological practices. The importance of new technologies to deliver water in the 

Prairies is recognized by Sauchyn and Kulshreshtha (2008) as a mean to increase current 

efficiencies for water use in farms. A study conducted by Ali and Klein (2014) in the 

irrigation districts in Southern Alberta also indicates that irrigation districts are still far 

from reaching the maximum potential. Irrigation districts are on average 84.3% 

technically efficient in their amount of net water diverted. Even though, irrigation 

districts have improved irrigation technologies by implementing low-pressure sprinklers, 

there is still a declining trend in technical efficiency over the last 5 years. At best, 

irrigation districts should be able to save 15.7% of water under unchanged conditions 

using technical efficient practices (Ali & Klein, 2014). 

 

In addition, in the 21st Century report by the Irrigation Water Management Study 

Committee (2002a) also found that the overall irrigation efficiencies could improve from 

the current 54% to 64% for the Oldman River Basin with continued improvement in the 

on-farm systems, district infrastructure, and water management efficiencies. It also 

concluded that up to a 10% expansion in the irrigated area beyond 1991 Regulation9 

could be considered in the Oldman Basin with efficiency improvements, reduced return 

flows, and higher crop water applications. Other conclusions relevant for this research 

project of the same report also included that financial modelling indicates that irrigated 

farms financial performance can be improved, even with irrigation expansion and more 

frequent and higher water supply deficits. To validate this improvement, prerequisites 

need to be established such as on-farm and district water use efficiency improvements, 

reduced return flows, higher crop water applications, and crop mixes that include at least 

one high value crop that is not otherwise easily or successfully grown and harvested 

without well-timed application of irrigation water (Irrigation Water Management Study 

Committee, 2002a) 

 

                                                
9 In 1991, the government of Alberta established guidelines incorporated in the SSRB under the Water Act for 
irrigation expansion that limits the amount of water that can be allocated to the irrigation sector in the SSRB. The 1991 
regulation was based on meeting 100% of crop water requirements (Irrigation Water Management Study Committee, 
2002a)  
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An additional example of improvements that contribute to increased efficiencies of 

existing technological systems are the current centre pivot irrigation system (Figure 7), 

which includes the addition of a corner arm system. It consists of a pipeline connected to 

the end and supported by a steerable tower. The corner arms swings outward into the 

corners and allows irrigation of most of the area in the corners (Alberta Agriculture and 

Rural Development, 2013a). This is an adaptation to the technology which allows 

rotating arms to independently and more completely irrigate rectangular or odd-shaped 

fields. This technological adaptation can increase the irrigated area under a centre pivot 

irrigation systems by up to 15% (Alberta Agriculture and Rural Development, 2004).   

Figure 7 shows a picture of a side-wheel irrigation system, an older on-farm irrigation 

technology and Figure 8 shows a new version of an irrigation system, which is a typical 

sprinkler system with its components.  

 

 
Source: Alberta Irrigation Project Association, n.d. 

Figure 7 Side-wheel irrigation system 
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Source: Alberta Agriculture and Rural Development, 2004 

Figure 8 Typical sprinkler irrigation system 
 
 
On-farm water storage is an important component to cope with climate variability and 

extreme events. In areas where there is no groundwater available or poor quality water 

sources, taking surface runoff often is considered the only mean to ensure a continuous 

water supply. Dugouts are earthen excavations designed to collect this runoff and store it 

for use during drier times. Specific designs allow capturing the temporary surface of 

water that occurs during snowmelt in the spring, as well as from summer rains. Designing 

an adequate storage capacity of a dugout is important to guarantee reliability of supply 

during insufficient runoff, summer losses due to evaporation, and winter losses due to ice 

formation. The most important considerations in designing the storage capacity of a 

dugout are the potential runoff that will be captured, evaporations loss, and the shape and 

dimensions. Because evaporation loss and uncertainty caused by annual variations in 

precipitations dugouts are considered to be a necessity for agricultural producers (Alberta 

Agriculture and Food, 2007). 

 

The shape of a dugout is important for water quality and quantity. Over the years, the 

shape has changed to improve water efficiency. Historically, most dugouts have been 

about 3.7 metres deep. Since the 1930s, the PFRA and other government agencies have 
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been improving the basic design of the dugout. New dugouts designs have been as larger 

structures, being excavated to depths of 4.6, 5.5, and 6.4 metres, and even deeper. A 

deeper dugout is more efficient because it has less surface area for the same capacity, and 

as a consequence less losses of water due to evaporation. Contrary to deep dugouts, 

shallow dugouts warm more quickly in the summer and cool more rapidly in winter. 

Deeper dugouts and those incorporating aeration systems are also good for water 

quality10 (Alberta Agriculture and Food, 2007). Over the years, the structure (as defined 

by Capra (1996)) of the dugout has been changing in holding capacity to improve water 

efficiency. Currently, the provincial government has specific requirements to design new 

dugouts and to improve existing structures of the dugouts to cope with dry conditions and 

other issues such as seepage (Alberta Agriculture and Rural Development, 2013b). The 

trend in the development of dugouts is to make them deeper to cope with dry conditions 

to improve water storage efficiency.  

 

Figure 9 shows the size of a dugout in relation to available water. In the graphic, the 

supply of available water is reduced by farm use, lack of runoff, evaporation, and ice 

formation in winter11. The graphic also shows the bottom of the dugout as a poor quality, 

referred to as dead storage as sediment in the bottom contributes to lowering the quality 

of water. Thus, as the water volume in the water decreases, so does the water quality 

(Figure 9). Over the lifespan of a dugout, the data indicate that high water quality can be 

maintained in the top and middle layers for at least five years.  However, over time both 

the storage capacity and water quality deteriorates for dugouts that are in operation for 20  

or more years (Alberta Agriculture and Food, 2007).  

 

                                                
10 Because of dugouts fill with sediments and nutrients from the runoff, warm water in shallow dugouts 
promotes the growth of algae in summer. This leads to an ongoing deterioration in dugout water quality 
(Alberta Agriculture and Food, 2007). 
11  Ice formation occurs during winter when dugouts freeze and some of the stored water becomes 
unavailable for use. The ice can reach up to 0.6 - 0.9 metres in thickness, which may represent up to 20 to 
40 % of total volume (Alberta Agriculture and Food, 2007). 
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Source: Alberta Agriculture and Food, 2007 

Figure 9 Dugout size versus available water 
 

Despite the improvement in the designs of dugouts, deep dugouts face concerns such as 

high water tables, seepage losses, and increased safety hazards. In addition, low levels of 

water in dugouts can occur due to several reasons, including severe dry climate 

conditions. However, good management of the dugout can overcome this challenge 

before considering changing the structure of the dugout. For example, snow can be 

trapped to increase the capture of runoff during spring and water can also be pumped 

from another source to have enough water supplies in the dugout (Alberta Agriculture 

and Food, 2007). 

3.3.3! Summary 

This chapter section describes examples of major technological developments in the 

study area, including past and existing technological challenges, and technological 

improvements. Part of this technological development has been possible due to the 

collaborative efforts between the federal government (PFRA), provincial government 

(Alberta Department of Agriculture, Food and Rural Development), and irrigation 

districts (e.g. St. Mary’s Irrigation District). The goal of this collaboration has been to 

constantly adapt and reduce vulnerability to extreme climate conditions through the 

improvement of technology. Likewise, agricultural producers have also been actively 

improving on-farm technologies for water storage and distribution to make them less 

vulnerable and more adaptable to lack and excess of water.    

 

In addition, the role of the private sector has also been of great importance in technology 

development because different businesses are constantly exploring efficient ways to store 
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and deliver water. For example, manufacturers of PVC pipelines have been improving the 

design of the PVC over the last three decades to avoid evaporation and to improve water 

efficiency in the water delivery system. The connection between the PVC industry and 

the irrigation districts, as well as agricultural producers has been strengthened through 

exchange of information and knowledge. 

 

Table 4 shows a summary of the technologies covered in this chapter. The table includes 

major challenges of the technology, the improvement made, and the outcome 

accomplished.  

 
Table 4. Summary of technologies: challenges, improvements, and outcomes 

Technology Characteristics Challenges Improvements Outcomes 

Irrigation 
canals 

Open canals  Evaporation, 
seepage, filtration. 
Lack of 
maintenance (early 
days of 
implementation) 

Lining canals (concrete and 
membrane lining), but 
replaced later with 
underground pipes 
Open canals buried 
underground with pipes 
made of PVC 
Implementation of 
automatic water control 
devices 
 

Reduction of 
conveyance 
losses 
Reduction of 
evaporation. 
Reduction of 
seepage 
Improvement of 
water efficiency 
and management 

On –farm 
irrigation 
systems 

From less inefficient 
to more efficient water 
system: 
1.!Surface irrigation 

system 
2.!Side-roll sprinkler 

system 
3.!High-pressure 

centre pivot 
sprinkler system 

4.!Low-pressure drop-
tube pivot sprinkler 
systems 

 

Inefficient  
use of water 

Switching from less 
inefficient to more efficient 
water system 
Improving sprinkler 
systems from high to low 
pressure systems 
Addition of corner arms to 
centre pivot irrigation 
systems 

Increment of 
water efficiency 
at the producer 
levels and 
regionally (in 
2012, 54.8% of 
the irrigated land 
was being 
irrigated with 
the most water 
efficient 
available 
system) 
Increment of 
productivity 
crop production 
in relation to 
water use  
Increment of 
irrigated area 

Dugouts Earthen excavation 
designed to collect 
water 

Losses of water due 
to evaporation 
Little holding 
capacity 
Dead storage 
leading to low water 
quality 

Improved design, including 
increment of depth and 
area (total volume) 

Reduction of 
evaporation 
Increase of 
holding capacity 
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Even though technology development has been important to cope with different climatic 

conditions, there is still room to improve technology and technological practices. For 

example, irrigation districts are still far from reaching their maximum potential in terms 

of water efficiency. The examples in this section showed which actions have been taken 

to improve technology to adapt to climate conditions. The examples also showed 

decisions on technologies that did not work and had to be adjusted through other 

technological options. 

3.4! Agricultural Producers and Technology 

Since late 1800s, the development of agricultural technology has not only been essential 

for development of the study area, but also as a means to reduce vulnerability to extreme 

climate impacts. Further, such technology development and implementation increases 

adaptive capacity in social systems and individually for agricultural producers. Local and 

individual initiatives have been present since the early 1900s with the creation of the 

irrigation districts, which have contributed to the constant development of technology. 

The reason for adoption of technology by agricultural producers has been influenced by 

different factors over the last hundred years. Access of information on technology and 

technological methods has been of great importance for adoption, as well as economic 

resources, and social, human, and institutional capital. In the following section, studies 

identify how technology and factors of adoption have or have not contributed to the 

increased adaptive capacity of agricultural producers’ ability to cope with climate 

extreme events.  

 

In a study conducted by Bjornlund et al. (2009) in two irrigation districts in Southwest 

Alberta, on adoption of improved irrigation technology and management practices, it was 

found that the majority of agricultural producers interviewed responded that the most 

important reason to adopt improvements in current irrigation technologies was to 

improve crop yield or quality. Irrigating more land with the same water during water 

restrictions was also rated as a very important reason. The study also suggests that half of 

the land in the irrigations districts of Taber and Raymond will be changing hand due to 
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retirement of current generations and farms will be integrated into more progressive 

farms where more improvement in technology may be achieved. Finally, the study 

suggests that education and information campaigns are required, and that more research 

on how to promote the adoption of technologies and management practices among 

existing groups of farmers, is needed (Bjornlund et al., 2009). 

 

A similar study by Nicol et al. (2008) involving producers in irrigation districts in the 

same region shows that the rate of adoption of new technological systems by agricultural 

producers is likely to slow further because many irrigators have already spent a 

significant amount of economic capital to convert to low pressure systems for irrigation, 

while financial constraints continue to be present  as a one of the biggest limitations for 

the remaining producers. To promote more investment in on-farm more efficient 

technologies, agricultural producers would require an important amount of subsidies, 

commodity price increases, or secure markets for speciality crops from processing 

companies. In addition, policy makers should provide incentives to encourage 

agricultural producers to adopt more efficient technological methods such as irrigation 

scheduling to cope with climate variability and extreme climate events like droughts 

(Wang et al., 2015).  

 

The study by Nicol et al. (2008) also revealed that saving water is not a major driving 

factor for agricultural producers. According to the study, this could reflect the absence of 

irrigation pricing, as producers have to pay a flat fee per assessed acre for administration 

and rehabilitation. It also shows that through the years producers have had adequate 

water. The study also concluded that availability of water and physical field conditions 

and economic capital for energy and labour costs are major constraints to adopt new 

technologies. A similar study by Nicol et al. (2010) also in Southern Alberta  revealed 

that private irrigators that even though there are concern about water availability and 

water quality, have shown similar reasons for not adopting improved technologies and 

technological methods.  
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Most of the agricultural producers in irrigation districts who have not improved to more 

efficiency irrigation systems are unlikely never to do it, as 48% of the respondents of the 

study do not have expectations of family continuity on their farms. Producers prefer to 

avoid additional financial debts as they are close to retirement. These farms are likely to 

form part of larger farm properties with greater economic capitals, and the adoption of 

improved technologies will be feasible for such investments (Nicol et al., 2008). 

Moreover, irrigators in Southern Alberta are older than 55 years of age and they have 

been in farming for at least 25 years with high expectations that the farm traditions will 

stay at the family. There is also a low adoption rate of improved technologies for water 

use. In recent years, the slow adoption may have been because of the significant 

increased of energy prices (Nicol et al., 2010). As discussed by Palmer (2003), the 

average age in the Prairies for agricultural producers is mid-fifties and with aging comes 

the natural tendency to continue familiar activities and to change as little as possible. As 

many agricultural producers near retirement age, they do not wish to be pioneers in 

technological development.   

 

Sauchyn and Kulshreshtha (2010) reported for  the same area that the development of 

technological solutions such as irrigation technologies can be very costly, restraining the 

ability of agricultural producers to adapt to climate changes. In addition, according to 

Palmer (2003), one of the reasons why agricultural producers in the Prairies are reluctant 

to adopt new technologies is related to the substantial amount of capital investment. 

There is already a significant amount of investment in farm equipment and it would be 

unreasonable for producers not to use that technology for at least ten years. To use new 

technologies or to make an improvement in an existing system may have to wait for the 

next opportune time to be purchased after the existing technology nears the end of its life 

cycle. 

  

The management of technological systems on-farm is as important as the technology 

itself. Irrigation scheduling has been of great importance in Southern Alberta to cope with 

climate extreme events, in particular droughts. Agricultural producers have to make 

decisions on the type of technological methods to apply and how to actually make it 
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beneficial and avoid maladaptations. For example, the study of Wang et al. (2015) on the 

adoption of improved irrigation scheduling methods in Alberta found that one of the most 

important influences on adoption of technological methods is the source where the 

agricultural producer have access to information. The statistical results of the study show 

that if a farmer obtains information from a fellow producer or producer organizations, the 

probability of adoption increased by 23% and the intensity of the adoption increased by 

20%. This study also shows that the social capital in the Southern Alberta is strong and of 

great importance in making decisions in relation to technological methods. This 

reinforced the idea that agricultural producers strongly rely on the relationship between 

individuals and farmers groups, as an essential component of social capital (Adger, 

2003).  

 

The study of Hall (2003) found that when adopting new methods and new on-farm 

practices, agricultural producers preferred to gather information through text, orally, or 

by observing the new method or technology working on other farms. This study states the 

importance of social capital as working in networks for knowledge sharing in rural 

farming communities and also in the adoption of new technologies because it allows the 

members of the community to learn from different type of sources, including developing 

technical solutions for farm technology. 

 

The study of Wang et al. (2015) also shows that the legal status of the organization of the 

farms influences the decision on whether or not to adapt technological methods. 

According to the study, agricultural producers who operate their farm as a corporation 

were 37% more likely to adopt than sole proprietors.  If agricultural  producers conduct 

on-farm operations before taking over management responsibilities, the probabilities of 

adoption increased by 20%. However, if the senior generation of farmers remain involved 

in the operation of the farm, the adoption decreased by 16%, indicating a resistance to 

change or accept risk for those nearing retirement. It is very likely that if the father or 

father in-law continue to reside on the farm, they may still have influence over younger 

operators and over decisions in the farm, since older producers are less likely to adopt 

new and innovative solutions, while younger producers are more likely to adopt new 
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technological methods.  

 

The importance of human capital is also an important factor in making decision. The 

study of Wang et al. (2015) also revealed that producers with a bachelor’s degree or 

higher education were 19% more likely to adopt new technological methods. The study 

of Nicol et al. (2010) on adoption of technologies by private irrigators also shows that 

educational level of agricultural producers affects investment decisions. According to 

their study, producers with less than a grade 12 education indicated that they would be 

less likely to invest in new water saving technologies than would a producer that has 

completed high school, attended college or obtained a university degree. 

 

Education and being familiar with latest technological improvements to manage water are 

also a significant component to increase human capital to adopt and manage better 

technology, and technological methods. Using computers and phones to turn water on 

and off, as well as monitor the position of pivot irrigation systems and the use of Internet, 

smartphones, apps, and other emerging electronic resources to schedule irrigation are 

new enhancements in the agricultural industry. These technologies have the potential to 

cope in a better capacity with climate variability and extreme climate conditions (Nicol et 

al., 2008). However, the reluctance and fear to use computerized systems could represent 

an issue in adopting new technological systems (Palmer, 2003). Education in this regard 

is necessary to increase overcome that fear of an unknown technological system. This 

increases adaptive capacity, as the agriculture industry is moving into more technological 

development with automated enhanced systems to manage water storage and distribution. 

 

In addition, provincial and local government agencies in the study area play an important 

role in technology by establishing and providing water regulations, incentives, research, 

and education to agricultural producers to promote the use of improved technologies in 

the use of water.  Climate changes are limiting the amount of water available as well as 

challenging technological farm practices. In this perspective, there is a recognized 

necessity to develop proper irrigation policies (Sauchyn & Kulshreshtha, 2010). 
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The development of the programs such as the Growing Forward 2 is an example how the 

government takes an important role in on-farm technology for water storage and 

distribution. The Growing Forward 2 program is a federal-provincial-territorial 

partnership dedicated to develop innovation in the agriculture sector through research, 

competitiveness, and market development. This government incentive is divided in 

different programs such as the on-farm water management program that supports 

agricultural producers with funding to improve existing technologies and to develop new 

ones through funding incentives. Some of the incentives include the construction of new 

dugouts and rehabilitation of existing ones to ensure minimal impacts to the environment 

with specific technical standards for depth, slope, and volume (Alberta Agriculture and 

Rural Development, 2013b).  

 

Studies on technology and technological methods adoption have shown the importance of 

the policy makers and governments to use incentives to encourage the use of improved 

technologies for water storage and distributions. For example, it is recognized by the 

study of Wang et al. (2015) that there is still room to improve the management of 

technologies through irrigation scheduling methods. The authors point out that policy 

makers should introduce policies and incentives that promote the adoption of new 

technological methods. This could include the facilitating information to support 

producers in the decision making process through the formation of producer peer groups 

that constantly discuss advantages and disadvantages of their farming practices. In 

addition, the study of Nicol et al. (2010) also recognizes the importance of government 

incentives to stimulate investments in new irrigation technologies that improve water 

efficiency, provided that the incentives are significant enough to cover at least half of the 

cost of replacing or improving current system.  

3.4.1! Summary 

This section has described the role of the agricultural producer with technology, both 

individually and within a community. Previous studies have shown that there are 

different reasons for making decisions on adopting new technologies and technological 

methods. These reasons include increasing crop production, financial constraints and 
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avoiding financial debts, increasing water efficiency, increasing energy prices, and high 

capital investments.  

 

In addition, it has been pointed out that adoption of technological methods is also 

influenced by sources where the agricultural producer has access to information. In this 

regard, social capital plays a major role when adopting new technologies and 

technological methods since an agriculture producer may be more inclined to rely on and 

acquire information from other agricultural producers. For example, statistical results 

have shown that the probability of adoption increased by 23% if the producer obtain the 

information on technology from a fellow producer or producer organizations.  

 

Likewise, human capital is of significant for input to decision making about technological 

solutions or options. Where agricultural producers have earned a university credential 

(bachelor degree or higher), adoption of new technologies and technological methods was 

19% higher than in other populations (Wang et al., 2015). Thus, research shows that the 

level of education plays an important role in how and which decisions are made about 

technology are made.  

 

Finally, the role of government has also had an influence when agricultural producers 

make decisions on technology. Government agencies provide regulations, incentives, 

research, and education to agricultural producers to promote the use of improved 

technologies for water. These government actions are evident through programs such as 

the Growing Forward 2, where the government commits to innovate the agriculture sector 

through different initiatives such as the development of improved dugouts.  

3.5! Study Area and Similar Challenges 

The purpose of this section is to describe the similar challenges and efforts that are 

happening in the thesis study area, so that the data collected in the three jurisdictions can 

be cohesive. The climate context of the Oldman River Watershed where this research 

took place was described earlier in the chapter. The three jurisdictions have been dealing 

with the same climate conditions such as lack and excess of water.  Irrigation districts 
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have been working on similar specific efforts related to technology to cope with climate 

related-events. There are three irrigation districts within the study area, including the St. 

Mary’s Irrigation District, Taber Irrigation District, and the Northern Lethbridge 

Irrigation District. This section also includes a brief description of three jurisdictions: 

MD of Taber, the County Lethbridge, and the MD of Pincher Creek.  

 

Municipalities  

The following section describes the three municipalities where this research took place. 

Municipalities play an important role in the supporting and promoting good agricultural 

practices in their jurisdiction. According to the Municipal Government Act (2000 ; p.35), 

one of the purposes of municipalities is “…(a) to provide services, facilities, or other 

things that, in the opinion of council, are necessary or desirable for all or a part of the 

municipality.”. Municipalities have developed municipal plans that address this purpose 

with specificity on current and future issues, including population growth, land use, 

transportation, agriculture, and municipal service and facilities. Their plans also promote 

collaboration with other municipalities and organizations such as irrigation districts to 

maximize resources and improve efficiency in different processes involving decision-

making. Following, there is a brief description of the municipal plan of each municipality 

in relation to planning for water and agriculture. 

 

The Municipal District of Taber 

The MD of Taber has an abundance of agricultural land, which is mostly supplemented 

by technological irrigation systems and complemented by a climate that provides the 

necessary heat for many speciality crops. In 2004, the MD of Taber developed a 

Municipal Development Plan (Oldman River Regional Services Commission, 2004) to 

establish as one of its goals the support agriculture and the encouragement of a wider-

based agricultural industry. The MD also encourages municipalities working together to 

promote efficiency and coordination in decision-making, especially with irrigation 

districts. Likewise, the MD of Taber encourages the modernization of technological 

irrigation systems and the increase of irrigation acreage.  
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In 2010, the MD of Taber developed a Sustainability Plan (MD of Taber, 2010) to set up 

accountability, economic, environmental, infrastructure, and community goals to ensure 

sustainability for future communities. Even though, the environmental goals of the Plan 

do not explicitly mention water strategies, the Plan has established municipal 

infrastructure goals to ensure viable and sustainable growth in the MD. The Plan has also 

developed goals to preserve agriculture land to ensure long-term agricultural and 

environmental sustainability.  

 

The County of Lethbridge 

The extensive irrigation in Lethbridge allows agriculture to prosper and promote crop 

diversification. In 2009, the County developed The Integrated Community Sustainability 

Plan (County of Lethbridge, 2009), which emphasizes the need to keep developing the 

local economy by encouraging the introduction of a variety of alternative crops in order 

to stabilize the cyclical nature of crop prices. The Integrated Community Sustainability 

Plan also emphasises in its vision the sustainable agricultural practices to ensure water 

quality and modernization of irrigation systems. It is encouraged that the ongoing 

modernization of irrigation systems and also limiting the impacts of developments on 

irrigation systems be implemented. In the Plan, the County also encourages community 

knowledge of equipment to assist landowners on soil conservation practices (County of 

Lethbridge, 2009).  

 

In 2010, the County developed a Municipal Development Plan (County of Lethbridge, 

2010), which has as one of its objectives to preserve agricultural land base and enhance 

agriculture and related industries. As of 2006, agriculture contributed 34.2% of the 

County’s industrial tax base. The County’s objective is to ensure the viability of the 

agriculture sector and at the same time pursue the diversification of agricultural 

opportunities. The Plan includes policies in relation to crop diversification and the 

encouragement of the ongoing modernization of the irrigation systems. The Plan also 

encourages the County to support the continued expansion and improvement of the 

irrigation districts by meeting each of them on a regular basis to coordinate major 

projects, including issues related to drainage, setbacks, and seepage. 
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In addition, the Plan (County of Lethbridge, 2010) points out that the County has 

allocated a significant amount of financial resources to the water distribution 

infrastructure for drinking water, which is based on a five water line extensions that 

transport water throughout the County. Storm water management is also considered to 

mitigate the impacts of excess of rain that could cause flooding. The County encourages, 

through established policies, working with irrigation districts, landowners, and businesses 

to mitigate excessive storm water.   

 

The Municipal District of Pincher Creek 

In the MD of Pincher Creek, different water users, including residential, commercial, and 

recreational, use water resources. In 2002, the MD developed a Municipal Development 

Plan (Oldman River Regional Services Commission, 2002) to address several local and 

regional issues, including water management. The Plan has, as one of its objectives, to 

maintain the quality of water in the watersheds, recognizing the interconnectedness of 

water users. It also has the objective of promoting cooperation with the Provincial 

government in managing water resources. As being one of the main industries in the area, 

the MD also acknowledges the need to protect agriculture industry by having an adequate 

land use plan, respecting the non-agricultural users.   

 

One of the largest reservoir is located in the MD, The Oldman River Reservoir is an on-

stream reservoir storage facility used to stabilize water levels for many users in Southern 

Alberta. Dam operators gauge the snowpack in the mountains to predict snowmelts at the 

end of May of each year to determine the water levels of the reservoir for the year. The 

maximum capacity of the reservoir is reached around July 1st and releases water from 

May 1st to mid October for irrigation. During the winter, due to lower irrigation demands, 

operations attempt to keep levels 4.6 metres below full supply level (Oldman River 

Regional Services Commission, 2007).  

 

In 2007, The Oldman River Regional Services Commission (2007) developed a detailed 

plan for the Oldman River Reservoir, which is a review of the first structure plan 
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developed in 1992 when the Oldman River Dam began to create a reservoir in the MD of 

Pincher Creek. To address current and future population growth, a new area structure 

plan is needed. Required reviews included operational features of the reservoir, changes 

in developing goals on the MD, and identification of environmentally sensitive areas in 

relation to the new developments in the area, and the diversity of the water users.  

 

Irrigation Districts  

There are three irrigation districts12 crossing the study area of this research, including the 

Lethbridge Northern Irrigation District, Taber Irrigation District, and the St. Mary River 

Irrigation District. A large network of technological systems, including earth canals, lined 

canals, and buried canals has been developed by each of the irrigation districts to ensure 

water is delivered effectively to each water user. This section describes similar challenges 

and initiatives led by the three irrigation districts in regards technology for water storage 

and distribution.  

 

An important organization for irrigation districts and for water users in general is the 

Alberta Irrigation Project Association (AIPA). AIPA is an umbrella organization 

dedicated to work with irrigation districts to provide them with updated information on 

innovative water management to improve on-farm practices and infrastructure 

management. AIPA is also very active with technology development and management 

practices by conducting research to develop adapting technologies that improve water use 

in irrigation districts. These improvements include automated controls, new water control 

devices, and enhanced monitoring equipment to ensure water is used effectively (Alberta 

Irrigation Project Association, 2013). 

 

                                                
12 According to the Irrigation Districts Act (2000), an irrigation district is referred as “The geographical 
area consisting of the parcels of land included in an existing district…” (p.8). The Irrigation Districts Act 
(2000; p.13) also states that irrigation districts have the role “to convey and deliver water through the 
irrigation works of the district…to divert and use quantities of water in accordance with the terms and 
conditions of its licence under the Water Act, to construct, operate and maintain the irrigation works of the 
district, and to maintain and promote the economic viability of the district.”.   
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Irrigation Districts 

7. Lethbridge Northern 

8. Taber 

9. St. Mary River 

Source: Adapted from: Agriculture and Rural Development Irrigation and Farm Water Division Basin Water Management Branch, 2015) 

Figure 10 Irrigation Districts in the Study Area. 
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Lethbridge Northern Irrigation District (LNID) 

The LNID covers 174,655 irrigation acres of land on the north side of the Oldman River. 

The construction of the water distribution systems and the Keho Lake reservoir were 

completed in 1923. However, the diversion works were destroyed the same year due to 

unexpected flood and it has to be rebuilt. In 1930, the Park Lake Reservoir was added to 

the system for additional storage. In 2010, the water users approved an expansion plan to 

227,000 (Lethbridge Northern Irrigation District (LNID), 2011). 

 

The technological systems in the LNID include canals, ditches, and pipelines. Despite its 

effectiveness in delivering water to producers, these technological systems face a 

technological vulnerability, which is that they have been constructed for irrigation but not 

for drainage purposes, causing several flooding events when there is an excess of water in 

the system (LNID, 2015). Each year, early rain in the season affects most of the farming 

and irrigation. The irrigation system reaches a saturation point where runoff began and 

drainage becomes an issue for water users, increasing vulnerability by causing damages 

to fields, roadways, drains, and irrigations canals (LNID, 2011). 

 

The LNID advises agricultural producers on drainage when intercepting drainage with 

canals or ditches. According to the LNID, it is not an obligation of the district to continue 

accommodating drainage when the LNID rehabilitates infrastructure. It is the 

responsibility of the district to backfill the ditch or canal and return it to the natural lay of 

the land unless another party takes responsibility. In order to reduce vulnerability caused 

by excess of water in the system, the LNID ensures that there is a good communication 

and working relationship with agricultural producers to assist each other when there is 

excess of water.  

 

According to the district, it is also imperative that all landowners control the runoff from 

their land and prevent it from entering the LNID water delivery system and restrict the 

type of runoff that enters the system (LNID, 2015). In addition, the LNID is constantly 

working to reduce the impact of climate extreme events and to keep maintained irrigation 

works, as well as to provide to its water users with the most efficient water delivery 
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system at the lowest possible cost and at the same time ensuring stewardship for the 

environment and natural resources (LNID, 2011).  

 

The LNID also works constantly on technology developments to reduce evaporation and 

other issues concerning open water canals by replacing them with buried pipelines 

(LNID, 2015). According to the LNDI, this contributes greatly with water conservation 

strategies and it is also complementary with the initiatives of water efficiency use of 

producers with their conversion of irrigation systems to low pressure drop-tube pivot 

system. The district is also constantly encouraging agricultural producers to increase 

adaptive capacity by promoting the use of low pressure drop-tube pivot systems to 

conserve water and use water more efficiently. By providing support and knowledge on 

more efficient irrigation systems to producers, the district has played an important role to 

increase the efficiency and reliability of the irrigation systems and consequently the 

adaptive capacity of producers (LNID, 2015).  

 

An example on how the district addressed a technical vulnerability was when the LNID 

identified an issue with the ongoing conversion from open channel supply laterals to 

closed pipelines. According to the district, the number of channels to safely carry spill 

water from the area and down the river is decreasing, causing water overtopping the 

banks of the smaller lower reaches of the remaining canals if sprinkler irrigation systems 

suddenly shut down due to electrical storms or other reasons. The LDNI has reported a 

vulnerability to this possibility in one of a new large lateral pipeline. To address this 

vulnerability, the District is proposing a pipeline from the vulnerable lateral to the river 

instead of flowing overland further down (LNID, 2015). This change demonstrates a 

proactive approach to reducing future negative consequences, but is reactive to a series of 

past challenges to prevent damage due to inadequate water management.  

 

Taber Irrigation District (TID) 

The TID covers approximately 82,562 acres of irrigated land (Alberta Agriculture, Food 

and Rural Development, 2004). As the other irrigation districts in the region, the TID also 

faces drainage and flooding issues. The district is working collaborative with other 
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jurisdictions such as the MD of Taber to address these issues. The MD is working on a 

storm water master plan for the southern part of the MD, including the TID to address 

flood and drainage. Currently, existing infrastructure of the TID is being used to facilitate 

drainage and mitigate the impacts of flooding. Maintenance is also a very essential 

component of infrastructure to have it ready when flooding occurs. The TID spend 

considerable amount of money and time every year to ensure technology does not fail 

(Taber Irrigation District (TID), 2015). 

 

The TID has also worked with the MD of Taber on a Regional and South Municipal 

Storm Water Management Plans. This included a proactive culvert replacement 

agreement to reduce the risk of failures. The TID has included runoff mitigation in the 

planning of infrastructure rehabilitation projects. In recent years, the TID has been 

focusing on implementing long-term solutions, including redesigning, maintaining, and 

replacing infrastructure in planning for extreme droughts and floods (TID, 2015). Other 

technological projects important to management water levels include automated overshot 

control gates, which allows to keep adequate levels of water and accommodate sudden 

surge flows as a result of shut-downs or power outages (TID, 2013).  

 

The TID is highly committed to reduce vulnerability of its members by providing water 

through collaborative planning, regular upgrading, maintenance, and cost-effective 

operations as well as promote sustainable management practices (TID, n.d.). Working 

together with producers is also part of the strategy of the district to reduce vulnerability. 

Some strategies include more directly involvement of the produces to prevent flooding 

and damage downstream. For example, the district requires that irrigation pumps and 

sprinkler equipment have to be restarted as soon as possible after a power outage or other 

interruption to prevent flooding and damage downstream. In addition, it is clear that 

producers in the TID have a strong responsibility to keep water under certain levels of 

consumption and use it efficiently. According to the TID, the irrigation system of the 

district has a specific rate for water use (8 U.S/gpm/acre) and it is responsibility of the 

landowner to design the irrigation systems to be used according to this rate (TID, 2015). 
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To improve further adaptive capacity the district developed a Strategic Plan for the years 

2014-2035 (TID, 2014), which has established eleven goals. These goals are long-term 

activities addressing priorities in the district. In the strategic plan, goal number three aims 

to achieve the most effective and efficient water supply system and distribution system 

possible. Specific objectives to reach this goal include the understanding the potential for 

conveyance infrastructure and water management for the district, convert all technically 

and economically feasible conveyance system to buried pipelines, and to rehabilitate and 

retrofit all permanent canal systems with gates, controls, communications and automation 

systems to optimal benefits. Other projects in the TID includes addressing seepage as part 

of the Years 2013 to 2017 Subsequent Seepage Control. For example, according to the 

96th Annual Report of the Taber Irrigation District (TID, 2015), there are approximately 

10 to 12 acres of land affected by seepage. It has been proposed that a seepage control 

method of installation of a buried PVC pipeline include the removal of the plastic and 

concrete lining and deepening the canal portion of the project.  

 

The district also has a priority plan, which is reviewed and updated annually. The priority 

list is based on supplying cleaner water, reducing seepage, improving operations, water 

conservation and efficiency improvements. In terms of long-term plans, the TID is well 

aware of the need to upgrade current irrigation conveyance systems to maximize the 

benefits of water users. This strategy meets provincial plans of Strategy Targets of 

Irrigation Distribution System Conversion and Water Conservation to satisfy agricultural 

needs. In relation to technology, the district acknowledges the need to measure current 

information of existing systems, determine model and cost estimated for converting open 

channels to pipelines, integrate effectively, and economically with current pipelines, 

reservoir expansion and management opportunities, and district-wide integration of 

information technology (TID, 2013). 

 

St. Mary River Irrigation District (SMRID) 

The SMRID is the largest irrigation district in Canada. It is comprised of a large 

extension of canals and pipelines to deliver water to approximately 150,500 hectares of 

land South of the Oldman and South Saskatchewan Rivers between Lethbridge and 
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Medicine Hat, Alberta. The SMRID provides water for irrigation and domestic drinking 

water to different water users, including farms, towns, and villages (St. Mary River 

Irrigation District (SMRID), 2012).  

  

As the other irrigation districts in the study area, the SMRID is facing technological 

vulnerabilities with the irrigation network of canals. The district recognizes that flooding 

is an existing issue despite efforts to accommodate drainage. The current delivery system 

has been designed for delivering water and not for drainage, causing flooding when there 

is excess of precipitation (SMRID, 2012). In 2014, the SMRID experienced a wet spring, 

which resulted in drainage issues throughout the district (SMRID, 2015).When flooding 

occurs, too much water enters the canals and downstream erosion and damage could 

occur. To solve this and avoid further issues, the district requests producers to manage the 

excess of water without compromising other producers downstream, irrigation works, or 

surrounding areas. For example, the District requires permits from agricultural producers, 

if they need to pump excess of water into the canals to make sure there is enough 

capacity to hold the excess of water. If water is allowed to enter the canal too quickly it 

may create a bigger issue downstream (SMRID, 2012). 

 

The district ensures the sustainability of the technological systems within the district by 

emphasizing the development and maintenance of an efficient and cost effective water 

delivery system for producers (SMRID, 2012). To accomplish this goal, each year the 

district works in partnership with the government of Alberta on an irrigation 

rehabilitation financial agreement in a cost-shared basis, with the government paying 

75% of the cost and the district paying 25%. The major works include canal 

rehabilitation, which involves lining with impermeable material section large canals that 

seep.  Putting large canals into pipelines would be impractical because of the large size 

and the high costs involved (Alberta Irrigation Project Association, n.d.; SMRID, 2012). 

Other rehabilitation works to improve water efficiency under the same agreement include 

burying pipelines, algae control in the structures, upgrade of pumping station, and 

engineering studies conducted to dams (SMRID, 2012). 
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3.6! Conclusion 

This chapter highlighted important factors leading technology development, at the 

regional and at the on-farm level, in the context of climate extreme events. This has been 

important for this research because the historical process of how technology has evolved 

and continues to do so as an approach to coping with fluctuations of water levels. 

Consistently, a continual improvement related to technologies for water storage and 

distribution for more efficient on managing water has been occurring. The context of 

climate extreme events has greatly challenged this process of development and become 

an important factor. Changes in different areas, including the climate context have 

challenged technologies that were implemented decades before, creating new 

technological issues. This chapter has shown how one technology can be successfully 

used for adaptation in the past, but unsuccessfully in the present due to change in climate 

condition and also due to increment of water demands. 

 

The process of technology development has shown that knowledge on technology is an 

important component to increase the level of understanding of available technologies and 

technological methods. In this perspective, social capital plays a relevant role by 

promoting knowledge on new and different technologies used in a community. Likewise, 

human capital has also provided an important contribution to technology development. 

There are indications that the higher the formal education, the higher the chances are for 

adopting newer technologies at the agricultural producer level. This chapter also 

emphasized the importance of other determinants of adaptive capacity (economic and 

institutional) when making decision regarding technologies. Even though the center of 

this thesis is the relation between technology capital and social and human capital, other 

capitals are also mentioned in this chapter due to their importance in adaptation.   

 

Finally, this chapter has also provided indications that the three jurisdiction in the study 

area are subjected to similar climate conditions, as well as they share some of the same 

technological challenges when dealing with drought and flooding. One of this indications 

is that irrigation district are working together along with municipal districts from other 
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jurisdictions within the Oldman River Watershed to cope with periods of excess and lack 

of water.  
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4! Methodological Framework and Methodological Design 

4.1!  Methodological Framework 

This research project is structured around the concept of social vulnerability in the 

context of climate change and climate extreme events. The concept of social vulnerability 

has extensively been defined in different ways and different perspectives, leading into the 

development of different conceptual vulnerability frameworks (Birkmann, 2006). As 

defined earlier in Chapter Two: Literature Review, in the context of social systems, 

vulnerability is the combination of the concepts of sensitivity, exposure, resilience, and 

adaptive capacity (Adger, 2003; Smit & Wandel, 2006). In a social system such as in an 

agricultural rural community the potential impact of climate depends on the combination 

of exposure and sensitivity, as well as on the level of resilience of the community (Food 

and Agriculture Organization of the United Nations (FAO), 2013). Chapter Two has 

described the essential capitals that determine the adaptive capacity to reduce 

vulnerability of social systems. For example, the vulnerability methodological framework 

proposed by the Department of International Development (1999) defines five major 

capitals as: human, natural, financial, social, and physical capital.   

 

Technology, as the other determinants of adaptive capacity has the potential to increase 

the ability of a system to help it to adjust to climate variability and extreme events 

(Burton et al., 2002). Chapter Two describes the importance of these determinants and 

the access and development (e.g. improvement in water efficiency) to increase adaptive 

capacity and reduce vulnerability, in particular during excess and lack of water. Chapter 

Two also highlights the connection between technology and other determinants of 

adaptive capacity such as economic and institutional capitals. Of great importance for this 

thesis is the connection between technology and social and human capital. In addition, 

Chapter Three: Study Area has found that within the three jurisdictions where this 

research took place, technology has played an important role to reduce vulnerability by 

providing more secure and efficient access to technological resources, and by reducing 

the risks of agricultural producers. Chapter Three also shows the importance of the other 

determinants of adaptive capacity, including social and human capital. These capitals 



 

 
 

76 

provide the necessary knowledge at the individual and community level to make 

decisions over technology and technological methods during the occurrence of climate 

extreme events, as well as a means to cope with these types of climate events.  

 

Therefore, this thesis uses, as a starting point, a vulnerability methodological framework 

which integrates different capitals as described in the models by the Department of 

International Development (1999) and also by Smit and Pilifosova (2001; 2003). The 

vulnerability methodological framework used by the Vulnerability and Adaptation to 

Climate Extreme in the Americas (VACEA) integrates the characteristics of social 

vulnerability and the determinants of adaptive capacity. The methodological framework 

of VACEA project from Diaz and Hurlbert13 and it was modified from Wandel et al. (in 

press; p.29) in their paper called Drought and Vulnerability: A Conceptual Approach. 

The VACEA framework used this methodological framework to evaluate social 

vulnerability in the Swift Current and the Oldman River Basin, where this research took 

place.   

 

The framework of Wandel et al. (in press) defines vulnerability as a function of two 

dimensions. The first is exposure to climate hazards and their impacts such as droughts 

and storms, and their attributes such as intensity, duration and coverage. The second is 

the social conditions that determine sensitivity and adaptive capacity. Sensitivity is the 

degree to which a system is affected by climate-related stimuli and the ability of the 

system to absorb climate impact without suffering a major change (Adger, 2003; IPCC, 

2001). Adaptive capacity is the ability of a system to adjust to climate risks and 

opportunities by increasing coping range (Burton et al., 2002). Both sensitivity and 

adaptive capacity are defined by access and control of resources or capitals. Therefore, 

social systems with limited amounts of resources are more vulnerable and consequently, 

more conditioned to be impacted by hazards such as climate extreme events. Figure 11 

shows the vulnerability framework of Wandel et al. (in press). 

 

                                                
13 The methodological framework was prepared by Dr Polo Diaz and Dr Margot Hurlbert. 
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Source: (Wandel et al., in press) 

Figure 11 Vulnerability framework 
 

After defining the start point for the methodological framework, it is important to 

acknowledge the special consideration of technology capital for this thesis and its 

interaction with social and human capitals. To emphasise this methodological framework 

was defined as shown in Figure 12. This framework includes the actions that could lead 

to adaptation, which increases adaptive capacity, or the actions or inactions that could 

lead to maladaptations, which increases vulnerability. This applies for each of the capitals 

but in particular for this thesis to technology. As defined by Martin (1996), technology 

vulnerability is referred to as the chances of technology failure due to outside events. In 

this case, this is represented by climate exposures. In addition, failure means that a 

climate event leads to disruption of the usual purposes of the technological system, and 

consequently, the intended purpose of the technology is not met (Martin, 1996). This is 

more the traditional engineering perspective of vulnerability, which is focused in the 

physical aspects of technological failure (United Nations Development Program, 2004). 
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In addition, this thesis also includes the social and human capital which also plays an 

important role as previously described.  

 

 
Figure 12. Methodological framework 

 

Finally, the methodological framework for this thesis acknowledged the three main 

characteristics of vulnerability defined by Vogel and O’Brian (2004), where vulnerability 

is:  

1.! Multi-dimensional and differential because vulnerability varies vary across a 

physical space among and within social groups. 

2.! Scale dependent in regards to time, space, and units of analysis such as individual, 

household, region, or system. 

3.! Dynamic, meaning that the characteristics and driving forces of vulnerabilities 

can change over time.  

These three characteristics are represented in the methodological framework in Figure 12 

by the arrows going in both directions in the vulnerability box, as well as in the boxes for 

adaptation and maladaptation. The arrows also show that connection that exists among 

the capitals as described in Chapter Two.  
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In conclusion, this thesis has looked into technological vulnerability and adaptation to 

climate exposures from two main perspectives: 

1.! From technological perspective as changes in physical structure of the technology 

or installation of technologies where there was no technology before. 

2.! From the social capital and human capital perspectives through networks of 

knowledge and education and skills, respectively. 

4.2! Methods  

The methodological design of this thesis is based on qualitative research, which 

acknowledges that the technological determinant of social systems has different 

connections with other determinants of adaptive capacity and need to be understood in a 

larger vulnerability framework such as the framework of Wandel et al. (in press).  In this 

thesis, the concept of vulnerability and the role of technological, social, and human 

capitals are the core of the methodological framework in the context of climate 

exposures. The description of the methods that lead to the results and findings of this 

thesis follows. The methods follow the core framework outlined in the methodological 

framework of this thesis (Figure 12).  

4.2.1! Data Collection Methods 

Collecting secondary data 

An important component of this research is the use of secondary data to contextualize and 

frame the information collected in the interviews. The collection of baseline data was 

gathered from available regional and local secondary data sources, such as reports, 

publications, and media information, to obtain information about the type of technology 

used in the past and currently being used by agricultural producers in the study area for 

water storage and water distribution. This information also included historic data on the 

improvement of water efficiencies in terms of technology improvements and enhanced 

technological management. The secondary data collection also included the historical 

context on technology development, as well as demographic data and description of the 

geographic and historical particularities of technology development in the context of 

climate change and climate extreme events.  
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Additional data from the study region was also compiled and assessed for completeness 

relative to the research questions. These included data about technology and the 

involvement of the local and provincial institutions and their role in supporting improved 

technologies, management, and practices. The data collection on institutions also 

included past and current municipal plans, irrigation district development plans, and 

annual reports, which addressed the development of technology at the regional level such 

as reservoirs and irrigation channels, but in particular at the on-farm level such as 

dugouts, irrigation systems, and other technological systems available for water storage 

and distribution. Finally, the secondary data collection also included the connection that 

exists between the agricultural producers and technology through community and 

individual knowledge. It was found in past research that agricultural producers and local 

institutions make decisions on the adoption, improvements, and changes of technologies 

for water storage and distribution.  

 

Interviews 

Research was conducted through semi-structured qualitative interviews. In a semi-

structure interview, the research questions may follow a standard question as a 

conversation with an additional one or two tailored questions for further clarification and 

carefully guided by the researcher (Leedy & Ormrod, 2005). To identify major factors 

affecting technology development, two sets of semi-structure interviews were conducted, 

including agricultural producers and local institutions, including representatives of local 

governments and irrigation districts. 

 

The interview process was part of the larger research project VACEA, which had the 

objective to improve the understanding of the vulnerability of rural agricultural 

communities when shifts in climate variability occur and also the frequency and intensity 

of extreme climate events (Vulnerability and Adaptation to Climate Extremes in the 

Americas (VACEA), 2012). The interviewing process of the VACEA project had two 

objectives. First, it had the goal to develop a systematic understanding of the present and 

past vulnerabilities of rural actors to climate extreme events, which was called 
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Community Vulnerability Assessment (CVA), and second, to explore existing networks 

of institutions, organizations, and entities involved in managing the resources of water 

and responding to climate variability, hazards, and extreme events. This objective was 

called the Governance Assessment (VACEA, 2012). A copy of each of the field guides 

used for the CVA and Governance Assessment is attached to Appendix C. It is important 

to note that during interviews, in particular during the open-ended questions that were 

asked , I added further questions specifically in the area of adaptive practices involving 

technology, and technological methods during the occurrence of climate extreme events. 

These questions are highlighted in bold in each of the field guides. 

 

The VACEA interview process, as well as the identification of preliminary contacts, and 

follow-ups with the respondents when needed was conducted by a group of research 

students including the author (for a list of the students refer to the footnote14). The group 

of students were part of the VACEA research team and worked as research assistants. 

During the interview process, the role of the students was rotated according to the 

students’ availability. The following paragraphs describe the work done by the group of 

students. However, I personally collected all of the secondary data on technology.  

 

Before the interview process started the Oldman Watershed Council, one of the project 

partners, was contacted for a preliminary meeting. This meeting was to identify key rural 

actors who would be available to serve as participants for CVA and government 

interviews. This included potential agricultural producers who were potentially 

vulnerable to climate extreme events and also working with innovative agricultural 

practices. It also included local institution representatives within the three jurisdictions of 

the study area who could be contacted and interviewed such as reeves, council members, 

and irrigation district managers.  

 

Once initial contacts for CVA were identified, information on the type of technology and 

water resources was collected for the study area (secondary data), as well as basic 

                                                
14 The student research of the project included Amber Fletcher, Erin Knuttila, Jessica Vanstone, and Bruno Hernani 
Merino.  
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information on agricultural producers’ livelihoods such as productive activities. This 

allowed for development of familiarity and comfort between researcher and participants, 

and to establish a solid initial contact with the respondents. Likewise, after local 

institution representatives were identified by the group of students, information was 

collected on municipal and irrigation plans, and initiatives that were currently developed 

in relation to technology and management practices for water (secondary data). The CVA 

interviews were originally set up as individual interviews, usually with the male 

agricultural producers, not intentionally, but the male producers were the main contact.  

 

At the moment of setting the interviews by phone either the husband was the one who 

answered the phone or handed the phone call by the wife or children, after explaining the 

nature of the interview and research project that was been conducted in the study area. 

There was an indication that there was a specific role within the family in relation to 

gender. However, during the interviews, the wife and other relatives present in the house 

would join the interview, adding additional information to the answers. In any case, the 

interview was considered as a single interview as the family unit was determined to be 

generally consistent as a single entity regarding water management decisions and 

approaches.  

 

For the government interviews, there were cases when there were two representatives of 

the same organization (i.e., in the St. Mary’s Irrigation District and the MD of Taber 

interviews). These interviews were also considered as one interview since representatives 

were from the same department inside the organization and both answered questions 

simultaneously. For both the CVA and government interviews, the sampling method of 

the respondents was using a snowball approach by asking them to suggest other potential 

respondents who would be willing to be part of the research. This process was usually 

completed at the end of the interviews. This method has several benefits, but can also 

reduce the diversity of demographics of respondents or potentially attract multiple like-

minded participants in the research. Thus, having created and pursued several sources of 

initial participants was vital to ensuring that many perspectives and age groups were 

included across the primary data collection activities. 
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At the end of the CVA interviews, the respondent was asked to fill a demographic sheet 

with additional information (eleven questions). The information asked to the respondents 

was about year of birth, highest education completed, years of farming, size of operation 

in acres, average income, percentage off-farm income, and overall condition of farm 

equipment and buildings. Other questions were added in regards to health services and 

food sources for the other components of the VACEA project. A copy of the 

demographic sheet can be found in Appendix A. This information was necessary to use in 

the analysis between technology, and social and human capitals included in the following 

chapter.  

 

Finally, after the demographic sheet was completed, and depending on available 

interview time of the respondent and provided that there was no other interview 

scheduled right after, I was given a short tour of the field for a description of the existing 

crops in the field and the type of technology the agricultural producer was using, 

including a description of technical components for the irrigation systems, dugouts, and 

canals. This observation process helped to gain further insights about how the agricultural 

producer was using and managing technology, as well as how the producer was coping 

with technological and social vulnerabilities and how adaptive practices were being 

implemented in the actual field. 

 

Even though there were over 100 interviews for the VACEA project, the interviews 

chosen for this thesis are only the ones where the question involving technology for water 

storage and distribution were asked. The respondents were identified according to their 

level of involvement with technology including storage and distribution for both 

agricultural producers and local institutional representatives. The total number of 

interviews presented in Table 5. Fifteen (15) CVA interviews, 6 in the MD of Taber and 

the County of Lethbridge and 9 in the MD of Pincher Creek, in addition 18 governance 

interviews, 9 in Taber (MD of Taber and County of Lethbridge) and 9 in Pincher Creek 

were conducted. The interviews in the Taber area were conducted in July of 2012, and 

the interviews in Pincher Creek were conducted during the last week of May and the first 
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week of June of 2012. In Appendix B, there is one copy of the approval from the Ethic 

Review Board for the CVA interviews and another copy for the governance interview of 

the VACEA project. This thesis only considered the interviews conducted in the VACEA 

project. There are no further interviews in this thesis.  

 

Table 5. Number of interviews conducted 
Community CVA Institutional 
Taber/Lethbridge 06 09 
Pincher Creek 09 09 
Total 15 18 

 

All the interviews were digitally recorded and transcribed into computer files. The files 

were labelled as CVA followed by a number (CVA - #) and divided according to the 

community. The government interviews were labelled as GOV also followed by a 

number (GOV- #) and categorized by organization.  

4.2.2! Data Analysis Methods 

Coding 

The analysis of the information collected started with the organization of the data in 

Microsoft Excel sheets as part of the data analysis described in the following chapter. The 

demographic information for each of the CVA respondents was arranged according to 

each of the communities of the study area for analysis and comparison. To become fully 

familiar and further engaged with the data, after the interview process, I read each of the 

interviews and made notes on specific issues related to technology such as efficiency and 

technological vulnerability, and adaptation. This process was also important to determine 

preliminary codes for the CVA and governance interviews. For example, a preliminary 

code was called technology development, and at the end of the coding process, the 

preliminary code was divided into two codes called changing in structure and new 

patterns. The same process was used for information regarding social and human capital.  

 

After the reading was complete, the next step was to start the coding process, which 

included generating categories, subcategories, and codes. Codes were based on the 

literature review, background information, and the vulnerability methodological 
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framework. The process of coding data is described as “…the formal representation of 

analytic thinking” (Marshall & Rossman, 2006; p.160). Coding is part of the integrative 

interpretation of the data to develop a systematic understanding of the categories and 

subcategories previously defined.  

 

Before starting the actual coding, I defined two main categories according to the type of 

respondent, the CVA category, which included agricultural producers, and the 

institutional category, including local institutional representatives. The coding was 

conducted in two stages or two cycles of coding. First, I used a method called provisional 

coding, which established predetermined codes generated from the data collection and the 

vulnerability methodological framework (Saldaña, 2009). The codes were organized by 

subcategories, which were divided in: technology, agriculture, water, conservation, 

knowledge (social and human capital), institutions, and climate. There were also 

subcategories, which were also divided in specific codes. 

 

It is important to note that Saldaña (2009) suggests to be careful with provisional coding 

as preconceptions of what to expect in the field may distort the objective and 

interpretations of what is really happening. By using this method, there is the risk of 

trying to fit qualitative data into a set of codes that may not apply. That is why the 

preliminary predetermined list of codes was constantly revised as the data was being 

coded. Some of the codes were modified and expanded and other ones were deleted. The 

second cycle of coding was based on finding out patterns in some of the codes from the 

first cycle. According to Saldaña (2009) this coding process is to identify emergent 

themes, configuration, or explanations. At the end of both code cycles there were a total 

of 48 codes. A list of the codes can be found in Appendix D. 

 

After labelling the interviews by community and by organization in the case of 

institutions interviews as well as after defining the categories and subcategories, all the 

interview files were uploaded in the qualitative data analysis software NVivo 09 for 

coding. The subcategories identified for the CVA and governance were adjusted as the 

coding process was conducted. This allowed identification and further categorization of 
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further findings not previously considered. Though the study area took place in 3 

jurisdictions in the Oldman River Watershed, the data collected was analyzed together 

because as described in Chapter Three, in the section of Study Area and Similar 

Challenges, the three jurisdictions faced similar climate exposures and have similar 

technological challenges during the excess and lack of water.  

 

Ranking of Impacts on Technology   

After the coding was completed, the analysis of the results was categorized in subtitles 

according to similarities in the responses based on the extent of the impact when 

technology fails.  The extensions of these subtitles (impacts) were divided into four 

values from least impact (1) to most impact (4). These values were used to quantify the 

severity of the impact in order to identify which technology has the greater impact on 

agricultural producers. The impact refers to the damage due to flood and drought 

affecting large populations of agricultural producers and their activities, crops, 

technology, farm equipment, and buildings. It also includes the impacts on one or more 

jurisdictions and the impact on municipal infrastructure such as roads. Table 6 shows the 

values assigned to each of the impacts from extreme impacts (4) including flooding and 

drought affecting large areas of agricultural land, off- and on-farm technologies, 

equipment, buildings, and roads, to minor impacts (1) resulting from flood and drought 

affecting agricultural producers. For example, if a pivot irrigation system is not able to 

move due to wet and muddy conditions, the impact of this is valued 1 (minor impact) 

since it only affects an individual producer. On the other hand, if a large irrigation canal 

fails to hold water during excess of precipitation, this affects a large number of producer 

and also agricultural land, other type of technology or infrastructure. 
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Table 6. Value of the extent of technological failure caused by either flooding or drought 
Impact Value 
Extreme flooding/drought, affecting large extensions of agricultural 
land, off and on-farm technology, equipment, building, and roads. 
Also affecting at large several municipalities.  

 
4 

Large flooding/drought, affecting individual and/or reduced number 
of agricultural producer, mostly crop failure and washing out crops. 
Also affecting at large one municipality.  

 
3 

Medium impact. Medium size flooding/drought, affecting individual 
and/or reduce number of producers. 

 
2 

Minor impact. Flooding/shortage of water, affecting individual 
producers. Producers able to solve the impact by its own means. 

 
1 

 

Note these values were assigned based on the extent of the impacts in the study area and 

not by the type of impact flooding and drought that occurred. This table was used to 

identify the most important adaptation actions for a specific technological failure.  

 

In addition, the actions or inaction leading to technological failures and social 

vulnerability are analysed within the concept of maladaptation. In particular, referring to 

two of the five dimensions as defined by Barnett and O’Neill (2010), including 

disproportionally burden the most vulnerable and path dependency, as these two 

dimensions included spatial and time considerations are included in the concept of social 

vulnerability. The other three dimensions: the increase emissions of greenhouses, having 

a high opportunity cost, and reduce incentives to adapt are not covered in this research 

since greenhouse and economic considerations are beyond of the scope.   
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5! Results and Discussions 

The following chapter presents the results and discussion of this thesis in relation to 

technological vulnerability and technological, social and human capitals. First, there is 

the description of the type of respondents divided by two main categories: (1) agricultural 

producers, which includes demographic information such as age, years of farming, 

education, income, and farm condition, and (2) representatives from institutional 

organizations, including the type of the organization they were representing. Second, this 

chapter presents technological vulnerabilities caused by climate exposures, which were 

identified in specific factors such as design, capacity, and maintenance. In this section, it 

was assigned values to the extent of impacts to agricultural producers when technology 

has been vulnerable. The last section of this chapter presents factors leading 

technological adaption. This includes the type of changes from two perspectives: (1) from 

decisions on technology actions, and (2) from the social and human capital views.  

5.1! Respondents: Agricultural Producers and Institutional Respondents 

5.1.1! Demographics Agricultural Producers 

In total, 15 agricultural producers were interviewed in the study area within the Oldman 

River Watershed. The agricultural producers interviewed in the area of Taber (n=6) (MD 

of Taber and the County of Lethbridge) were irrigators and from mixed-farms whose 

operations are strongly connected to irrigation systems. This area is characterized by the 

predominance of technologies for water distribution such as interconnected systems of 

water canals mostly for irrigation and also on-farm irrigation systems. The interviews 

conducted in the area of the County of Pincher Creek (n=9) were to agricultural 

producers dedicated mostly to ranching. This area is located in the west part of the study 

area where ranching activities are more predominant. Water storage and management are 

most important for producers in this area, and to a lesser degree water distribution.  

 

As shown in Table 7, most of the respondents were between the age range between 50 

and 70 years old. There was only one respondent under 40 (39 years old), and the oldest 

was 82 years old. The age average of the total number of respondents was 62.8 years, 
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which is higher than the average age of 54.00 of a farmer in Canada according to 

Statistics Canada (2012).  

 

Table 7 Range of age of agricultural producers 

Age Range Respondents 
31 to 40 1 
41 to 50 0 
51 to 60 6 
61 to 70 6 
71 + 2 
Total responses 15 

 

Likewise, the number of years of farming was more distributed between 31 to 40 and 41 

(n = 6) to 50 years (n = 6), as shown in Table 8. The average number of years of farming 

among the respondents was 39 years, with a minimum of 17 and maximum of 70 years. 

The distribution of age and years of farming provides a relevant number of experiences in 

dealing with extreme climate conditions, which is important in identifying factors and 

changes in technology development, evolutions, and its management.  

 

Table 8 Range of years farming 

Number of Years Farming Respondents 
11 to 20 2 
21 to 30 1 
31 to 40 5 
41 to 50 5 
51 to 60 0 
61 to 70 2 
Total responses 15 

 

Table 9 shows that majority of the respondents (n = 8) have high school diplomas as the 

highest education level, and courses in community colleges class, trades, or university as 

the second highest amount of participants (n = 4). Most of the respondents were 

identified as full time agricultural producers (n=14), including 8 producing livestock, 3 

participants were from mixed–farms, and 3 were mainly irrigators. The last respondent 

(n=1) was identified as a part-time agricultural producer. 
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Table 9 Highest level of education of respondents 
Level of Education Respondents 
High school diploma 8 
Course(s) (such as a community college class, trades, or university) 4 
Technical school diploma 0 
Bachelor degree 3 
Graduate university degree 0 
Total responses 15 

 

The combined impacts or influences of age (plus years of farming) and education on how 

responsive and the level of adaptive capacity reported provide meaningful information 

for policy makers, as well as decision-makers who lead change in technology and 

infrastructure selection, design, and implementation in response to drought and flood 

events. Analysis of these data in the context of technological adaptation is provided in 

section 5.4. 

 

Furthermore, the demographic data collected from the agricultural producers involved in 

the research revealed additional information in regard to size of operation and average 

income. This information was collected to complete further analysis for the VACEA 

project. These demographic data are presented in Tables 10 and 11 with further analysis 

required to consider the importance of economic capital in relation to technological 

adaptation, since such financial resources are important determinants of adaptive capacity 

of social systems. 

 

Table 10 provides evidence of the significant difference of the size of land owned by the 

respondents, ranging from <500 acres (n=2) to more than 5000 acres (n=4). The total 

number of respondents was 15. However, there was one respondent who did not provide 

this information.  
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 Table 10 Land owned (acres) of producers 

Land Owned (acres) Respondents 
<500 2 
501 – 1000 2 
1001 – 2000 3 
2001-3000 3 
3001 – 4000 0 
5000< 4 
Total responses 14* 

*The total number of respondents was 15; one respondent did not provide this information 
 

Based on the size of land owned, primary data were further analysed to identify potential 

trends or commonalities associated with vulnerability and technological adaptation 

capacity for responding to drought and flood. The intersections and analyses of these 

factors are discussed further in section 5.4. 

  

Table 11 shows the average income of the total number of respondents. There were two 

respondents who did not provide this information. As shown in the table, there is a 

diversity of average income among the respondents with the highest concentration of 

respondents in the range of $50,000 to $99,999 (n=5 of 13). 

 

Table 11 Average of income of producers 
Average Income Respondents 
Under $10,000 to $49,999 1 
$50,000 to $99,999 5 
$100,000 to $249,999 2 
$250,000 to $499,999 3 
$500,000 and over 2 
Total responses 13* 

*The total number of respondents was 15; two respondents did not provide this information 

 

From the average income range data presented in Table 11, further analysis of the 

intersection of financial resources and economic capital were completed to elucidate key 

factors associated (potentially correlated) with response and adaptive capacity to the 

incidence and intensity of drought and flood events. The outcomes of evaluating 

commonalities and differences in relation to average income with respect to capacity for 

technological adaptation are presented in section 5.4.  
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5.1.2! Respondents from Local Institutions  

A total of 18 interviews were conducted to local institutions representatives. All the 

institutions interviewed have a direct relation to the technology for water storage and 

distribution by managing and regulating water and technology, as well as technology 

education in connection to agricultural producers.  

 

There were 9 interviews with representatives for the community referred to as Taber. The 

organizations interviewed included 2 irrigation districts: Taber Irrigation District and St. 

Mary’s Irrigation District, as well as the Alberta Irrigation Project Association, which is 

an umbrella organization dedicated to working with irrigation districts to provide them 

with updated information on innovative water management to improve on-farm practices 

and infrastructure management (AIPA, 2013) . The Battersea Drain Watershed Group, 

which is part of the Watershed Stewardship Groups in the Oldman watershed, was also 

interviewed. This watershed group was established to address water quality as well as 

water flow concerns in the drain due to flooding (OWC, 2006). 

 

A government representative of the Town of Coaldale was also interviewed. The town is 

located in the County of Lethbridge at 12 km east of the City of Lethbridge (Oldman 

River Intermunicipal Service Agency, 2000) and it has a population of 7,526 residents 

(Town of Coaldale, 2013). The interview was included due to the connection and 

similarities of the town with the rural area of the region on storm water management and 

the impacts on technology. The respondent provided relevant information on the impacts 

of climate extremes to technology for water management and how the decisions are made 

to cope with extreme climate conditions. In addition, even though the town has moderate 

climate, it has also experienced the impact of climate extreme events where technology 

for storage and drainage has been affected (Oldman River Intermunicipal Service 

Agency, 2000). Representatives of the MD of Taber were also interviewed, which 

provided information on the impact and the adaptation on technology for distribution. As 

described in Chapter Three, the MD is characterized by large network of irrigation canals 

and irrigations systems.  
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Finally, for the community of Taber, 2 interviews were included of provincial 

government representatives working with Alberta Environment and Sustainable 

Resources as a regulatory agency for water. These 2 representatives work closely to 

agricultural producers and irrigation districts in relation to authorization for licensing 

water consumption under the Water Act and regulation to ensure that the operations 

comply with what is in the Irrigation District Act. These interviews provided information 

on the impacts on water management during excess of water and how water rights were 

managed during severe drought conditions. These impacts were at the regional level, but 

they had influence at the agricultural producer level in terms of water storage, 

distribution, and management.   

 

The community of Pincher Creek included 9 interviews. The institutions interviewed 

were the MD of Pincher Creek, the town of Pincher Creek, the Oldman Dam, as well as 

the Castle River Water Co-op. Even though Castle River is not within the jurisdictions of 

the study area it is one of the three rivers that form the Oldman River Headwaters 

(AMEC Earth & Environmental, 2009). The Castle River Co-op was included in the 

interviews because the availability of the representative during the interview stage of the 

research. The Castle River Co-op is located in the southwest of the MD of Pincher Creek, 

sharing the same climate issues, extreme events, and variability (AMEC Earth & 

Environmental, 2009; Government of Alberta, 1985).  

 

The interviews also included an interview to a representative from the emergency 

response for the MD of Pincher Creek and a representative from Alberta Health Services, 

working for the Pincher Creek region. These two last interviews provided information in 

regards to social vulnerability when technology for water storage and distribution fail, 

threatening the integrity of agricultural producers.  The emergency response for the MD 

of Pincher Creek called Emergency Management is an organization offering integrated 

fire, rescue, ambulance, and medical first response services, serving to the communities 

of Pincher Creek and the surrounding communities of Beaver Mines, and Lundbreck, also 

in the Oldman River basin (Pincher Creek Emergency Services, 2015). The local Alberta 

Health Services is dedicated to provide health systems and to address any concerns about 
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health within the Pincher Creek area (Alberta Health Services, 2015). As the frequency of 

climate extreme events increase, the vulnerability of agricultural producers also increases, 

affecting water quality and health in rural communities. 

5.2! Extreme Climate Events: Flood and Drought 

Based on the baseline data on climate, agricultural producers and representatives of local 

institutions were asked to identify which extreme climate events were causing the most 

stress and challenges in technological resources affecting their operations. The questions 

also referred to any impact on technologies for water storage and distribution and also 

impacts on practices in agriculture. The answers to the questions were not limited to 

events occurring within a particular time period. However, the drought of 2001 and the 

flooding of 2005 were the events most often mentioned by respondents as having the 

most significant impacts on technology. This is consistent with the extreme climate 

events recorded in the study area using SPEI index for the referred years (Wheaton et al., 

2015). However, as shown in Table 12, flooding was the most mentioned answer 

affecting technology for both producers and local institutional respondents with 114 

mentions versus only 66 for drought. It is important to mention that more than one event 

was mentioned by respondents. For example, one respondent mentioned more than once a 

flooding and drought event affecting technology and agricultural practices. This explains 

the total number of extreme events mentioned in Table 12 (n=180). 

 

Table 12 Enumeration of mentioned major climate events as identified by interviews 
respondents 

Extreme Events Producer Institutions Total 
Flooding 48 66 114 
Drought 34 32 66 
Total 82 98 180 

 

An additional set of information was prepared from the interviews to identify whether or 

not respondents had experienced and dealt with either or both flood and/or drought 

extreme climate events during their time as producers or, in the case of representatives of 

local institutions, during the period in which they currently or previously held their 

organizational position. As presented in Table 12, all the respondents have been exposed 
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to either flooding or drought. The majority of the respondents (n=21 from the total of 

n=33, including agricultural producers n=15 and institutional representatives n=18) have 

been exposed and had to deal with flood and drought at least once during their experience 

of living and working around water storage and distribution systems.  

 

Table 13 also shows that the number of respondents experiencing and dealing with 

flooding only (n=9) was greater than those experiencing only drought (n=2). The 

information presented once again excludes the two interviews conducted with private 

sector representatives as the information in those interviews were used to understand the 

role of private sector in the adaption and evolution of technology.  

 

Table 13 Self-identified flood and drought exposure by type of respondent  
Respondent Flooding  Drought Both Total 
Taber 
Producer 
Institutions 

 
1 
3 

 
0 
1 

 
5 
5 

 
6 
9 

Pincher Creek 
Producer 
Institutions 

 
1 
4 

 
1 
0 

 
7 
4 

 
9 
8 

Total 9 2 21 34 
 

The responses related to exposure to extreme climate events presented in Tables 12 and 

13 demonstrate that even though respondents have experienced flooding and drought, 

flooding is slightly more predominant among respondents.  

 

According to respondents, the excess of water has challenged technological resources and 

the management of technology and water. For example, at the producer level, when 

reservoirs and irrigation canals overflow, the excess water entering in the fields make the 

pivot irrigation systems lose mobility due to the muddy conditions and additional 

resources such as pumps, time, and money have to be allocated to resolve the issue. On 

the other hand, when there is a lack of water, the structure of the technology is not really 

affected, but rather the way the technology is managed by producers. Producers have to 

spend financial resources to increase the capacity of reservoirs or dugouts, pay for 

increased quantities of irrigation water, and improve water management techniques to 
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meet water needs. The following section investigates and discusses in further detail the 

impacts of flood and drought on technology for water storage and distribution, and how 

these affect agricultural producers’ vulnerability. 

5.3! Technological Vulnerability 

As defined in the conceptual framework, technology is one of the determinants of 

adaptive capacity for social systems and plays a major role as a mechanism to reduce 

risks, and consequently vulnerability, of agricultural producers. This section explores this 

determinant and identifies the factors affecting technological failures or limitations to 

fully eliminate vulnerability associated with the impacts of the two major water-related 

climate extreme events investigated in the study area.  

5.3.1! Factors Affecting Technology 

Results from the previous section demonstrate that flood and drought were the most often 

mentioned climate extreme events in the study area with floods being slightly more 

commonly noted than drought. There is an indication that the occurrence of these events 

affects agricultural producers by impacting technological resources for water storage and 

distribution. In order to understand further the connection between the factors increasing 

sensitivity, both producers and local institutional representatives were asked to expand on 

how specific climate events were exposing technology to failure and how they were 

impacted by the exposures and the technology failures. It is important to note that the 

discussion of technologies failures refers only to failures under the occurrence of extreme 

climate events without prejudice to performance under normal climate conditions. It is 

understood that these technologies are able to meet their originally intended purpose. 

However, they have been challenged by such unanticipated factors as more frequent and 

intense flood and drought conditions, as discussed herein. 

 

The respondents described specific events and how technology performed during and 

after the event. Responses were coded as to how the respondents referred to the event and 

its impacts, which allowed greater understanding of how the technological failure was 

perceived. This is important because the perception of those involved directly influences 

their choice of action regarding how to deal with a current situation and how they plan to 
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avoid similar failures in the future. A summary of the most commonly mentioned factors 

is summarized in Table 14. The information presented in this table shows that flooding 

events are seen to be the more serious extreme event having greater impacts on 

technology for water storage and distribution, with 78% of respondents referring to 

flooding and 22% referring to drought.  

 

Table 14 Respondents' perceptions of the key factors affecting technology performance 
and failures 
Factors Flood Drought Total Percentage 
Design 13 5 18 28.6% 
Inadequate technological actions 15  15 23.8% 
Capacity 7 4 11 17.4% 
Water and technology management 8 3 11 17.4% 
Maintenance 4  4 6.4% 
Performance 2 2 4 6.4% 
Total 49 (78%) 14 (22%) 63 100% 

 

Design 

For the purposes of data analysis in this study, design refers to failure of the structure of 

the technology to achieve its designed purpose (i.e., water storage and distribution). 

Within the 18 responses regarding failure in design, two main reasons were identified: (1) 

failure to control water in irrigation canals (n = 9) and (n=4) failure due to damage. The 

current technology is inadequate for controlling water during periods of excess due to the 

structural design of the technology. Nine of 18 respondents noted that the irrigation 

canals and small reservoir systems connected to the canals are designed to deliver and 

storage water, respectively, to meet agricultural needs but are not designed, nor 

adequately sized, to support flood control and management activities. Additionally, 

supporting information contained within the development plans of the irrigation districts 

of St. Mary’s River and Taber acknowledge that the irrigation canal systems are designed 

to deliver, but not drain water, which would be a vital consideration in the design of a 

flood control and management system. The current irrigation system is fed by the main 

reservoir where water flows through a primary (large) canal, which is connected to small 

side laterals to deliver water to individual parcels of farmland. The farther away the water 

travels downstream through the irrigation canals, the smaller the canals become in 
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recognition that water is diverted to farmlands along the canal trajectory. This is contrary 

to how a drainage system is designed, where a smaller canal is required at the source 

(top) of the system with increasing capacity required downstream to accommodate 

inflows from the many side laterals connected to farmlands. Today, the current irrigation 

canal system is expected to act as two technologies at the same time: as an irrigation 

system and also as a drainage system. This leads to the current flooding issues.  

 

Within the 9 responses related to design challenges related to differing water distribution 

(conveyance) and capacity needs for flood versus drought, 6 of the producers (4 located 

in Taber and 2 located in Lethbridge) stated that the failure of the irrigation canals and 

small reservoirs to control water lead to extensive flooding of cropped lands, affecting a 

significant number of producers in both areas. The inadequacy of the irrigation canals to 

store water and convey it away from the non-point sources also negatively impacted 

municipal infrastructure such as bridges and roads, some of which were incapable of 

withstanding the significant pressure and erosive forces produced by the larger-than-

capacity water flows. Three of the 9 responses were received from those representing 

local institutions who stated that flooding at this scale has also affected the municipalities 

and irrigation districts. The impact of the failure of irrigation canals extends broadly 

across the MD of Taber and St. Mary’s irrigation districts. Both regions have promoted 

the development of a regional drainage master plan to address issues created by irrigation 

canals that are undersized for flood control and management. Through the years, local 

drainage plans have been developed. However, due to the increase of excess of water and 

the conflicts generated through inadequate control of water during extreme climate 

events, a master drainage plan is deemed a requirement to properly address the challenges 

and knock-on effects of flooding across the region.  

 

Five responses associating design failures with drought connect the ability of irrigation 

water storage and distribution technologies with specific capacity to reduce vulnerability 

to dry conditions. For example, it has been stated that open canals allow rapid 

evaporation of water during very dry seasons, causing a great loss of water during 

distribution. 
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Failure in design due to damage (n = 4) includes impacts of flood and drought on the 

actual structure or technology itself, including the small reservoirs and spillways 

associated with irrigation canal operation. According to the respondents, these 

technologies have proven unable to resist the impact of excess water, leading to damage 

and failure. The four respondents who noted this challenge mentioned that post-flood, 

additional protection was required and constructed to prevent further damage to the 

technology. An example of one measure includes construction of berms along water 

canals to reduce incidents of water over-topping the banks and impacting adjacent lands. 

In this case, the design of the structure of the technologies was able to partially achieve 

the intended purpose and it was the excess of water and its force that produced damages 

to the technology. Impacts of such failures in irrigation systems include losses and 

damage to crops, buildings, and equipment associated with agricultural production, 

leaving producers vulnerable to not only the current event, but also future water-related 

extremes. It also has the potential to affect other legal jurisdictions downstream.  

 

Inadequate Technological Actions 

A total of 15 responses related to inadequate technological actions or outcomes were 

received as sources of increasing risks for agricultural producers. Of these 15 responses, 

4 referred to the inappropriate size and location of culverts. Where culverts are too small, 

the water backs up, not allowing water through fast enough; where too wide the water 

flows too fast, causing flooding in surrounding areas. Culverts on- and off-farm are used 

both to divert water from canals or other sources and also to control the flow of water 

(Alberta Agriculture and Rural Development, 2004). Even though there are specific 

design considerations defined by Alberta Transportation (2004) for selection of 

appropriately sized and located  culverts, some installations remain incorrect and can 

cause flooding. The impacts of this issue became evident during the extreme precipitation 

event of 1995, when the SPEI was 1.67, one of the five most extreme events since 1900 

(Wheaton et al., 2015). In that case, larger culverts allowed water to flow too fast, and 

smaller culverts backed up water causing flooding in the surrounding areas. 
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Another inadequate technological action was related to the repair of technology damaged 

post-impact after flooding events (n = 4). When uninsured technology, including dugouts, 

dams, spillways, dikes, and culverts require repair, producers can apply to provincial 

funding through Disaster Recovery Programs (Alberta Emergency Management Agency, 

2012). However, this funding is only provided to repair and not to enhance technology. 

Thus, producers tend to focus on repairing and rebuilding technology without having the 

financial supports and incentives to enhance those same systems and these replaced 

systems do not possess the ability to withstand future damage that may occur when a 

similar water-related extreme occurs again. Therefore, even though the risk has been 

identified, there is little to no action to change the existing technological situation and 

effect a reduction in the risk of future impacts. 

 

The impacts related to inadequate technological actions affect individual producers and, 

depending on the location of the affected technology, affect other producers as well. It 

can also affect municipal infrastructure such as roads and bridges, which in turn impact 

other technologies used on-farm. For example, one respondent described how protecting 

some areas from flooding upstream by increasing culvert sizes from 6 to 9 feet results in 

faster water flows that not only impact downstream locations more quickly, but also have 

more erosive power that flood farmland and wash out crops. Another respondent stated a 

sense of fear related to a considerable number of culverts being installed and how those 

implementations will result in faster moving water that will also impact roads and other 

municipal infrastructure that communities and producers rely on for social, economic, 

and environmental benefits.  

 

Finally, 7 respondents noted that the existing irrigation canal systems serve not only as 

failure in design, but also as inadequate technological action. The system is designed to 

deliver water but not to drain water. During the period in which the system was designed 

and constructed, dry conditions prevailed and there was a desperate need to provide water 

for the sustainability of communities and the development of local industries, including 

agriculture. However, climate variability in the Oldman River Basin has caused flooding 

and drought along with constant changes in water flows. Today, this means that the 
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original intention of the irrigation canals design is no longer suitable as excess water 

saturates the systems, does not allow for proper drainage, and consequently, leads to 

flooding.  

 

Capacity 

Capacity refers to the amount of water that a specific technology can hold either in 

storage or distribution systems. The total capacity of a system can include multiple linked 

technologies that can be made available to withstand either flood or drought conditions. 

In other words, the capacity of a system to contain, delay, or divert flood waters and its 

capacity to store and divert water in aid of drought. Such technology systems include 

reservoirs, irrigation canals, spillways, and dugouts. During the interviews, capacity was 

the third most-mentioned factor with 17.4% of the total responses. Of these, 7 related to 

flood and challenges associated with insufficient holding capacity, and 4 related to 

drought and the need for additional storage to collect as much water as possible during 

snowmelt and precipitation events.  

 

Within the 7 responses related to flooding, the capacity of the current technology, 

including the large canals and reservoirs, are considered to be insufficient during times of 

excess water causing a series of impacts on-farm and at the municipal level such as 

washing out crops, buildings, and municipal infrastructure. The 7 respondents mentioned 

that the capacity is limited. However, there are other issues that come into play when 

storage and distribution networks of water reach their maximum capacity. From the 7 

respondents, 2 stated that improvements in municipal infrastructure, such as roads and 

ditches, are making the water run faster, saturating the storage and water distribution 

network, and leading to flooding of agricultural land. As one respondent described:   

 

“One of the reasons we are getting floods like that is we have now built a 

lot of roads with ditches and in the old days it used to rain on a slope and 

the water was slowly coming down. Now it goes to the ditches, to the road 

and it comes down a lot faster…we changed the watershed…it [water] is 

not absorbed” (PC-CVA-10). 
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This shows how actions to enhance the function of one type of technology or 

infrastructure, such as improving roads and ditches, can create unintended increases of 

the risk for flooding by affecting the system capacity. According to the Municipal 

Government Act (2000), roads are the responsibility of municipalities and even though 

the Municipal Development Plan of the County of Lethbridge (County of Lethbridge, 

2010) , the MD of Taber (Oldman River Regional Services Commission, 2004), and the 

MD of Pincher Creek (Oldman River Regional Services Commission, 2002) addresses 

storm water management, a special consideration is needed when water-specific 

technology and infrastructure are developed. This could be considered to be an 

inadequate action in municipal infrastructure, needing more planning at a larger scale and 

involving correct measurements of water flows across the area, especially in reference to 

the occurrence of an extreme event.  

 

Likewise, dry conditions are influencing the need for increased storage across the study 

area. The incremental increases in water demand due to the combination of warmer 

climate conditions and reduced summer runoff volumes, in some years, is putting 

pressure on expanding storage capacity. Within the 11 responses, 4 were related to the 

need for more water storage to capture as much water as possible during snowmelt, 

especially during dry years. According to respondents in the irrigation districts, there is 

an ongoing discussion about the need of more storage to cope with extreme dry events, as 

access to water for delivery to producers is the major objective of the current irrigation 

systems designs. It was also mentioned by the same respondents that if more water 

storage is built, a management plan is required to change the operating conditions given 

that the current technology is intended to deliver water but not to control excess water. 

 

The impact of drought on producers translates to a lack of water to grow high value and 

quality crops, such as potatoes. According to the 4 respondents, who noted a need for 

increased water storage capacity to better manage through dry periods, extreme dry 

conditions limit the type of crops that can grow and thus reduce potential on-farm income 

and require consideration or implementation of new agronomic activities. Lack of water 
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can also induce crop failure. Even those producers with great technical resources and 

high efficiency irrigation systems, such as low-pressure drop-sprinkler irrigation systems, 

are able to grow a good crop, but not the great crop needed to receive a high value. 

Producers have developed several methods and strategies to cope with lack of water such 

as moving water from one crop to another, requiring less water through careful cropping 

decision-making, or sharing water with other producers.  

 

Water and technology management 

To identify whether or not a technology used is suitable and appropriate to solve a 

specific water related issue along with its management, respondents were asked about 

specific climate events during which the management of technology for water storage and 

distribution had been inadequate to cope with either an excess or shortage of water. In the 

context of climate change and variability, the role that agricultural producers and local 

institutional representatives play is important in managing technology. Hallegatte (2009) 

points out the need for agricultural producers to introduce a large dimension of strategies 

in their operations for water and technology management. Likewise, local institutions that 

govern water have a determinant role in decision-making for water and related 

technology management (Kundzewicz et al., 2007). 

 

There were 11 responses representing 17.4% from the total responses that were identified 

as increasing sensitivity related to water and technology management. Of these, 

increasing flood risk (n = 8) and drought (n = 3) were the two key issues raised. The 8 

responses related to flooding noted failure of water management of reservoirs (n = 6) and 

irrigation canals (n = 2). 

 

According to the respondents, there are three main reasons why water and technology 

management increases the risks of producers: 

1.! Although there are guidelines based on climate norms and hydrologic curves that 

are used to maximize safety and timely operation of reservoirs (e.g. 

height/volume), reservoir operators feel pressure and criticism from high volume 

water consumers, such as irrigators, to deliver water at the “right time” to 
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accommodate optimal crop growth and maturation or specific seasonal livestock 

needs. Under typical operating conditions, water levels are maintained at the 

highest level possible before the start of the irrigation season. However, when 

combined with an early spring or summer intense precipitation event, the 

conditions are perfect for flooding. Water levels could also be too high at the 

beginning of winter if excess water is retained rather than used in irrigation or 

other water consumption activities. In such cases, the beginning of snowmelt from 

the mountains adds to the excess stored water in the system, causing potentially 

catastrophic flooding conditions.  

2.! Management of excess water during or after a flood event. Two of the 

respondents mentioned that when there is an excess of water standing in fields 

during or after a flood, producers look to options for pumping the water off their 

land and into the irrigation canals operated by the irrigation districts. This 

compounds the impact of flooding not only in the irrigation canals and reservoirs 

but also for producers downstream. Irrigation districts are regulating this issue by 

asking producers to request a permit before adding water to the system and 

monitoring system (canals and reservoirs) capacity to accommodate additional 

water.  

3.! Management of reservoirs and irrigation canals to provide water for irrigation and 

other activities, but not for flood control. As climate becomes more intense in the 

Oldman River Basin, larger watershed scale strategies to manage water are 

needed. As identified earlier in this section, respondents stated that the design of 

particular technologies, such as the irrigation canals, is focused on irrigation and 

not for drainage. This along with an inadequate management strategy for water 

and technology for irrigation and not for flood control, increases the risks and 

sensitivity of producers. Adjustments in water management for flood control have 

to be included in order to reduce the vulnerability to flood events. 

 

In relation to drought, 3 responses identified risks associated with decreasing water 

availability. One respondent working as an operator at a large water storage facility stated 

that when there is shortage of water, getting close to near real-time demand for delivery 
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would help to improve water efficiency. The operator provides water to the irrigation 

districts based on the amount requested. However, this information along with real-time 

water use and volume consumption are not provided quickly enough to the operator to 

allow for informed crucial decisions about how to balance the water requests in each 

water distribution system. The current system design makes it difficult to manage water 

optimally to meet all consumers’ needs. On the other hand, it is difficult for producers to 

know exactly how much water they will need since, although growth rates and water 

consumption needs for crops can be estimated, these are estimates only and do not 

include climate uncertainty related to temperature, humidity or precipitation events.  

 

Since climate norms are changing, predicting the intensity, duration, and frequency as 

well as timing of precipitation events is becoming more challenging. Some of this 

uncertainty could be addressed through real-time sensor technologies and networks that 

could be responsive to climate conditions as well as stages of crop growth and 

maturation. As discussed in Chapter Three, it has been projected that water supplies 

derived from snowpack are likely to diminish under the projected climate change 

scenarios. The operator respondent in this study pointed out that effective management of 

water storage plays an important role in water efficiency at the producer level and will 

also be a key determinant for future water management as climate uncertainty and 

variability grow. 

 

Two respondents in this part of the study mentioned that the technology for irrigation 

systems is very well developed and sophisticated for improving water use efficiency 

under centre-pivot low pressure irrigation. These systems distribute water more 

efficiently to the crops at lower energy consumption and lower wind loss and soil salinity 

impacts. Current irrigation technologies make it easier for producers to manage water 

more efficiently, especially during dry periods. However, these same systems permit 

producers to waste water if the technology is not managed properly and without a social 

responsibility or water conservation perspective. As one of the respondents described: 
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“…I think that a lot of people [agricultural producers] tend to irrigate a 

bit too much…they use it because it’s easy to do today, push the button, 

the machine is going around…If you have to go out and change the wheel 

lines…three times a day, you’ve got to get up at five, and you’ve go to be 

out there at nine at night, and that’s not as easy…it is mechanical 

irrigation that’s made things very easy, and because it is easy…they just 

turn it on” (TB-CVA-05). 

 

The impact of not managing well reservoirs and irrigation canals is significant under 

excess water (flood) conditions. Respondents described that failures in water 

management can substantially affect large areas that wash out crops, farm equipment, 

buildings and other agricultural infrastructure (e.g. pumps), as well as municipal 

infrastructure and residential areas. Allowing water to flow into irrigation canals when 

these are already at capacity could damage and break reservoirs or even cause failure to a 

major dam. Likewise, the impacts of drought include crop failure and changes in crop 

production. It can also lead to water restrictions led by local governments as occurred in 

2001, for instance. Additionally, lack of water can create significant tensions and 

conflicts between consumers, residential, municipal, agricultural and industrial alike. 

 

Maintenance 

Failure to maintain technology such that it cannot perform at its full and optimum 

capacity is another factor that respondents mentioned as a source of increased risks to 

producers, particularly under excess water conditions. A total of 6.4% of responses 

referenced maintenance as an issue worthy of further consideration in the design and 

implementation of a water technology management program. Organizations such as the 

FAO (2007) have agreed maintenance of technology is as important as its design, as is 

having the right people (human capital) available to perform required and routine 

maintenance activities. Two of the respondents from the Taber and St. Mary’s Irrigation 

Districts mentioned that maintenance of irrigation canals is an ongoing activity required 

to ensure good operating conditions since failures can lead to major flooding or inability 

to provide adequate water when and where it is most needed. According to annual reports 
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of the Taber Irrigation District, the District allocates a significant proportion of its 

financial resources and time to make sure that water conveyance and delivery 

infrastructure and technology in the region does not fail (TID, 2015).  

 

Maintenance of irrigation canals is of great importance in the study area. For example, 

one of the reasons the rehabilitation program developed in 1969, through partnership 

between the provincial government and the irrigation districts, was the deterioration of 

the canals and storage facilitates. This partnership has allowed not only maintaining the 

irrigation canals in optimum conditions, but also improving the system’s performance by 

reducing water loss through seepage.  

 

Extreme climate events have increased the risks of damaging technology, making 

maintenance even more critical. Adding to these climate extremes impacts is that the 

canal designs are not focused on water drainage or removal away from agricultural fields. 

Thus, the management and maintenance activities and programs are crucial for, at a 

minimum not contributing to flooding and, at best reducing cumulative downstream 

effects as flood waters enter the network of irrigation canals leading to greater flooding 

potential.  

 

Maintenance of culverts was raised as an important action by 2 respondents who noted 

the need for preventative maintenance and routine checking to avoid blockages during 

periods of excess water. Based on past experiences, failure to properly clear and maintain 

culverts leads to water back-up and build up in undesired areas causing flooding in 

agricultural fields, damaging crops, roads, farm equipment, and buildings. Culverts also 

serve as an inadequate technological action when inappropriately sized to accommodate 

the increasing intensity of excess water events, leading to flooding.  

 

Performance 

The last factor identified from the interviews related to increasing risks for producers is 

when extreme climate events affect the performance of a technology. Again, 6.4% of 



 

 
 

108 

respondents noted performance as a key factor related to two 2 specific technologies, 

pivot irrigation systems and dugouts.  

 

Low-pressure centre-pivot irrigation systems reduce energy consumption and increase 

water application efficiency, especially during intense dry periods to irrigate large 

portions of land (Bjornlund et al., 2009). Likewise, dugouts (small farm-based reservoirs) 

are an essential technology for storage water particularly during dry periods on farms. 

The structure of these two technologies has been improving to cope better with 

competing challenges, including multiple water demands and changing climate. Despite 

the improvements in the design, adaptation, and selection of optimal technology to 

address water-related climate extremes, these technologies continue to be challenged 

under both water excess and shortage conditions. 

 

Specifically, two respondents mentioned pivot irrigation systems and the challenge to 

move these systems under wet and muddy field conditions. This is an issue because 

producers have to spend considerable time and money to release the system from the mud 

and prepare it for operation again. Thus, even though these systems have great 

advantages for water-use and energy efficiency, there remain performance problems 

under excess water conditions. According to the respondents, alternate technologies exist 

that could resolve this issue, namely drip irrigation, which consists of a pressure 

regulator, water filter, small bore tubing, and drippers that allow for even control and 

distribution of water. However, the cost of maintenance for such a system is excessive 

compared to the existing centre-pivot technology. Drip irrigation is also highly prone to 

clogging from deposits of calcium carbonate, algae and bacteria (Alberta Agriculture, 

2015). 

 

Dugouts and dugout performance were noted by two respondents who noted that during 

dry periods, shallow dugouts allow evaporation to occur at rapid pace, which limits the 

amount of water available when most needed. The development of deeper dugouts has 

been promoted, by the former Prairie Farm Rehabilitation Administration (PFRA) of the 

AAFC, to avoid quick evaporation when access to water is crucial. In recent years, 
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dugouts have been built at depths between 4.6 and 6.4 m to achieve the PFRA objectives. 

Today, the Alberta provincial government has developed guidelines to ensure better 

performance of dugouts in dry conditions.  However, severe dry climate conditions still 

cause high levels of evaporation and deterioration of the dugouts, affecting water quality. 

As a consequence, producers have to look for alternatives to have enough good quality 

water such as hauling water from other locations, increasing on-farm expenses. 

5.3.2! Quantifying the Impact of Technological Failure 

As described in the method sections, the extent of the impacts of technological failure has 

been quantified according to the following table (Table 15). The impact refers to the 

damage due to flood and drought affecting large populations of agricultural producers 

and their activities, crops, technology, farm equipment, and buildings. It also includes the 

impacts on one or more jurisdictions and the impact on municipal infrastructure such as 

roads.  

 

Table 15 Value of the extent of technological failure caused by either flooding or drought 
Impact Value 
Extreme flooding/drought, affecting large extensions of agricultural 
land, off and on-farm technology, equipment, building, and roads. 
Also affecting at large several municipalities.  

 
4 

Large flooding/drought, affecting individual and/or reduced number 
of agricultural producer, mostly crop failure and washing out crops. 
Also affecting at large one municipality.  

 
3 

Medium impact. Medium size flooding/drought, affecting individual 
and/or reduce number of producers. 

 
2 

Minor impact. Flooding/shortage of water, affecting individual 
producers. Producers able to solve the impact by its own means. 

 
1 

 

Further detail related to the specific technologies affected by flood and drought are also 

presented (Table 16) to better define and communicate impacts corresponding to failures 

in design, inadequate action, capacity, and water and technology management.  

 

Irrigation canal technology was assigned the highest value for all failures, revealing the 

scope of impact at a large scale in the case of failure when there is excess water. The 

magnitude of the impact of the irrigation canals is also assigned the highest value because 
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of the extension of the canals around the entire study area. The canals are also an 

interconnected system that link multiple water users, rural and urban municipalities, and 

irrigation districts, and where changes are made by one party impact the entirety of the 

irrigation canal system.  

 

All four factors concerning irrigation canals (design, inadequate technological actions, 

capacity, and water and technology management) are connected since one factor 

influences each of the others. An inadequate design of the canals to drain excess water 

has created the increase risks of flooding of agricultural producers. In addition, the 

management of irrigation canals is focused on delivering water, but not managing and 

controlling excess water. This has led to issues related to holding capacity of the entire 

irrigation canals system, further increasing the risks of flooding and causing agricultural 

losses in crops, technology, equipment, and buildings.  

 

Through the years, irrigation canals have served the purpose of water delivery in a very 

dry area. However, climate variability has resulted in occurrences of both flood and 

drought related to climate-driven changes in water flows and water diversion from many 

users along the canals. These occurrences have increased risks within the current context 

of water management, making the technology vulnerable when there is an excess of 

water. Currently, there are adaptive actions such as further changes in the structure of the 

canals, and improving water management. These adaptation actions are discussed further 

in the next section related to technological adaptation. 
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Table 16 Summary of level of impacts by factor and technology 
Factor Technology Failure Impact Value 
 
Design 

Irrigation canals and small 
reservoirs 

Control of water Large flooding affecting a large number of producers 
and jurisdictions 

4 

Spillways and small reservoirs Damage by excess of water Flooding affecting mostly an individual or a reduced 
number of producers, and one jurisdiction 

3 

Irrigation canals A good adaptation for drought in the past but 
failure to adapt to present flooding events 

 

Large flooding affecting a large number of producers 
and jurisdictions. 

4 

 
Inadequate 
Technological 
Actions 

Culverts Wrong sizing and location Water back-ups affecting an individual or a reduced 
number of producers 

2 

Dugout Funding to repair not to improve damages Not able to storage water after damaged 2 
Spillways and culverts Funding to repair not to improve damages Flooding affecting individuals and a large number of 

producers 
3 

Irrigation canals Drain water Large flooding affecting a large number of producers 
and jurisdictions 

 

4 

 
Capacity 

Large irrigation canals and 
reservoirs 

Hold excess of water Washing out crops, buildings, and municipal 
infrastructure 

4 

Reservoirs and dugouts Unable to collect water during dry periods Production of low quality crops and crop failure, 
affecting large number of producers 

 

3 

 
Water and 
technology 
management 

Reservoirs and irrigation canals Manage excess of water (flood control) Large flooding affecting, including agricultural field, 
farm equipment and municipal infrastructure 

4 

Manage shortage of water Difficulty to meet water delivering to producers 3 
On-farm irrigation systems Water wasted Irresponsible use of water 2 

 
 
Maintenance 

Culverts Water not flowing and not being delivered Blockages of water and flooding, affecting individuals 
and large number of producers 

3 

Irrigation canals Water losses seepage and evaporation Increase the shortage of water to deliver to producers 2 
 

 
Performance 

Pivot irrigation systems Not able to perform optimally Increase the amount of time and money use by 
producers in farming activities 

1 

Dugouts Water loses in evaporation and water quality Hauling water from other sources. Increases cost of 
farming operations 

 

1 
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Irrigation canals have also been assigned a value of 2 as related to maintenance failure. 

Maintenance has been identified as a key component to keep irrigation canals at optimum 

performance without deterioration (FAO, 2007). The impact of this failure is related to 

water losses and reducing the water available to producers. Even though, saving water is 

a consistent initiative of the government and producers alike, this is especially significant 

during dry periods. The Alberta provincial and local governments have recognized this 

issue and both governments are working together to conserve water in the system by 

avoiding seepage through putting canals and laterals into pipelines.  

 
Larger scale, multi-user, municipally-operated reservoirs have also been identified with 

the highest level in three factors, including design, capacity, and water and technology 

management. Just as with irrigation canals, reservoirs in the study area are designed to 

collect and store water for timely delivery to agricultural and other users. The issue with 

design and capacity relies on the inability of the reservoir to hold large amounts of water, 

causing flooding in large areas. Similar to the issue with irrigation canals, reservoirs were 

traditionally designed for the purpose of storing water, but not to hold excess water. 

Likewise, the management of water in reservoirs is focused on delivery of water for 

irrigation but not necessarily as a flood control technology. As the frequency of extreme 

water-related climate events continues to increase, the scope of reservoir management 

must take into consideration further dimensions such as flood control. 

 

Reservoirs have also been valued at an impact level of 3 in the category of design and 

capacity. According to the interview responses, reservoirs have been damaged by high 

amounts of water when there is too much snow and glacier melt in the mountains during 

early spring. This has been more evident in small reservoirs, causing flooding and 

affecting a limited number of producers within one municipality.  

 

In the category of capacity, reservoirs have not been able to collect enough water to meet 

water needs during extreme dry periods. Initiatives and regional plans to build more 

strategically located water storage are under discussion, as is the management of the total 
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numbers of reservoirs as an integrated storage system that can be used for both drought 

resiliency and flood control.  

 

Spillways were assigned an impact value of 3 for the category of design and inadequate 

technological action. Spillway technologies are damaged in cases where an enormous 

amount of water must be rapidly released from reservoirs. The original design did not 

include consideration of the impacts of water into the storage and distribution system. 

When it is not well designed to permit large flows of water to be released gradually, the 

technology collapses, affecting the region immediately downstream and, in this case, 

where several agricultural producers are vulnerable in a municipality. The failure of 

spillways in this category was mentioned 4 times during the interview process. However, 

the impact of such a failure can represent great damage for producers, especially if the 

technology is not improved in response to changing climatic conditions and events after 

being damaged.  

 

In the category of inadequate technological actions, failure of a spillway is referenced as 

a technology requiring improvement and re-designs after failures occurred related to 

excess water flows. Again, the impact was assessed at a value of 3 per the potential 

devastation that may be caused not only to the technology itself, but also to the 

downstream population, their activities, and infrastructure. The ongoing inadequate 

technological actions also increase the risks and the vulnerability of producers in the 

event of future flooding conditions and the need to rapidly expel excess water from 

reservoirs via unchanged spillway design. There is no change in the structure or in the 

pattern of technology to avoid the same consequences, which include washing out crops 

of both individual and large groups of producers, as mentioned in the interviews. 

 

Based on the information collected from the interviews, culverts were assessed to carry 

an impact value of 3 in the category of maintenance. Depending on the location of the 

culverts, the responsibility for maintenance may be primarily municipalities, Alberta 

Transportation, an irrigation district, and/or individual agricultural producers who ensure 

that culverts are clean and allow for water flow. Having an inadequate or reactive 
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maintenance program leads to failure of culverts to divert and control the flow of water. 

When culverts are blocked, water backs-up affecting the surrounding area, usually 

involving one or more producers within a municipality. Because of the sizing challenges 

and changing requirements for water flow accommodations, culverts have also been 

valued as an impact of 2 in the category of inadequate technological actions. Increasingly 

variable and unpredictable changes in water flows due to climate variability can cause 

miscalculations in the selection of the right size of culverts.  

 

The results of interviews and on-site evaluations led to the assignment of an impact value 

of 2 for dugouts in the category of inadequate technological actions and 1 for 

performance. For inadequate technological actions, the damage caused to dugouts by 

excess water leads producers to access the same provincial government assistance as 

available for damages to culverts. However, this assistance is only permitted for repair of 

the original design and not to make enhancements or climate-ready changes to the 

dugout. As with culverts, this is considered as inaction of the government to avoid the 

ongoing occurrence of the same impacts, maintaining the risk and even potentially 

increasing risk should future incidents produce greater water flows that those experienced 

to date. With respect to dugout performance, challenges related to evaporative water loss 

due to high temperature in dry conditions lead to overall reduction in water availability 

and also quality as contaminants become concentrated in a smaller volume of water. The 

Alberta provincial government has developed technical guidelines to reduce evaporative 

water loss and to improve the quality of water. However, there remain issues of adoption 

of these new guidelines and adaption of the technology.  

 

The technology of on-farm irrigation systems was assessed to carry a risk value of 1 since 

the impact on increasing risk is minimal. This technology has been developed and 

improved over several years, changing in pattern and structure to control water more 

precisely. However, a new risk has also been created relative to the increased potential 

for irresponsible water use by setting up a technology that is very easy to operate and 

automate, without consideration of actual cropping needs and meteorological conditions. 

Operation of the sophisticated irrigation technologies depends more on the producers’ 
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ability to judge crop requirements and his/her perceptions and values related to 

responsibility of water and technology management. Thus, the risks are more properly 

associated with operation of the technology than the technology design itself.   

As a specific technology, centre-pivot irrigation systems are identified as having a 

potential risk impact of 1 for the purposes of this study. This technology fails to perform 

when there is too much water in the field because of the wheel movements required to 

pivot the irrigation spans around the centre. Water efficiency with newer systems has 

been improved but mobility on muddy conditions is a more recent issue as there are 

increasingly more excess water events to manage. 

5.3.3! Discussing Maladaptations 

As defined in Chapter Two, maladaptation refers to an action or inaction that directly 

leads to incremental increases in risks associated with flood and/or drought, and 

consequently increasing vulnerability, now and in the future (IPCC, 2014). As identify in 

the last section, there are a number of actions that have led into maladaptation as they 

caused the increment of risks and vulnerabilities in agricultural producers. As referred by 

Barnet and O’Neil (2010), maladaptations can be classified in five specific dimensions in 

which they arise15. Some of the actions identified in the previous section leading to 

technological vulnerability are identified with the dimension of path dependency. Barnet 

and O’Neil (2010) describes this dimension in relation to infrastructural or technological 

development projects and the dependency they have to rigid variables such as capital or 

institutions, which may be difficult to change in the future. For example, while in the past 

infrastructural or technological projects may have had success, in the future, these 

projects may be attached to their dependency to rigid variables, which may lead to 

decreased flexibility to respond to unforeseen changes in climatic, environmental, 

economic, or social conditions.  

                                                
15 According to Barnett and O’Neill (2010), maladaptations are classified in five dimensions, which 
adaptation decisions can be screened for their possible adverse effects. These dimensions include (1) 
increase emissions of greenhouses (energy-intense adaptation actions, increasing emissions of greenhouse 
gases), (2) disproportionately burden the most vulnerable (in meeting the needs of one group, actions 
increase vulnerability of those most at risk), (3) have high opportunity costs (economic, social, or 
environmental costs are high relative to alternatives), (4) reduce incentives to adapt (encouraging 
unnecessary dependency on others, stimulating rent-seeking behaviour), and (5) set paths that limit the 
choices available for future generations (commitment of infrastructure projects to capital and institutions to 
trajectories that are difficult to change in the future). 
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Another example in the same dimension involves irrigation canals. This technology in the 

study area is part of a technology designed with specific purpose to cope with drought 

conditions, the most significant water-related challenge at the time of design and 

construction. These technological systems have been very successful to meet its purpose 

to drought-proofing the region and to provide water for agriculture. This has been a major 

variable that this technological system has been depending from. However, as climate has 

been intensifying, as well as changes in other conditions such as social, economic, and 

institutional have been manifesting, this technology is no longer adequate for supporting 

communities and individuals to address current conditions alongside the increasing risk 

to producers during an extreme flooding event. As consequence, different types of 

adaptive corrective actions have to be applied. These actions could include financial, 

technological, and/or institutional. For example, local institutions have to develop water 

strategies or regulations to reduce the risks that irrigation canals are causing today. The 

Taber Irrigation District and St. Mary’s Irrigation District have made specific requests to 

producers to not pump out water off their field to the irrigation canals unless they have a 

permit.  

 

In addition, the decrease in flexibility of the irrigation canals systems can also be 

attributed to other considerations. As described in Chapter Two, technology tends to 

become less adaptive to its environment when it is applied in large scales (Brooks, 1980). 

The extensions of the irrigation canal system covers most of the study area and beyond 

other jurisdictions, making it less flexible at the time to make changes to cope with 

climate events. In the case of excess of water, the technological systems are unable to 

drain the excess of water, and in the case of lack of water, evaporation from the open 

canals allows evaporation to reduce the amount of water needed for agriculture and other 

activities. However, components of the integrated network of irrigation canals can be 

changed easier  at the end of the technological system, which is the on-farm irrigation 

systems such as the pivot or the wheel systems. An irrigation system is comprised of a 

web of interconnected technologies, starting at the main reservoir, with water flowing via 

a main canal through to small side laterals and individual watering systems at the 
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producer scale (Figure 13). The use of spillways and return flows canals are used to 

control the excess of water.  

 

 
Source: (Alberta Agriculture and Rural Development, 2004) 

 
Figure 13 Generalized irrigation network design 
 

The on-farm irrigation systems have been changed by producers to save not only energy 

and money, but also to better manage on-farm water use. These changes have conflicted 

with the design and capacity of current irrigation networks during periods of high water 

levels because, as on-farm technologies become more efficient, less water is used and 

more water remains or is returned to the irrigation canals. Under normal climate 

conditions, such operation and management of water are ideal. However, the original 

design can be seen to serve as a maladaptation during times of excess water and flooding. 

As one respondent stated: 

 

“…we look back 50 or 70 years ago, everything was open ditches; canals 

everywhere and…municipalities…and producers depended on those 
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ditches as a part of their drainage network, because everything was flood-

irrigated,…but as we changed we’ve got…all low-pressure pivots and 

sprinkler systems,…we put everything in pipelines…and we don’t have 

seepage….salt problems. But we have an event like we had [excess 

rain]…it is not place [for water] to go.” (TB-GOV-15). 

 

The increasing volume of return flow to the irrigation network is an unavoidable 

consequence of the mismatch between water supply and water consumption (AMEC 

Earth & Environmental, 2009). In the next 15 to 20 years, the return flow is expected to 

decrease from about 20% to approximately 12% as the increased use of pipelines for 

water conveyance, improvements to irrigation systems, and balancing of strategically 

located reservoirs takes place (AMEC Earth & Environmental, 2009). In combination, 

these design changes are expected to better align the volume available with the volume 

needed during dry periods and also incorporate improved reservoir capacity and location 

to address excess water conditions.  

 

Special attention must be paid to the impacts of in-field irrigation efficiencies achieved 

by use of low pressure pivots and high precision nozzles that require lower volumes of 

water to achieve the desired cropping effects. Here, the sizing and design of canals versus 

pipelines for conveyance (and storage) must be balanced with the sizing, accessibility, 

and design of a network of reservoirs to accommodate excess water storage during flood 

and much needed water access during drought. Changes at the end of the irrigation 

network (i.e., at the producer scale) is occurring at a faster pace than those related to the 

shared and much larger technology of irrigation canals, reservoirs, and spillways. These 

competing needs and challenges relating the combined impacts of maladaptation may 

lead to increased risks and vulnerabilities for agricultural producers. 

 

Moreover, it has also been identified there has been inadequate technological actions in 

technologies. For example, placing culverts to divert water from one location to another 

solves the problem for one group of producers, but causes flooding problems in other 

groups downstream. This type of maladaptation can be identified in the dimension of 
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disproportionately burdening the most vulnerable. Producers downstream could be at 

more risk as they face more chances of flooding due to inadequate actions or inactions. 

This is referred as actions that meet the needs of one group and at the same time increase 

the vulnerability of those most at risk (Barnett & O’Neill, 2010). This can be seen in the 

factor of water and technological management, where it has been identified that the 

action of pumping off water by agricultural producer to the irrigation canals can lead to 

flooding in agricultural producers downstream. This maladaptation can also be included 

in the dimension of disproportionately burdening the most vulnerable. Finally, another 

action that relates to this category is the improvement of roads under the category of 

capacity, which has made water run off faster increasing the risks of flooding of 

agricultural producers located at high risk flooding areas.  

5.3.4! Choosing the Right Technology and Management  

Other actions have been identified as causing the increase of risks and vulnerabilities. 

The ability of a producer to make decisions and manage technology are also important in 

technology function. The understanding of climate trends, past experiences of 

technological failure or success, and more importantly potential impacts of flooding and 

drought are of great interest when making decisions. It is also important to make 

decisions before resources are allocated for design, an adaptive action that could turn in 

maladaptation when determining the capacity of reservoirs. These decisions can greatly 

reduce the risk of failure and technical vulnerability, and also reduce the risks in 

agricultural producer communities, as well as ensure water is stored and distributed 

according to agricultural demands, in particular during dry and excess of water periods. 

For example, having information at the right time has shown to be relevant in the delivery 

of water. As discussed earlier, an operator has described that this would help to make 

better decisions about how to balance water requests in each water distribution system. 

Another example of making technological decisions is choosing the wrong size of 

culverts, the decision of which can have positive or negative impacts. The previous 

section shows indications of lack of knowledge when choosing the right size of culverts 

in terms of water fluctuations. However, there may be other variables involved in this 

decision, such as costs that this research has not considered. 
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Moreover, maintenance is an important action to perform in technology. When 

maintenance is not performed there is a chance to increase risks and vulnerability. 

Maladaptation has also been defined by IPCC (2014) as inactions that lead to increase 

risks. The maintenance of irrigation canals has been identified by irrigation districts as 

important action to ensure a good operation and avoid failures that could lead into 

flooding or inability to provide water when and where it is most needed. The 

maintenance of culverts to ensure there are not blockages has been also identified as 

important actions to not increase risks. Finally, the ability of a producer to use technology 

has also an important impact. For example, modern technology allows agricultural 

producers to be more efficient with their practices when using water. However, if not 

operated properly or with the right knowledge, or without social responsibility 

perspective, the same technology can lead into inefficient use of water by the agricultural 

producer. 

 

Finally, the role of the government has been crucial during decision making moments to 

choose the right technological option to cope with climate extreme events. It was 

identified in the previous section that the provincial government provides assistance 

when damages occur to technological systems after they have been affected by climate 

events. However, this assistance is only permitted for repair of the original design and not 

to make enhancements. This can be considered as an inaction of the government to avoid 

the same impacts by the same ongoing occurrence, maintaining the risk and potentially 

increasing risks and vulnerabilities. 

5.3.5! Conclusion 

This section on technology vulnerability at the level of the farm and at the regional level 

has identified key factors leading to technological failures under climate exposure such as 

design. It has also identified the extent of impacts on agricultural producers and 

communities. In conclusion, actions related to factors such as design, inadequate 

technological actions, and capacity have been identified as maladaptation since these 

action have led to the increased risks and vulnerability of agricultural producers. Some of 

these actions have affected other areas increasing vulnerability where they were not 

intended to have any effect. This is related to the concept of vulnerability described by 
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Vogel and O’Brien (2004), which includes the three main features as being multi-

dimensional and differential, scale dependent in regards time and space, and as being 

dynamic. Finally, this chapter also describes the ability of the person performing the 

action as influencing the increase of risks and vulnerability. This could be in the form of 

making decisions, operating, or proving maintenance of technology. This is explored 

more in detail in the next chapter where the role of social and human capital is 

considered. 

5.4! Technological Adaptation 

This section presents the results and discussions on factors leading to technological 

adaptation, including technological actions, and social and human capital considerations. 

On the one hand, factors leading technological adaptation have been identified as action 

either by changing the structure of existing technologies or the implementation of 

technologies where there were none before (this has also been called changes in pattern). 

On the other hand, social and human capital considerations have been identified as 

sources of knowledge where the agricultural producers are gaining their knowledge on 

technology and agricultural practices involving technology.  

5.4.1! Factors Leading Technological Adaptation 

A total of 52 actions were identified and categorized as those influencing technological 

systems and responding to increased need for adaptive capacity. These factors have been 

divided according to initiatives to cope with either flood or drought events (Table 17). 

The factors have been further divided by initiatives to change the structure of existing 

technology and for implementation of new technologies, also called patterns, as defined 

in the literature review by Capra (1996) (Table 18). As in the previous section, there is no 

division between the information collected from either agricultural producers or local 

institutional representatives during the interviews, as the focus of this research is 

technology as a concept. 

 

In order to identify factors leading to adaptive actions in technology, both producers and 

local institutional representatives were asked about the type of technological solutions 

that have been implemented after the occurrence of either flood or drought events. The 
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interviews revealed three main factors used to adapt technology, including technological 

upgrading, water needs, and monitoring water flows (Table 17). Each of the factors are 

evaluated and discussed in the following paragraphs. 

 
Table 17 Major technological factors for adaptation 
Factor Flood Drought Total Percentage 
Technological upgrading 18 22 40 77% 
Water needs  6 6 11.5% 
Monitoring water flows 3 3 6 11.5% 
Total 23 (45%) 29 (55%) 52 100% 

 

The three factors were categorized according to whether technology adaptation was in 

response to either an extreme flood or drought, and the percentage of responses noted 

(Table 17).  

 

Table 18 Changes in pattern and structure by type of adaptation 
Factor New Technology 

(Pattern) 
Change in 
Structure 

Total 

Technological upgrading 13 (32.5%) 27 (67.5%) 40 (100%) 
Water Needs 6 (100%) 0  6 (100%) 
Monitoring water flows 6 (100%) 0 6 (100%) 
Total 24 (46%) 28 (54%) 52 

 

Technological upgrading was the most common approach to adapt technology 

comprising 77% of examples provided. Upgrading actions were equally driven by flood 

and drought events. The other two factors were equally distributed with 11.5% of 

responses noted a need for water needs and monitoring activities. Here, water needs were 

mainly driven by drought, while monitoring water flows were primarily driven by the 

presence of excess water. 

 

Table 18 further notes each of the factors divided by actions taken by agricultural 

producers and local institutional representatives on new technologies (also called 

installation of new patterns) and changes in structure of the technology. According to the 

total responses, there appears to be a trend toward using and improving existing 

technology (67.5%) versus implementing new technologies to cope with flood and 
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drought (32.5%). The actions related to water needs, which is essentially focused on 

managing under dry conditions, were wholly based on implementation of new 

technologies (100% of responses). Those actions focused on monitoring water flows are 

also exclusively targeted on implementing new technologies, such as data monitoring 

devices and real-time sensors for water flows. As great fluctuations are intensified due to 

climate variability, this factor is becoming more important and new patterns are playing a 

vital role in reducing vulnerability.  

 

Technology Upgrades 
This factor refers to improve a technological status to cope with either extreme flood or 

drought conditions. The improvement can be implementing a new technology or 

changing the structure of an existing technological system. From the information 

collected in interviews, this factor was the most predominant method of technological 

adaptation (77%). Contrary to the inadequate technological actions, the interviews show 

several examples of technological upgrades that have been developed in the study area to 

reduce risks and impacts of extreme climate events. In order to identify major climatic 

conditions that are leading the upgrades, respondents were asked to describe what 

climatic conditions they have to adapt to in connection to technology. From the total of 

40 responses, technological upgrading was most often mentioned with a near equal split 

between drought (22) and flood (18) extremes.  

  

Due to the long-standing dry nature of the study area, droughts have been a strong driver 

in technological development since early 1900s. Recently, the Oldman River Basin has 

experienced more climate variability causing both flood and drought conditions, as well 

as changes in water flows and seasonality (Schindler & Donahue, 2006). Three different 

climate projection scenarios for 30 years further note that water supply from snowpack is 

likely to be reduced (AAFC, 2012). This has increased the focus on changes in 

technology. Extreme flood events and excess water in general are more recent issues 

particularly as related to the impacts of drought technologies serving as flood 

management maladaptations.   
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Changes in structure of technological systems 

Nearly 70 % of technologies have been upgraded through changes to structure (Table 18).  

Here, actions by either producers or local institutional representatives have been made to 

the physical components of the technology. This includes actions such as increasing the 

capacity of reservoirs or dugouts, changing from high to low pressure irrigation systems, 

and replacing side laterals of the irrigation canal network with underground PVC 

pipelines. 

 

Authors such as Harker et al. (2004), IPCC (2007), Lotze-Campen and Popp (2012), and 

Jiménez Cisneros (2014) acknowledge the importance of upgrading existing technology, 

in particular to improve water efficiency and to optimize the use of water as a significant 

action in support of coping with and mitigating against the negative impacts of climate 

change. In addition, Rosenberg (1992) suggested that the uncertainties of climate 

variability and change can be more quickly addressed by focusing on improving existing 

technology rather than developing and implementing new technologies. Thus, technology 

upgrading can be seen as a more rapid adaptation strategy, particularly in terms of 

responding to abrupt changes in excess (flood) and deficit (drought) water conditions. 

The interviews bore out this perspective, revealing that producers and local institutional 

representatives are already focusing more intently on upgrades (67.5%) /rather than 

implementing new flood and drought adaptation technological systems. 

 

From the full set of interviews, 4 main actions to change of structure of technology were 

identified as currently being implemented. The information presented in Table 19 

identified these main technological adaptations focusing on the technological failures 

identified in the previous section. 

 

 

 

Table 19 Changes in structure in relation to technological failures to climate extremes 
Changes in Structure Failure Value Factor 
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The rehabilitation canals, which 
include replacing open canals 
(laterals) with PVC pipelines 

Control of water 4 Design 

Water losses seepage and 
evaporation 

2 Maintenance 

Improvement of pivot irrigation 
systems1 

Improve water efficiency - - 

Increase storage capacity and 
reinforcement of technology 
(dugouts, dams, reservoirs) 

Damage by excess of water 3 Design 
Hold excess of water 4 Capacity 

Unable to collect water during 
dry periods 

3 Capacity 

Improvement and addition of 
spillways to canals, dams and 
reservoirs 

Control of water 4 Design 
Damage by excess of water 3 Design 
Inadequate or inappropriate 

sizing and location 
2 Inadequate 

technological 
actions  

1 Improvement of water was not in the top list of technologies impacted by climate extreme events but it is 
a constant strategy of the agricultural producers to reduce water and energy consumption. 

 

The first changes to technology structure began through PFRA programming in 1969 in 

relation to the development and optimization of irrigation canals. These changes have 

been effected via a partnership project model and cost-sharing basis between the 

provincial government (75%) and irrigation districts (25%). Here, open canals are 

converted to pipeline systems to improve water use and availability efficiencies by 

reducing evaporation rates and seepage. As climate variability and droughts become more 

intense under projected climate change, this technology upgrade can greatly reduce the 

risk of water shortage and ensuing economic disaster. As evidence of the positive impacts 

on water conservation and availability, Alberta Agriculture and Rural Development 

(2014) calculated that these improvements resulted in annual water savings of about 50 

million cubic metres between 1999 and 2012. 

  

This action has also reduced the risk of the original design where water losses were not 

anticipated. According to the Alberta Government, each year there are approximately 100 

km of pipes installed to replace open channels (Alberta Agriculture and Rural 

Development, 2014). Although these technological adaptations address drought, they do 

not address flood and may, in fact, be considered a contributing factor in technology 

maladaptation since issues of drainage are not addressed. However, the technology 
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upgrades do support better water flow control and monitoring that can reduce potential 

impacts of flooding through better information about where and how much water is 

contained in the irrigation canal network.  

 
The improvement and implementation of highly efficient centre-pivot irrigation systems 

is common across the study area. This includes changing from high to low pressure 

systems to reduce water and energy consumption and more effectively deliver water 

directly to crops. Irrigation Districts and Alberta Agriculture and Rural Development 

have both  strongly advised agricultural producers to implement this technology upgrade 

this improvement, as this strategy aligns well with the provincial government goal to 

increase water efficiency by 30% by 2015 (AMEC Earth & Environmental, 2007).  

 

In addition, the increment of storage capacity and the reinforcement of existing storage 

facilities have shown to be an important technological upgrading for both dry conditions 

and excess of water. The value assigned to failure is 4 for the factor capacity for hold 

enough water and 3, for the same factor capacity but failure to collect enough water. 

Capacity is one of the main factors identified in the previous section as technological 

failure during climate extreme events with 17.4% of the total responses. The factor of 

capacity is related to the following technologies dugouts, reservoirs, and dams. 

According to respondents, for dry conditions, increasing the capacity of existing storage 

facilities allows to hold more water when snow is melting in the snows in spring, which 

also allows management of water for enhanced distribution. The increment of existing 

storage capacity has also been beneficial during periods of excess of water to avoid and 

to reduce the impact of flooding, which include washing out crops, building and 

municipal infrastructure.  

 

In addition, the reinforcement of these existing storage facilities has also been beneficial 

for reducing risks to agricultural producers by protecting other technologies and farm 

equipment. This technological adaptation falls into the category of design and a risk 

impact potential of 3, when agricultural producers and municipalities. Protecting and 

ensuring storage capacity is identified of great importance to cope with climate extremes, 
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and it should be considered in future considerations for design as failure to do 

reinforcement can have great impacts. Changes of structure in capacity still can be 

maximized with an adequate technological and water management as it was shown as 

failure in the previous section. However, it also needs to be considered for future storage 

technology designs. 

 

And finally, the improvement and addition of spillways to dams and reservoirs have 

helped to reduce the impacts of flooding. This technology has been considered as change 

of the structure of the dams and reservoirs as part of the entire functionality of the 

technology to successfully cope with the impact of excess of water. These changes are 

related to past inadequate technological actions as described in the previous sections. 

Failure to control water has also been valued as 4 and it is connected to the factor of 

design. According to the local institutional representatives, in some cases, the direction 

and the size and the spillways had to be changed to reduce the risk of flooding. The 

addition of spillways to major water canals has also been implemented to control the 

excess of water in the canals and also as a mechanism of protection to reduce the impact 

of erosion in the storage facilities, including dams and reservoirs. This adaptive action 

has helped to reduce impacts, valued as 3, which includes flooding affecting individual 

and large number of agricultural producers. It has also helped to reduce the impact of 

municipal infrastructure such as roads. 

 

Installation of New Technologies (Patterns)  

There were 13 responses in total, representing 32.5%, referring to installation of new 

technology in the factor of technological upgrading. The installation or implementation of 

new technologies refers to any action to include new patterns, which is a new 

configuration of relationship among a system’s components as defined by Capra (1996). 

These patterns have been implemented as new solutions to cope with extreme climate 

events and have also been of great importance for reducing risks to agricultural 

producers, in particular for the factors of design, technology and water management, and 

capacity (Table 20). The table also shows two new patterns that are not connected to any 

factor but they are strategies identified that also contribute to the reduction of risks. 
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Table 20 New patterns in relation to technological failures to climate extreme events 
New Patterns Failure Value Factor 
Installation of culverts Control and manage the 

excess water  
4 Design – 

Technology 
and water 

management 
New storage facilitates (dugouts, 
reservoirs, dams, and storm ponds) 1 

Hold excess of water 4 Capacity 
Unable to collect water 

during dry periods 
3 Capacity 

Construction of water lines Unable to collect water 
during dry periods  

- - 

Installation of other technologies to 
existing technologies (solar panels, 
ecological engineering) 1 

Improve water efficiency 
Protection from flooding 

- 
- 

- 
- 

1The construction of water lines and the installation of other technologies in connection to existing 
technologies are not in connection to any of the factors identified in the previous section. However, these 
new patterns (technologies) are being implemented as a constant strategy to cope with climate extreme 
events.   
 

The installation of culverts in new locations has been important to help to control and 

manage the excess of water in the field. It was identified from the previous section that 

the impacts of failure were valued with 4, affecting a large number of agricultural 

producers, on-farm equipment, buildings and also depending on the location several 

jurisdictions. The culverts had to be installed where there were similar technologies and 

where there was not risk before. The installation of culverts has been necessary not only 

due to the intensification of climate variability and water flows but also due to the 

maladaptations generated by the installation of other culverts placed in different areas 

with wrong sizing. When installing culverts in new locations, it is of great importance to 

learn from past experiences such as miscalculation of water flows to avoid water backups 

that could affect individual producers and, depending on the location, a larger number of 

producers and also damage in one or more jurisdictions. In addition, as climate variability 

intensifies rapid changes in water flows, the installation of culverts will increase in 

number and they will play a more relevant role as the impacts of failure affects larger 

number of agricultural producers.    

 

The installation of new storage facilities such as dugouts, reservoirs, dams, and storm 

ponds is an ongoing strategy for agricultural producers and for local government 
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representatives. Dealing with excess of water has been an issue of capacity of the 

technology for both water distribution and storage. The impact of not being able to store 

excess water has been valued as 4 and affects large extensions of agricultural fields, 

building, and municipal infrastructure. Likewise, not being able to collect enough water 

to be prepared for dry periods has been an issue in the study area. Failing to do this has 

been valued with an impact of 3 in the factor of capacity, affecting agricultural 

production in the form of low quality products and crop failure. Capacity is an issue for 

flooding and drought. It has been identified that there is still existing storage technology 

in the study area that can be managed better for flood control or for dry periods to 

maximize current capacity, or even changes in structure, which could be a cheaper and 

more efficient option to rapidly adapt to changes in water flows.  

 

The construction of water lines and the installation of other technologies are two adaptive 

actions that are not connected to any impact of extreme climate events. These adaptive 

actions are ongoing strategies to cope with the intensification of dry conditions, as well as 

dealing with the impacts of flooding, which erodes and damages existing technology. The 

installation of water lines has been important for water security in the study area and has 

been a more proactive solution to future severe droughts. This has allowed a reduction of 

the risks of not having enough water due to the failure of other technologies to collect and 

to store water. Failure to not having enough water when needed, as described in the 

previous paragraph, leads into low quality agricultural products and crop failure, which 

can have a value of 3 in the impact to agricultural producers. 

 

The installation of other new technologies, such as solar panels or developing ecological 

engineering solutions to reduce risks, have been installed as innovative ways to cope with 

changes in water flows. First, the installation of solar pumps has been increasing in 

number to be used to pump out water from dugouts or from other water storage facilities 

to improve water management and water quality. According to respondents, this type of 

initiative has been promoted and encouraged by the local governments such as municipal 

districts. Agricultural producers have also stated that they have been learning about solar 

panels and other technologies from other sources such as engineering and agricultural 
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magazines, and trade shows, as well as exchanging information and knowledge with their 

neighbours on new technologies and water management.  

 

Second, the use of ecological engineering or bioengineering initiatives at the local 

government level is indicative of adaptive action. Even though this initiative was not 

directly connected to agricultural producers, it serves as a technological solution that 

reduces risks related to flood that could affect agricultural land.  Ecological engineering16 

is defined as “…the design of sustainable ecosystems that integrate human society with 

its natural environment for the benefit of both.” (Mitsch & Jørgensen, 2003; p.365). 

According to the respondents of one municipality, there is acknowledgment of the 

importance of developing ecological engineering solutions to protect agricultural land 

and urban areas. Specifically, one respondent stated that:  

 

“We started moving away from like traditional hard engineering and 

moving toward more bioengineering…. So we base the repairs on the pre 

inventory that was done on the riparian areas that were done and then we 

move forward from there and plan more of a bioengineering way of doing 

things… This we know it protects the banks and it also creates habitat. So 

we move toward a more bio way of doing it “(PC-GOV-01). 

 

The municipality has included the reinforcement of a water canal not only by adding a 

number of rocks and groynes, but also by growing trees. This has allowed to create a 

living structure that adjusts to the physical conditions of the area and also create more 

habitat. This is an example how the design of a non-living system such as a technology 

can incorporate elements of a living system to create a new solution that is more 

adaptable to the environment, and at the same time reduces the risks from the impact of 

flooding. 

 

Water Needs 

                                                
16 Ecological engineering should not be confused with biotechnology, which according to Mitsch (1993) 
biotechnology “…involves genetic manipulation to produce new strains and organisms to carry out specific 
functions.” (p.441-442). 
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Because of the nature of the dry condition of the study area, meeting water needs has 

been an ongoing strategy of agricultural producers in the study area since early 

settlements. Water needs have been identified in the interviews as actions to cope solely 

with dry conditions. The answers regarding this category represent 11.5% of the total 

responses. Contrary to the installation of technologies for storage from the previous 

section related to the factor capacity, in this category, there were not impacts from 

climate extreme events to any particular technology for storage or distribution under the 

category of water needs. However, this category was included due to its importance as a 

strategy to cope with severe dry conditions, which has been intensifying due to constant 

changes in water flows. This category includes the search for more water sources through 

technologies and also the installation of new alternatives to meet water demands for 

agricultural needs under dry conditions. As one of the respondents stated: 

 

“In those days, before they [early producers] drilled wells…guys would 

haul water for a mile, in barrels, because that was the only option they 

had.” TB-CVA-04. 

 

Installation of New Technology (Patterns) 

The installation or changes in technology is evident when drought-proofing a region, 

where new technologies are being included for development. Starting close to the 

mountains, from the development of reservoirs to collect the snow pack melted in early 

spring, to the on-farm technologies such as dugouts to collect water for later days. This 

has been important to reduce risks to dry periods and to increase adaptation at the 

agricultural producer level. For the study area, this included the development of 

technological solutions for water storage and sources such as wells, dugouts, reservoirs, 

and dams. Similar to changes in structure in technology for storage in dealing with 

capacity, it is important to point out that there are still existing storage facilities that need 

to be better managed to control technology and water available during shortage of water.  

 

The installation of new technologies where there was no technology development before 

is important as an ongoing strategy to cope with dry conditions and even more relevant 
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during severe droughts. However, as one of the respondents stated, the location of the 

storage is also important. Better evaluation for strategically placing new storage facilities 

could reduce the number of structures to be built, reducing also the financial resources 

needed. Water and technology management, along with strategically located technology 

for water storage can greatly reduce the risk of lack of water during dry periods and 

severe drought events. Authors such as Thiessen and Smith (1982) have pointed out that 

technology for water storage has the ability to improve the efficiency in water delivery, if 

storage is placed in strategic locations within the distribution system to act as a balancing 

pools in the periods when water flows are fluctuating.  

 

Monitoring Water Levels 
This category refers to the monitoring of water flows through different types of 

automated devices and control systems. Monitoring water levels has become an important 

activity for local institutional agencies and agricultural producers. The Oldman River 

Basin has experienced climate variability and also constant changes in water flows 

caused by different reasons, including climate and water diversions for diverse users. 

From the total number responses, this category represents 11.5% and it has been related 

equally divided to both flooding (n = 3) and drought (n = 3). Because of the negative 

impacts it has over agricultural land and municipalities when there is too much water, and 

also the negative impacts on crops when there is not enough water. This category, as the 

previous category water needs, is not in connection with the impact of climate extreme 

events in any technology. However, it is also a constant strategy, in particular from 

governments to improve the monitoring of water levels to reduce the impacts of the rapid 

changes of water flows.  

 

 

Installation of New Technology (Patterns) 

All the responses in the data monitoring category were related to the installation of new 

technology. The respondents have stated the importance to have water control systems 

that tracks changes in water flows to take action if there is too much water leading to 

flooding or if there is not enough water to make adjustments in distribution. For example, 
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the Taber Irrigation District has installed a control system called the Supervisor Control 

and Data Acquisition, which allows monitoring of water volumes available in storage 

facilities, as well as in water canals. In order to provide that information in real-time, the 

system relies on a series of devices, including a series of real-time sensors that share 

information by uploading it to accessible and easily interpreted online platforms.  

 

The monitoring of water is a collaboration of different agencies, including Alberta 

Government, Water Survey Canada, and local institutional agencies such as irrigation 

districts. At the local level, the irrigation district measures the water that flows into the 

district and also, the water flows that leave the district. This information is used to 

produce indicators for future planning and reduce the risks that water flows could 

generate to agricultural producers. This information is also used to take action such as 

water rationing programs and to advise producers on what type of crops can be grown 

under limited amount of water. The next section discusses these actions taken by local 

institutional agencies in relation to technological systems that lead into the reduction of 

risk for agricultural producers. 

5.4.2! Discussing Technological Adaptations 

This section has identified specific technological adaptations for water storage and 

distribution mainly from two perspectives. One from changing the structure of the 

existing technology, which have been argued that could be the most rapid, economically, 

and efficient action. And second, the installation of a new technology or pattern, where 

there was no technology before. This option requires an implementation strategy for 

implementation according to existing plans and other technologies already in place. In 

addition, it was identified that drought was the major exposure that has been leading 

technological development, which confirms the ongoing strategy of the agricultural 

producer and local institutional agencies of continuously coping with dry conditions. In a 

less degree, flooding has also been present as a leading force to lead technological 

adaptation, mainly due to the impacts generated of excess of water.   

 

Technological adaptation is an important strategy for agricultural producers, as well as 

for local institutional agencies. These adaptations can be understood as changes in 
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structure of the technological systems to improve current benefits, or as the installation of 

new technological system. Three main adaptive actions were identified, including 

technological upgrading, water needs, and monitoring of water flows. This section has 

identified that the majority of the adaptation actions in the technological upgrading factor 

are based on changes in structure of existing technology with a 67% of the total number 

of response, in contrast with the installation of new technologies with 32.5%. Authors 

such as Rosenberg (1992) suggests that under climate uncertainty of climate variability 

and change is likely to focus more the attention on improving existing technologies 

because this option usually allows a more rapid adaptation to abrupt changes such as an 

extreme climate event. 

 

Not of less importance is the installation of technologies (also called new patterns) in 

places where there was not before. This option can take more time to implement and to 

include adequate technological and water management since a new technological 

adaptation demands an implementation strategy, including the maintenance factor. It also 

needs other considerations such as strategic location, which has been identified in this 

research. This adaptive option is as important as the changes in structure, but may require 

additional planning, and its implementation may not be as rapid as changes in structure of 

existing technologies. This option has been more evident to meet water needs, in 

particular, in early 1900s. This is still an ongoing option for producer to reduce their risks 

to drought, especially with technologies for water storage as they are more in demand 

during periods of severe shortage of water.  

 

The literature review has identified the improvement of technology as a major strategy 

for adaptation. It is clear that newer technologies are likely to improve water efficiencies 

to manage the excess and shortage of water for storage and distribution. However, there 

is little description and differentiation on how these improved technologies should be 

approached to reduce the risks of social systems such as agricultural producers’ 

populations under a context of climate variability, uncertainty, and extreme climate 

conditions. This research suggests that this approach could be based on whether to focus 

on existing technologies or on the installation of technologies where there was no 
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technology before. This research has also pointed out that current major efforts are 

allocated in changes of structure of technological systems and likely,  a mechanism for 

rapid adaptation as suggested by Rosenberg (1992). FAO (2007) also considers it 

appropriate to adjust existing technology to ongoing changing conditions, but in an 

appropriate rate with shorts steps for implementation.  

 

Both approaches are important to cope with climate extreme events and reduce 

vulnerability. However, before making decisions on changes and installing a technology, 

it is important to assess the current status of the technology as inadequate use of the 

existing technology may be occurring, leading into inefficiencies on water management. 

It was identified that irrigation canals and reservoirs are managed to deliver water to 

water users, including agricultural producers, which has been very beneficial to cope with 

dry conditions. However, when there are changes of water flows, leading into a great 

excess of water in the delivering or storage system, there is no management to control 

this excess of water, consequently leading to or intensifying current flooding conditions. 

Better management of existing technology or the installation of new technologies could 

reduce the costs of making any changes as existing technology may not be used to its full 

performing capacity as designed. 

 

The role of economic considerations must be acknowledged when discussing 

technological adaptation actions. Economic resources as one of the determinants of 

adaptive capacity affect technological adaptation of agricultural producers. Technological 

solutions may be always available but it may not always be feasible or affordable for 

agricultural producers or local institutions. As discuss by Adger et al. (2007 and 

Kundzewicz et al. (2007) technological solutions may be available cope with climate 

variability but they may be too expensive to be implemented and not aligned with the 

local economic context. This certainly affects the adaptive capacity of agricultural 

producers at the moment to make decisions regarding specific technologies to choose in 

order to cope with flooding and drought.  
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Either changing the structure of a technological systems or implementing a new pattern 

implies an economic input and in the context of climate variability and extreme 

exposures, economic capital may play a greater role. In the case of changing structure, 

which considers rapid changes in the technological system, economic resources would 

have to be available within a short time period of time. In the case of the new patterns or 

technologies, there may be more time to plan to implement and spend economic 

resources for technological solutions where there was no before. In either case, it would 

be important to consider funds in projected budgets to rapidly response to climate 

exposures to technological systems. 

 

Agricultural producers with different resources may choose to adapt differently in regards 

technological options. Information on resources such as land owned and income was 

collected in the in the demographic section (5.1.1 Demographics Agricultural Producers). 

Tables 10 and 11 show the diversity of respondents in terms of economic resources. Even 

though, this research focus on technology as a concept and its challenges to adapt, it 

recognizes that economic capital plays a role in the decision of technological adaptations 

as agricultural producers have to manage different on-farm resources to deal with daily 

activities as well as ongoing and unexpected changes in climate. The ability of the 

agricultural producers and the access to financial support is a great component in 

technological adaptation and it should be considered in further research.   

 

In addition, the size of farms also plays an important role in relation to technological 

adaptation as large farms encourage agricultural producers to adopt newer and improved 

technologies to manage more efficiently their on-farm resources as suggested by Putler 

and Zilberman (1988). Depending on the specific activity of the agricultural producer 

(e.g. rancher) and farm size, more efficient ways to storage and distribution water are 

needed. In the context of climate extreme events, these technologies in larger farms may 

play a greater role since the impact of flooding and drought could impact extended 

portions of land. In this perspective, economic resources are also important to cover the 

costs of technological resources to either change physical structure of existing 
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technologies or implement new technologies. As the farm size grows, there should be 

enough income to use it on technological adaptation.  

 

Larger farms demand a greater amount of economic resources to deal not only with daily 

agricultural activities but also with the impacts of flooding and drought. According to 

table 10, there are four producers with the largest land extension (more than 5000 acres), 

who should be able to have enough economic capital to rapidly respond to climate 

extreme exposures. In particular responses in the demographic sheets, it is shown that the 

larger the land, the greater the income. Even though there are no enough respondents to 

correlate and conclude this. Respondents in larger farms have economic resources to cope 

with extreme climate exposures. On the other hand, smaller land extension farms may not 

able to financially resist severe climate exposures, as economic resources may be limited 

to cope with climate extreme events. These agricultural producers should be more 

efficient with managing resources and making decision on technological actions to 

reduce their vulnerability. To increase their adaptive capacity may be more challenging.  

 

In any of the the cases, either in large or smaller land sizes, agricultural producers count 

with the other type of resources such as social and human capital which contributes to the 

increase of adaptation. It is the ability of the agricultural producers through their 

knowledge, skills, and educations to properly manage their economic capital and also 

technological resources. Next section discusses the social and human capital and their 

role on technological adaptation.  

5.4.3! Social and Human Capital Considerations for Technological Adaptation 

The following section presents the responses of the 15 agricultural producers interviewed 

in regards to the knowledge on technology at the community and at the individual level. 

It is important to note that the interviews were asked in the context of climate extreme 

events and as described before, the questions were part of a larger set of questions in the 

Community Vulnerability Assessment of the VACEA project. The first section of this 

chapter has described the demographic characteristics of the agricultural producers in 

terms of age, years of farming, level of education, income, and status of farm 
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equipment/technology. This is important because it provides a better understanding on 

how agricultural producers make decision.  

 

In addition, agricultural producers were asked the source of their knowledge for new 

technologies, innovation methods and agricultural practices. Table 21 shows the type of 

source where the respondents received knowledge. The majority of the responses have 

been attributed to the private sector (8), and in less proportion from research (1), 

conferences (1), and training (1). This table is important because it shows the knowledge 

that agricultural producers used to make decisions on technology. As Adger (2003) 

discusses that the levels of decision-making in a society are not independent as they are 

embedded social processes that reflect the relationship between individuals, their 

networks, capabilities and social capital, and government institutions.  

 

Table 21 Type of source of knowledge in agricultural producers 
Knowledge Source Respondents 
Private sector 8 
Local institutions 5 
Experience 4 
Family 3 
Magazines 3 
Neighbours 2 
Research 1 
Conference 1 
Training 1 
Total responses 28 

 

The role of the private sector within the agricultural communities was shown to be an 

important component where the agricultural producers receive information and 

knowledge for technologies and agricultural practices. Some of this information has been 

directly received through business related to the agriculture industry, engineering firms, 

and trade shows. In particular, business can be very proactive in letting agricultural 

producers know about new technologies in the field. The connection between the private 

sector and agricultural producers has been beneficial for the development of technology 

and its improvement to reduce risks and vulnerabilities. Chapter Three has described this 

connection, where PVC manufacturers, irrigation districts, and agricultural producers 
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have been working together to implement a more suitable and more efficient way to 

deliver water for irrigation through buried PVC pipelines to avoid evaporation and 

seepage. In addition, the importance of the private sector for innovation in technology, 

where the industry and the market play an important role, has also been identified (Possas 

et al., 1996). 

 

The second source of knowledge mentioned has been local institutions. In particular, 

irrigation districts are the organizations that are encouraging agricultural producers to 

upgrade existing technologies in their farms. This could include the transition to newer 

pivot irrigation systems that use less energy consumption and less water to irrigate such 

as the low pressure drop-tube pivot sprinkler system. In Chapter Three, it has been 

described that this technology is the most predominant technology for irrigation in the 

study area with 65.8% of the total irrigated area. This technology is allowing 

improvement on not only water efficiency, but also water management, improving the 

productivity of the land. The increase of productivity for technological improvement has 

been identified by Hall (2003) as one of the biggest motivations for agricultural 

producers to improve technology. In addition, even though the provincial government is 

not considered a local institution, it provides knowledge to agricultural producers with 

specific requirements to design new dugouts and improve their performance to cope with 

dry conditions by reducing evaporation rates. 

 

Experience is another important component when learning about technology and 

agricultural practices involving technology. Four respondents mentioned the importance 

of experience in the field, which involves making mistakes in order to learn. As discussed 

by Dow and Reed (2011), agriculture allows opportunities for learning and building up 

knowledge by experimentally learning, and this process has led to the emergence of 

positive feedback loops for technological change. In addition, as discussed by Brooks 

(1980), what survives in regards to knowledge provides the foundations to produce new 

possibilities of solutions, including technology, for the next generation. Even though 

experience was not mentioned as one of the first sources of knowledge, taking into 

consideration the average age (62.8 years) of the respondents and the average years of 
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farming (39 years), this could be an indication that technology development can 

constantly occur in farming due to the amount of years in experience in the agricultural 

producers community.  

 

Another way to learn about technology or agricultural practices involving technologies is 

through the family. According to the respondents, the learning in the farm starts 

occurring at an early age when helping the parents in farming operations starts 

happening. This type of knowledge is more about traditional agricultural practices and 

technologies. One of the respondents stated that nowadays, current young generation are 

more involved with technology (e.g. smart phones and internet) and this has increased 

their connection to new technologies in farm practices. However, the disadvantage of 

this, as the same producers stated, is that it could lead younger generation to be more 

interested in another type of professional practice where agriculture is not involved. 

 

There is also indication that bonding social capital as defined by Adger (2003)  plays a 

major role in sharing information, in particular with older agricultural producers who can 

be reluctant to try new technologies and practices, as the average of the 15 respondents is 

62.8 years, which passes the average age of a farmer in Canada (Statistics Canada, 2012). 

For example, one of the respondents with 57 years of age (PC-CVA-02) discussed 

receiving information from the neighbours, since he considers himself conservative he 

has to observe someone else trying something new technologically before trying it 

himself.  

 

“I like to watch somebody else try things out. I’m a little bit conservative 

that way...I’m quite old fashion too. I kinda go with what works in this 

country” (PC-CVA-02). 

 

Social capital can be beneficial when there is a reluctance to change, in particular to older 

agricultural producers. If there is a strong community connection in terms of sharing 

knowledge, this could have the potential to increase the adoption of new technologies in 

older agricultural producers that could lead to improvement of efficiency or better 
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designs in technologies such as in on-farm irrigation systems and dugouts. As presented 

in the section Technological Vulnerabilities, these improvements could lead to the 

reduction of chances of failure in technologies.  

 

Moreover, as the private sector is providing more technical options for farming, including 

GPS system in machinery, these types of technology could be intimidating for older 

farmers, but interesting for younger ones. However, there may not be enough young 

producers in agriculture as the average of agricultural producers is more than fifty. This 

could represent a barrier to integrate older agricultural producers with modern technology 

as one respondent stated that younger generations in farming families are leaving for 

schooling and for higher paying jobs. From the technological adaptation perspective, it 

has been discussed by Reis (2004) that there is a connection between technology and the 

ability of humans to develop new skills. For example, he suggests that during the 

industrialization processes in societies, the lack of skills might encourage the adoption of 

capital intensive processes such as technological sophistication. Even though, the present 

analysis is related to generational issue, the introduction of more technical options in 

agriculture could promote the demand for human capital in the form of skill, training, 

and/or formal education.  

 

This particular example shows the connection that exists between human and 

technological capital as one is necessary for the other to develop. As new technology is 

introduced into agricultural markets, agricultural producers develop new skills and 

increase their ability to use new technologies. Younger generations could be able to 

introduce new technological solutions to older generation of farmers, in particular at the 

family level as shown in table 21. Agricultural producers provide with generational 

knowledge to their children on farming practices and technologies, and at the same time, 

their children provide to their parents with new technological solutions involving new 

devices such as smartphones and internet. This connection makes an impact on how 

agricultural producers make decision for technological solutions as their knowledge and 

skills expands allowing them to be open to more technological possibilities.    
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In contrast, there is an indication that for younger agricultural producers, a source of 

knowledge has been outside the community. For example, one of the youngest 

respondents with 17 years of farming has stated that he has learned agricultural practices 

from magazines and always been learning from different sources such as trade shows. In 

addition, another respondent who is renting his land to a 45 years old agricultural 

producer has stated that this producer has been trying new different technologies and 

agricultural practices, and he attributed this to his younger age comparing to the average 

age producer. This younger producer is also working closer to the private sector to 

improve technologies and practices. As described earlier, the role of private companies is 

very predominant in the study area in relation to technologies and agricultural practices.  

 

Finally, education level in agricultural producers also plays an important role in making 

decisions on technological solutions. According to Ensor and Berger (2009), case studies 

have shown that the level of literacy enhance adaptation. It is also important to improve 

the use of technology (Parris, 2010). Table 9 in the demographic section (5.1.1 

Demographics Agricultural Producers) shows that all the respondents (n=15) have 

completed high school diploma and almost half of the respondents have continued further 

education as courses (n=4) and bachelor degree (n=3). The factor of technological 

upgrades identified as the main factor for technological adaptation involves an 

comprehensive understanding of technology for water storage and distribution. The 

interviews showed that there is a deep understanding of technological systems and in 

combination with sources of knowledge either as bonding or bridging social capital, the 

process of making decision in changing of structure or installing new patterns is 

enhanced. The increase of education, skills, and knowledge extend the capacity of 

agricultural producers to understand the function of technological systems, including the 

technological management.  

 

 

5.4.4! Discussing Adaptation through Knowledge 

Chapter Two and Chapter Three had identified knowledge at the community and 

individual level in agricultural producers as important factors in technological adaptation. 
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Following, there is a further discussion on the importance of knowledge based on the 

previous section of social and human capital considerations. 

 

The first section of this chapter has included information of agricultural producers in 

relation to their formal education. The majority of the respondents (8) have mentioned 

that they have a high school diploma, followed by four respondents mentioning that they 

have received or taken courses in community classes, trades, or universities. The rest of 

the respondents (3) have completed a bachelor degree. Considering the average age of the 

total number of respondents (62.8 years), it is very unlikely that any of them completed a 

university degree or other type of diploma. There is a possibility that some of them 

receive a course in an institution. In addition, according to the results presented in the last 

section, there is an indication that these types of agricultural producers (mostly with high 

school diplomas, with an older age average, and with a great amount of years farming) 

rely greatly on the external knowledge for technology, including the private sector and 

local institutions. 

 

A combination of age, years of farming, and education provide agricultural producers 

with deep knowledge on technological adaptation either in changes of structures of 

existing technologies or in the implementation of new technological developments, as 

more experience in the field complemented with education as course and university 

degrees increases the level of understanding of agricultural practices and technologies. 

This allows agricultural producers to increase their confidence at the moment to make 

decisions on newer technologies. The study of Putler and Zilberman (1988) found that 

farmers with college degrees had higher probabilities to adoption of technologies with 

computer systems than farmers who had only elementary school education. The study 

concluded that the education of the farm operator is a factor to consider in choosing and 

adopting technology. However, there are also other factors that influence the adoption of 

technology, including farm products produced, size of the farming operation, and 

ownership of a farm-related business. Table 9 shows that 3 of 15 agricultural producers 

have achieved a bachelor degree. This suggests that the results found in technological 

adaptation have room to improve in terms of technological upgrades, water needs, and 
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monitoring water flows of technological systems to reduce the impacts of flooding and 

drought. 

 

It is important to note that age can also be a disadvantage regardless of the level of 

education and years of farming at the moment of making technological decisions. It has 

been pointed out by older agricultural producers that being close to the age of retirement 

generated reluctance to make any changes in current technologies and agricultural 

practices. This could increase the risk of financial lost in the case of technological failure. 

This could have negative implications and impacts not only at the farm level but also in 

other locations, increasing social vulnerability. However, the knowledge that older 

producer carry could be useful to younger generations, which are more open to 

implement changes or policy makers to improve current programs in regards technology.  

 

Moreover, results on sources for knowledge on technology shows that agricultural 

producers interviewed gain their knowledge from experience and family. These two 

sources have been mentioned after gaining knowledge from external sources (private 

sector and local institutions). There are several interpretations of this. For example, this 

might be an indication that agricultural producers prefer external knowledge over the 

knowledge that can arise through experience and within the farm or families. It could also 

be an indication that businesses in the agriculture industry and local institutions are very 

proactive when approaching agricultural producers. However, it is clear that agricultural 

producers place these two types of knowledge as important when learning about 

technological options for water storage and distribution. This also shows the importance 

that these types of sources have on knowledge and this has been identified as being 

important to increase adaptive capacity in social systems. Ensor and Berger (2009) 

pointed out that social systems have to be able to integrate their own knowledge of what 

it is working with new knowledge. This could be of great importance especially in the 

context of uncertainty of climate variability where more information and knowledge is 

needed to cope with unexpected changes.  

 



 

 145 

The previous section on technological adaptation has identified as the major factor for 

adaptation: technological upgrading (77%) mostly to cope equally with flood and drought 

events. In addition, this factor has predominant actions in relation to changes in structure 

of the existing technologies (67.5%). Some of these actions have included improving 

existing on-farm irrigation systems and dugouts. Agricultural producers have the power 

to make decisions on these technologies. The knowledge they could have on these 

systems will increase their chances to reduce risks related to climate extreme events. In 

addition, agricultural producers rely strongly on the knowledge on technology coming 

from the private sector and local institutions. This strengthens and extends their 

knowledge and their capacity to make better decisions and reduce risks of failure in 

technology. It is important to note that there could be an indication that approaching and 

gaining knowledge from the private sector and local institutions might be a quicker way 

to receive information since in the context of climate variability and extreme events, time 

to respond is very valuable to avoid the increase of risks due to potential inactions.    

 

Additional changes on the structure of existing technologies to reduce technological 

vulnerability in the factor of upgrading technology has included the rehabilitation of 

canals, increase storage capacity, reinforcement of technologies, including dugouts, 

dams, and reservoirs, and improvements and additions of spillways to canals, dams, and 

reservoirs. Some of the actions to improve the structure of these existing technologies 

already in place, are conducted by local institutions such as irrigation districts. However, 

agricultural producers are closely connected to these organization and technological 

upgrades are in consensus with them. Chapter Three has described this connection 

between irrigation districts and agricultural producers to reduce risks through 

technological actions. In addition, agricultural producers are the leaders of these 

organizations such as in water co-ops and irrigation districts. Therefore, their knowledge 

on technology is crucial in contributing to the decision making to reduce technological 

vulnerability, risks, and social vulnerability. 

 

The technological vulnerability section has also identified the installation or 

implementation of new technologies (also referring as new patterns), which have also 
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been of great importance for reducing technological vulnerabilities, in particular of the 

factors of design, technology and water management, and capacity. The installation of 

new technologies has also been identified to meet water needs, in particular during dry 

seasons, and water control systems to track water levels. The contribution of knowledge 

from producers is also important for this type of action. As described in the previous 

section on technological vulnerability, most of these actions are lead by local institutions 

such as irrigation districts where agricultural producers have a close connection. The 

knowledge these producers have gained are used in making decisions in relation to install 

or implement new technologies. The challenge for this type of technological adaptation is 

to integrate this knowledge in decisions, considering the time to respond and implement a 

new technology.  

 

Previous paragraphs show that both bonding and bridging social capitals are important 

for agricultural producers when making decision on technology. First, as shown in table 

21, bonding social capital exists as experience (4), family (3), and neighbours (2) within 

agricultural producers. Bonding social capital is valued for collective coping with climate 

extreme events (Adger, 2003) as agricultural producers share experiences and 

technological options. Responses have shown that sharing information on technology that 

works under extreme climate conditions has been beneficial for agricultural producers. In 

addition, there is an indication that this type of social capital contributes to dealing with 

uncertainty of climate variability because as discussed by Adger (2003) and Dale (2005) 

deliberative dialogues allow agricultural producers to take actions collectively, looking 

for mutual benefits and achieving common goals as individuals working together. 

 

Second, bridging social capital can also be identified through external source knowledge 

such as the private sector (8) and local institutions (5). Bridging social capital can be 

understood to vertical social capital in particular when related to local institutions (Van 

Kien, 2011; p.10) as by definition it includes relationships between communities and 

institutions (Grant, 2001; p.976). According to Adger (2003), this type of social capital is 

important for evolutionary adaptation. For example, as described in Chapter Three the 

PVC manufacturers have been working with irrigation districts to develop larger PVC 
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pipes to improve the delivery of water through irrigation canals. Another example 

includes the connection and knowledge sharing between irrigation districts and 

agricultural producers. Irrigation districts are actively encouraging them to upgrade 

existing irrigation systems to more efficient technologies.  

 

There is great value in including these two types of social capitals when making decision 

on technology. According to Newman and Dale (2005) both types of social capitals in a 

community improve the ability of a community to respond to an outside event (e.g. 

climate extreme event).  In particular, bridging social capital is important to adaptive 

capacity, and bonding social capital is an important component of coping with adverse 

impacts of climate change. It is important to note that according to table 21, there should 

be a combination between the use of bonding (e.g. family) and bridging social capitals 

(e.g. local institutions) with slightly more emphasis put on bridging social capital. This  

combination of these two social capitals have the potential to reduce vulnerability as 

Adger (2003) points out that the combination of these two social capitals allows 

communities to confront vulnerability.  

5.4.5! Conclusion 

This chapter has included two major sections: adaptation actions from a technological 

perspective, and social and human capital considerations. It has identified in the 

technological adaptation section two main actions, including changing the structure of 

existing technologies and implementing new technologies. It is concluded that these two 

actions are important for technological adaptation. However, in the context of climate 

extreme events, it appears that changes of structure of existing technologies is more 

predominant due to the time needed to respond during the occurrence of an extreme 

climate event. Both these actions require specific adaptation strategies, including the 

involvement of local intuitions and agricultural producers. In addition, the role of 

economic capital has been recognized as important factor in decisions for technological 

solutions as different economic resources allow to afford different types of technologies. 

 

It is in this perspective where the knowledge of agricultural producers is very valuable, in 

particular, where this knowledge is coming from. It is concluded that the knowledge from 
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the private sector and local institutions are very important because it strengthens the 

connection with producers at the moment to take adaptive actions. The exchange of 

information also contributes to enhance the knowledge for decision making and this 

reduces the chances to lead to maladaptations. Other institutions may also be important 

(e.g. provincial government) but the evaluation and analysis of this is beyond the scope of 

the thesis. It is also concluded that the combination between bonding and bridging social 

capital have been important and valued by agricultural producers for making decisions on 

technological options, and this has the potential to reduce vulnerability to climate 

extreme events.  

 

Finally, specific attributes of agricultural producers, including age, years of farming, and 

education are also important to provide more knowledge at the moment of making 

decisions for technological adaptation. A combination of of experience in the field with 

education provides increases the understanding of the implementation and use of 

technological systems.  

 

  



 

 149 

6! Conclusions & Recommendations 

6.1!  Conclusions 

Climate variability and extreme events have been present in Southern Alberta, which 

have had a number of impacts in the agricultural communities. This thesis has focused on 

the technological vulnerability caused by climate exposure. It identified two major 

climate exposures affecting technological development in the Oldman River Basin, 

including drought and flooding. Results have shown that 22% of the total responses in 

regards to the impacts on technology for water storage and distribution are attributed to 

droughts. This percentage from the impacts of drought on technology was significantly 

lower in comparison to the impacts of flooding (78%) (Table 14). The outcomes clearly 

indicate that technology is more vulnerable to the impacts of flooding, because 

oftentimes the associated technology is damaged and fails to hold-back and control the 

excess water, causing large impacts on agricultural producers and consequently, 

increasing their vulnerability. On the other hand the impacts of drought on technology, 

such as water losses due to evaporation from canals and reservoirs, are based mainly on 

the inability of the technology to reduce this loses. This does not impact the actual 

physical structure. Even though, drought is an intensive climate event that causes loss to 

the agricultural producers because of the lack of water, from the technological 

perspective, the impacts of drought on technology is not as detrimental as the impacts of 

excess of water. 

 

There is an indication that impacts of climate exposures on technology increases the 

vulnerability of the agricultural producers. The failures of technology, when exposed to 

severe drought and flooding were categorized in six major factors (5.3.1. Factors 

Affecting Technology and Table 14). It is concluded that these factors are considered 

essential components when taking actions for adaptation in the context of climate 

variability and climate extreme events. The impacts on design, inadequate technological 

actions, capacity, water and technology management, and maintenance generate higher 

vulnerability on agricultural producers because the technologies such as irrigation canals, 

culverts, are reservoirs cover large extensions and are also placed in locations where they 
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can affect a large number of producers, other technologies, buildings, equipment, and 

municipal infrastructure. The impacts and risks generated were valued according to the 

amount of producers affected and the level of impacts generated. The factor of 

performance is more focused on farms. However, it causes an impact on producers and it 

should also be considered when implementing technological adaptations. It was also 

concluded that actions related to factors such as design, inadequate technological actions, 

and capacity have been identified as maladaptation since these action have led to the 

increased risks and vulnerability of agricultural producers. Some of these actions have 

affected other areas increasing vulnerability where they were not intended to have any 

effect.  

 

From the technological adaptation perspective, adaptive actions for drought has been 

slightly higher (55%) than flooding (45%) (Table 17). Because of the dry nature of the 

study area, technological adaptations for drought are a constant strategy since early 

settlements in the Oldman River Basin. However, the increment of climate variability and 

rapid changes in water flows, dry conditions have been intensified, leading into the 

development of more technological adaptations, as well as improving and implementing 

at a higher speed existing strategies to cope with the impacts of drought. Likewise, 

technological adaptation for flooding has also been present to address the impacts of 

excess of water (e.g. increase storage capacity and reinforcement of technology such as 

dugouts, dams, and reservoirs). The impacts of flooding on technology represent 78% as 

described in the previous paragraph and almost at an equal percentage (45%) of the 

technological adaptive actions in comparison with drought. It is concluded that both 

flooding and drought are exposures that lead technological development. Technological 

adaptation for drought is led not only due to the nature of the dry conditions of the region 

but also for the intensification of climate variability, being a combination of proactive 

with reactive actions, while technological adaptation for flooding responds to a great 

portion to the impacts of excess of water on technology, being more reactive than 

proactive process.  
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This research also concludes that a large portion of the technological adaptations are 

based on changes on the structure of existing technologies in particular technological 

upgrades (5.4.1 Factors Leading Technological Adaptation and Table 18). In the context 

of climate variability and extreme events, this is an important consideration since there is 

little time to adapt and to cope with climate events. Technological upgrades are very 

predominant to respond to water-related climate extreme events and 67% of these 

adaptations are based on changed of structure (e.g. increasing storage capacity and 

improvements of canals). The installation of new technologies or patterns have also been 

present but less predominant (e.g. installation of culverts in new location) but it takes 

more time for implementation. The installation of new technologies is recommended as it 

includes newer versions and better implementations techniques. However, it is greatly 

encouraged to consider improving existing technologies not only by physical structure 

but also management. It has been identified that technologies such as reservoirs are 

managed to storage water but not for flood control. The inclusion and improvement of 

management can improve the use of existing technology before deciding to install a new 

physical structure.  

 

This research also concluded that there is an indication that both changes in structure and 

installation of new technologies have reduced the impacts of climate exposure, as well as 

the risks on agricultural producers (5.4.1 Factors Leading Technological Adaptation). 

These adaptive actions have been implemented to address failures on design, capacity, 

inadequate technological actions, maintenance, and technology and water management. 

In particular, control of water has been of great importance to address during periods of 

excess of water, which is related to design and the irrigation canal technology. The factor 

of design has also been included in the adaptive action conducted by local institutions 

through integrated plans. Failure to address control of water has a great impact in large 

extension of agricultural land and created a great number of vulnerabilities for 

agricultural producers. These considerations have been a priority and are leading 

technological adaptation and development in the study area. 
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Of great importance is the role of social and human capital, as these two capitals provides 

knowledge within agricultural producers to enhance adaptation options in relation to 

technologies for water storage and distribution. This knowledge has also been identified 

to be important for making decisions for changes in structure of existing technologies 

(e.g. improve technology efficiencies) and also for the installation of implementation of 

new technologies (new storage facilities). It is important to consider that these two types 

of actions have different types of approach as changing the structure of an existing 

technology might demand rapid actions to cope faster with climate exposures. 

 

In addition, the research points to the importance of knowledge gained from the private 

sector and local institutions as predominant in supporting agricultural producers to effect 

positive change and improve adaptive capacity. Additional information and knowledge 

shared through experience and families were also noted as key sources of change and 

capacity. This shows that agricultural producers interviewed consider gaining knowledge 

from outside the community but also from within. The integration of knowledge between 

local and external knowledge has been considered to be important to strengthen the 

adaptation actions. The exchange of information gained also contributes to enhance the 

knowledge for decision making and this reduces the chances of maladaptations. In this 

perspective, it is also concluded that a combination of bonding and bridging social 

capitals are valued by agricultural producers to make decisions on technological options, 

and this has the potential to reduce vulnerability to climate extreme events.  

 

Moreover, the research results clearly highlight the vital connection between technology 

development and increasing agricultural producer resilience. These improvements are 

primarily achieved through changes to the structure of existing technology since this 

approach allows for rapid adaptation to unanticipated extreme climate exposures. The 

research also shows that installation of new technologies supports successful adaptation, 

although this approach has not been commonplace in the context of reducing impacts of 

climate variability and extreme climate events.  
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Finally, the interdisciplinary nature of this thesis contributes to the development of 

technological systems for water storage and distributions as it increases its ability to cope 

with climate extreme exposures such as flooding and drought. Understanding 

technological vulnerabilities and the connection with social and human capitals enhance 

the process of decision making when specific actions are taken either in changes of 

structures of existing technologies or implementing new technologies. Technological 

systems can be developed with a wider range of present and futures considerations, 

making the technology more flexible to adjust to ongoing climate variations and other 

environmental changes. This process also allows to adjust to economic and social 

changes over time. As time move forward, technological systems have to be flexible 

enough to adjust to these changes and to reduce its vulnerability and the vulnerability of 

social systems. This interdisciplinary research is important because it contributes to the 

understanding of the interaction of two disciplines and where this interaction can be 

enhanced for future technological considerations. 

6.2! Limitations and Recommendations 

This research also identifies limitations that lead into recommendation for further 

research, which should be considered to complement the conclusion on vulnerabilities of 

technological and agricultural producers. First, because the technological systems in the 

study area are very well interconnected, in particular in water distribution, it involves the 

participation of different actors, including provincial government representatives. For the 

interviews, provincial governments were not included. The literature review and 

information provided by some of the respondents show that provincial government play a 

role in technology vulnerability and adaptation. It is recommended research on the role of 

provincial government with technology, and vulnerability of agricultural producers. 

 

It is also recommended to include gender considerations at the moment of selecting 

respondents and conducting interviews for future research in order to ensure an equal 

proportion between female and male respondents. This will also ensure further 

impartiality in the answers provided in the questions regarding technological 

development, use, and adaptation. In addition, it is important to note that the respondents 



 

 154 

were chosen according to their relation to technology for water storage and distribution, 

and how this interacts with extreme climate conditions. However, it is acknowledged that 

there are differences within the study area in relation to different variable such as 

geography, weather, and different type of operation (e.g. ranching, mixed farmers, 

cropping farmers). If these variables are taking into consideration, it may impact the 

results of this research in term specific recommendation for particular technologies. This 

research has centered the attention in technology as a concept. In order to identify 

specific connections between particular technologies and type of producers, it is 

recommended to conduct research focusing on specific technologies used by types of 

operation and other variables according to land, weather, and geographic conditions.  

 

Moreover, it was important to investigate the technology determinant of adaptive 

capacity to identify specific impacts and vulnerabilities. This thesis also included social 

and human considerations for technological adaptation. This has allowed understanding 

of how technology changes over time and how it can reduce vulnerability in agricultural 

producers’ communities. However, it also important to conduct further research of the 

other determinants of adaptive capacity in relation to technology in the context of climate 

variability and climate extreme events. For example, economic capital also plays a 

significant role when making decisions in technological adaptation and it should be 

considered when evaluating technological solutions to cope with climate exposures.   

 

The combination of knowledge with economic resources is important to make decisions 

and manage on-farm technological resources more effectively to rapidly cope with 

flooding and drought. Both larger and smaller farms could be benefit greatly from this 

combination. It is recommended to conduct further research in the benefits of economic, 

social, and human capital and their interaction with technological adaptation. 

 

The identification of technological solutions is necessary to reduce risks and 

vulnerabilities. However, it is also important to conduct further research in the 

implementation of these solutions during this process as unexpected climate conditions, 

along with abrupt and rapid changes of water flows are increasingly occurring. It is in this 
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context, that experiences in maladaptation have shown that rather to reduce risks, 

technological adaptation can increase risks if not implemented properly. Likewise, further 

research is suggested in regards the connection between the implementation of 

technological and future climate models. Further research and understanding on this 

connection have the potential to reduce the impacts and risks on technology and 

agricultural producers’ populations. 

 

As existing technology for water storage and distribution is going to keep playing an 

important role for agricultural produces, it is also suggested further research in the 

improvement of existing physical structures of technological systems, as well as 

improvement in water and technology management. These adaptive actions can certainly 

increase the effectiveness and efficiency of technological systems already implemented. 

It can also increase their optimum used to rapidly respond and cope better with the 

impacts of climate exposure. In particular, improvements on management when there is 

an excess of water to control flooding, as current management practices are more focused 

on water management for storage and delivering, leaving a gap when during the 

occurrence of flooding events. In addition, it is suggested to investigate further the role of 

different non-governmental organizations such as conservation groups in the 

development of technology. These organizations work toward the improvement of 

adaptive practices on natural resources such as soil and water. These organizations also 

have the potential to influence changes in the physical structure of technological systems, 

as well as the implementation of new technologies for water storage and distribution. 

These organizations can provide another perspective in technology development as their 

interest could be more related to the environment.   

 

Finally, methodologically this research was based on semi-structured qualitative 

interviews to identify conclusions on the technological failure and adaptive actions. 

However, the outcomes are not statistically representative and therefore the conclusions 

need to be taken as such. Confirmatory analyses can be used to confirm these results and 

applied as the basis to further quantitative research into the area.  

  



 

 156 

References 
Adger, W. N., Arnell, N.W., & Tompkins, E.L. (2005). Successful adaptation to climate 

change across scales. Global Environmental Change, 15(2), 77–86.  
Adger, W. N. (2003). Social Aspects of Adaptive Capacity. In Climate Change, Adaptive 

Capacity and Development (pp. 29–49). Imperial College Press. 
Adger, W. N. (2006). Vulnerability. Global Environmental Change 16: 268-281 

Adger, W. N., Agrawala, M. M. Q., Mirza, C., Conde, K., O’Brien, J., Pulhin, R., … 
Takahashi, K. (2007). Assessment of adaptation practices, options, constrains and 
capacity. Climate Change 2007: Impacts, Adaptation and Vulnerability. 
Contribution of Working Group II to the Fourth Assessment Report of the 
Intergovernmental Panel on Climate Change, M.L. Parry, O.F. Canziani, J.P. 
Palutikof, P.J. van der Linden and C.E. Hanson, Eds., Cambridge University 
Press, Cambridge, UK, 717-743.  

Agriculture and Agri-Food Canada. (2012). Drought Watch. Government of Canada. 
Retrieved May 19, 2015, from http://www.agr.gc.ca/eng/?id=1326987176314 

Agriculture and Rural Development Irrigation and Farm Water Division Basin Water 
Management Branch. (2015). Major Irrigation Works within Southern Alberta. 
Retrieved from 
http://www1.agric.gov.ab.ca/$department/deptdocs.nsf/all/irr12911/$file/detailed
_districts_major_I.pdf?OpenElement 

Alberta Agriculture. (2015). Maintenance and Cleaning of Drip Irrigation Systems at the 
End of Season. Retrieved August 21, 2015, from 
http://www1.agric.gov.ab.ca/$department/deptdocs.nsf/all/opp4591 

Alberta Agriculture and Food. (2007). Quality Farms Dugouts (2nd ed.). Prairie Water 
News. 

Alberta Agriculture and Rural Development. (2004). Irrigation in Alberta (report). 
Retrieved from http://www1.agric.gov.ab.ca/$department/deptdocs.nsf/all/irr7197 

Alberta Agriculture and Rural Development. (2008). Drought Proofing Farm Water 
Supplies [fact sheet]. Retrieved June 11, 2015, from 
http://www1.agric.gov.ab.ca/$department/deptdocs.nsf/all/agdex1350 

Alberta Agriculture and Rural Development. (2010). Alberta Irrigation Information. 
Facts and Figures for the Year 2009. Government of Alberta. Water Resources 
Branch. Irrigation and Farm Water Division. 

Alberta Agriculture and Rural Development. (2011). Agri-Facts. Practical Information 
for Alberta’s Agriculture Industry. Irrigation Scheduling for Potato n Southern 
Alberta. Retrieved from 
http://www1.agric.gov.ab.ca/$department/deptdocs.nsf/all/agdex13571 

Alberta Agriculture and Rural Development. (2013a). Case Study: Using a VFD Pump 
with a Corner Arm Centre Pivot (On-Farm Energy Management Program). 



 

 157 

Alberta Agriculture and Rural Development. (2013b). Fact Sheet - Growing Forward 2 
On-Farm Water Management Program (No. Version 1.1) (p. 6). 

Alberta Agriculture and Rural Development. (2014). Alberta’s Irrigation - A Strategy for 
the Future. Lethbridge, Alberta, Canada: Irrigation and Farm Water Division, 
Alberta Agriculture and Rural Development. 

Alberta Agriculture, Food and Rural Development. (2004). Irrigation Development in 
Alberta. Water Use and Impact on Regional Development. St. Mary River and 
“Southern Tributaries” Watersheds (International Joint Commission 
Submission). 

Alberta and Sustainable Resource Development. (2014). Alberta’s River Basins. 
Retrieved from 
http://www.environment.alberta.ca/apps/basins/default.aspx?Basin=10 

Alberta Emergency Management Agency. (2012). Alberta Disaster Assistant Guidelines 
(Appendix A to Ministerial Order A 002/12) (p. 23). Government of Alberta, 
Municipal Affairs. Retrieved from 
http://www.aema.alberta.ca/images/Disaster_Assistance_Guidelines%282%29.pd
f 

Alberta Health Services. (2015). Mission & Strategic Direction. About AHS. Alberta 
Health Services. Retrieved October 21, 2015, from 
http://www.albertahealthservices.ca/190.asp 

Alberta Irrigation Project Association. (n.d.). Irrigation Sector. Conservation, Efficiency, 
Productivity Plan 2005-2015. Retrieved from http://www.aipa.ca/wp-
content/uploads/2013/11/AIPA-CEP-Final-Version-1.pdf 

Alberta Irrigation Project Association. (2013). Research. Alberta Irrigation Project 
Association. Retrieved from http://www.aipa.ca/what-we-do/research/research/ 

Alberta Southwest. (n.d.). Municipal District of Pincher Creek - Alberta SouthWest 
Regional Alliance. Retrieved July 27, 2015, from 
http://www.albertasouthwest.com/municipal_district_of_pincher_creek 

Alberta Transportation. (2004). Culvert Sizing Considerations. Retrieved from 
http://www.transportation.alberta.ca/Content/doctype30/Production/ClvSizConsid
.pdf 

Aldy, J. E., Hrubovcak, J., & Vasavada, U. (1998). The role of technology in sustaining 
agriculture and the environment1. Ecological Economics, 26(1), 81–96.  

Ali, M. K., & Klein, K. K. (2014). Water Use Efficiency and Productivity of the 
Irrigation Districts in Southern Alberta. Water Resources Management, 28(10), 
2751–2766.  

AMEC Earth & Environmental. (2007). Water for Life: Current and Future Water Use in 
Alberta (p. 627). Alberta Environment. Retrieved from 
http://www.assembly.ab.ca/lao/library/egovdocs/2007/alen/164708.pdf 



 

 158 

AMEC Earth & Environmental. (2009). South Saskatchewan River Basin in Alberta - 
Water Supply Study. Alberta Agriculture and Rural Development. Lethbridge, 
Alberta. 

Barnett, J., & O’Neill, S. (2010). Maladaptation. Global Environmental Change, 20(2), 
211–213. 

Basalla, G. (1988). The Evolution of Technology. Cambridge [Cambridgeshire]!; New 
York: Cambridge University Press. 

Bates, B., Kundzewicz, Z., Wu, S., & Palutikof, J. (2008). Climate Change and Water. 
Technical Paper of the Intergovernmental Panel on Climate Change, IPCC 
Secretariat, Geneva, 210 pp. 

Becker, G. S. (1964). Human capital; a theoretical and empirical analysis, with special 
reference to education. New York: National Bureau of Economic Research; 
distributed by Columbia University Press. 

Berkes, F., & Folke, C. (2000). Linking Social and Ecological Systems for Resilience and 
Sustainability. In Linking Social and Ecological Systems (pp. 1–25). Cambridge 
University Press. 

Birkmann, J. (2006). Measuring Vulnerability to Promote Disaster-Resilient Societies: 
Conceptual Frameworks and Definitions. In Measuring Vulnerability to Natural 
Hazards: Towards Disaster Resilient Societies (pp. 9–54). United Nations 
University Press, New York. 

Bjornlund, H., Nicol, L., & Klein, K. K. (2009). The adoption of improved irrigation 
technology and management practices—A study of two irrigation districts in 
Alberta, Canada. Agricultural Water Management, 96(1), 121–131.  

Brooks, H. (1980). Technology, Evolution, and Purpose. Daedalus, 109, 65-81. 

Burton, I., Huq, S., Lim, B., Pilifosova, O., & Schipper, E. L. (2002). From impacts 
assessment to adaptation priorities: the shaping of adaptation policy. Climate 
Policy, 2(2-3), 145–159. 

Byrne, J., Kienzle, S., Johnson, D., Duke, G., Gannon, V., Selinger, B., & Thomas, J. 
(2006). Current and future water issues in the Oldman River Basin of Alberta, 
Canada. Water Science & Technology, 53(10), 327–334.  

Capra, F. (1996). The web of life: a new scientific understanding of living systems (1st 
Anchor Books ed). New York: Anchor Books. 

City of Lethbridge. (n.d.). Watershed/ River Valley. Retrieved May 29, 2016, from 
http://www.lethbridge.ca/living-here/water-wastewater/Pages/Watershed.aspx 

County of Lethbridge. (2009). Integrated Community Sustainability Plan. Oldman River 
Regional Services Commission. Retrieved from 
http://www.lethcounty.ca/home/showdocument?id=256 

County of Lethbridge. (2010). Municipal Development Plan Bylaw #1331. 

County of Lethbridge. (2015). Lethbridge County. Retrieved July 23, 2015, from 
http://www.lethcounty.ca/home 



 

 159 

Cutter, S. L., Barnes, L., Berry, M., Burton, C., Evans, E., Tate, E., & Webb, J. (2008). A 
place-based model for understanding community resilience to natural disasters. 
Global Environmental Change, 18(4), 598n606. 

Dale, A. (2005). Social Capital and Sustainable Community Development: Is There a 
Relationship? In A. Dale & J. Onyx, Social Capital and Sustainable Community 
Development. A Dynamic Balance. Vancouver: UBC Press. 

Department for International Development. (1999). Sustainable Livelihoods Guidance 
Sheets: Section 2. In Introduction to the Sustainable Livelihoods Framework. 
Retrieved from 
http://www.eldis.org/go/topics&id=41739&type=Document#.VZ2hKShqk5d 

Derry, T. K., & Williams, T. I. (1993). A short history of technology: from the earliest 
times to A.D. 1900. New York: Dover Publications. 

Dorf, R. C. (2001). Technology, humans, and society: toward a sustainable world. San 
Diego: Academic Press. 

Dow, G. K., & Reed, C. G. (2011). Stagnation and innovation before agriculture. Journal 
of Economic Behavior & Organization, 77(3), 339–350.  

Easterling, W. E., Aggarwal, P., Batima, K. M., Brander, L., Erda, S. M., Howden, A., … 
Tubiello. (2007). Food, fibre and forest products. Climate Change 2007: Impacts, 
Adaptation and Vulnerability. Contribution of Working Group II to the Fourth 
Assessment Report of the Intergovernmental Panel on Climate Change. In 
Climate Change 2007: Impacts, Adaptation and Vulnerability. 

Edwards, P. N. (2003). Infrastructure and Modernity. In T. J. Misa, P. Brey, & A. 
Feenberg (Eds.), Modernity and Technology (pp. 185–225). Cambridge, Mass: 
MIT Press. 

English, M. J., Solomon, K. H., & Hoffman, G. J. (2002). A Paradigm Shift in Irrigation 
Management. Journal of Irrigation & Drainage Engineering, 128(5), 267. 

Ensor, J., & Berger, R. (2009). Understanding Climate Change Adaptation: Lessons from 
Community-Based Approaches. UK: Practical Action Publishing. 

Fankhauser, S., & Tol, R. S. J. (1997). The Social Costs of Climate Change: The IPCC 
Second Assessment Report and Beyond. Mitigation and Adaptation Strategies for 
Global Change, 1(4), 385–403.  

Fereres, E., & Soriano, M. A. (2006). Deficit irrigation for reducing agricultural water 
use. Journal of Experimental Botany. 

Food and Agriculture Organization of the United Nations. (2007). Modernizing Irrigation 
Management - the MASSCOTE Approach. Mapping System and Services for 
Canal Operation Techniques. FAO Irrigation and Drainage Paper 63. Retrieved 
from http://www.fao.org/3/a-a1114e.pdf 

Food and Agriculture Organization of the United Nations. (2013). Climate-Smart 
Agriculture Sourcebook. Retrieved May 25, 2015, from 
http://www.fao.org/docrep/018/i3325e/i3325e00.htm 



 

 160 

Gilpin, F. J., & St. Mary’s Irrigation District. (2000). Quenching the Prairie Thirst. 
Lethbridge, Alta: St. Mary’s Irrigation District. St. Mary’s Irrigation District. 

Global Water Partnership. (2006). Taking an integrated approach to improving water 
efficiency (Technical Briefs). Global Water Partnership. 

Government of Alberta. (1985). Castle River. Sub-Regional Integrated Resource Plan 
(Technical Report No. T/1 - No. 12) (p. 113). 

Grant, E. (2001). Social Capital and Community Strategies: Neighbourhood 
Development in Guatemala City. Development and Change, 32(5), 975ent an 

Hall, A. (2003). The Adoption of Conservation Tillage: An Understanding of the Social 
Context. In Farm Communities at the Crossroads: Challenge and Resistance (pp. 
267–285). 

Hallegatte, S. (2009). Strategies to adapt to an uncertain climate change. Global 
Environmental Change, 19(2), 240–247. 

Harker, B., Lebedin, J., Goss, M., Madramootoo, C., Neilsen, D., Paterson, B., & van der 
Gulik, T. (2004). Land-use practices and changes - Agriculture. In Threats to 
Water Availability in Canada (pp. 49–55). 

Howden, S. M., Soussana, J.-F., Tubiello, F. N., Chhetri, N., Dunlop, M., & Meinke, H. 
(2007). Adapting agriculture to climate change. Proceedings of the National 
Academy of Sciences of the United States of America, 104(50), 19691–19696. 

Huffman, W. E. (2001). Chapter 7 Human capital: Education and agriculture. In B. L. G. 
and G. C. Rausser (Ed.), Handbook of Agricultural Economics (Vol. 1, Part A, pp. 
333–381). Elsevier. 

IPCC. (2000). Annex B. Glossary of Terms. In Methodological and Technological Issues 
in Technology Transfer. Cambridge University Press, UK. pp 432. Retrieved from 
https://ipcc.ch/ipccreports/sres/tectran/index.php?idp=362 

IPCC. (2001). Climate Change 2001: Impacts, Adaptation & Vulnerability: Contribution 
of Working Group II to the Third Assessment Report of the IPCC. In J. J. 
McCarthy, O. F. Canziani, N. A. Leary, D. J. Dokken and K. S. White, eds. 
Cambridge, UK: Cambridge University Press. 1032 pp.  

IPCC. (2007a). Climate Change 2007: AR4 Synthesis Report. Contribution of Working 
Groups I, II and III to the Fourth Assessment Report of the Intergovernmental 
Panel on Climate Change [Core Writing Team, Pachauri, R.K and Reisinger, A. 
(eds.)]. IPCC, Geneva, Switzerland, 104 pp. Retrieved November 24, 2014, from 
http://www.ipcc.ch/publications_and_data/ar4/syr/en/contents.html 

IPCC. (2007b). Climate Change 2007: Mitigation. Contribution of Working Group III to 
the Fourth Assessment Report of the Inter- Governmental Panel on Climate 
Change [B. Metz, O.R. Davidson, P.R. Bosch, R. Dave, L.A. Meyer (eds)], 
Cambridge University Press, Cambridge, United Kingdom and New York, NY, 
USA., 851 pp. 

IPCC. (2014). Climate Change 2014: Impacts, Adaptation, and Vulnerability. Part A: 
Global and Sectoral Aspects. Contribution of Working Group II to the Fifth 



 

 161 

Assessment Report of the Intergovernmental Panel on Climate Change [Field, C.B., 
V.R. Barros, D.J. Dokken, K.J. Mach, M.D. Mastrandrea, T.E. Bilir, M. Chatterjee, 
K.L. Ebi, Y.O. Estrada, R.C. Genova, B. Girma, E.S. Kissel, A.N. Levy, S. 
MacCracken, P.R. Mastrandrea, and L.L. White (eds.)]. Cambridge University 
Press, Cambridge, United Kingdom and New York, NY, USA, 1132 pp.  

Irrigation Districts Act. (2000). Irrigation Districts Act: Chapter I-11. Province of 
Alberta. Retrieved from http://www.qp.alberta.ca/documents/Acts/I11.pdf 

Irrigation Water Management Study Committee. (2002a). South Saskatchewan River 
Basin: Irrigation in the 21st Century: Volume 1 Summary Report. Published on 
behalf of the Irrigation Water Management Study Steering Committee by the 
Alberta Irrigation Projects Association, Lethbridge, Alberta. Retrieved from 
http://www1.agric.gov.ab.ca/$department/deptdocs.nsf/all/irr4421 

Irrigation Water Management Study Committee. (2002b). South Saskatchewan River 
Basin: Irrigation in the 21st Century. Volume 3: Conveyance Water Management. 
Published on behalf of the Irrigation Water Management Study Steering 
Committee by the Alberta Irrigation Projects Association, Lethbridge, 
Alberta.Retrieved from 
http://www1.agric.gov.ab.ca/$department/deptdocs.nsf/all/irr4421/$FILE/irrig21c
ent_volume3.pdf 

Islam, Z., & Gan, T. Y. (2015). Future Irrigation Demand of South Saskatchewan River 
Basin under the Combined Impacts of Climate Change and El Niño Southern 
Oscillation. Water Resources Management, 29(6), 2091–2105.  

Jiménez Cisneros, B. E., Oki, T., Arnel, N. W., Benito, G., Graham, J., Doll, P., … 
Mwakalila, S. S. (2014). Fresh Resources. In Climate Change 2014: Impacts, 
Adaptation, and Vulnerability. Part A: Global and Sectoral Aspects. Contribution 
of Working Group II to the Fifth Assessment Report of the Intergovernmental 
Panel on Climate Change (pp. 229–269). 

Kanwar, R. (2009). Sustainable Water Systems for Agriculture and 21st Century 
Challenges. Journal of Crop Improvement, 24(1), 41–59. 

Kasperson, R. E., & Kasperson, J. X. (2005). Climate Change, Vulnerability, and Social 
Justice. In The Social Contours of Risk. London: Earthscan. 

Keeley, B. (2007). Human Capital. Paris: Organization for Economic Co-operation and 
Development [OECD]. OEDC, Paris. Retrieved from http://www.oecd-
ilibrary.org/content/book/9789264029095-en 

Kirkpatrick, G. (2008). Technology and Social Power. Basingstoke!; New York: Palgrave 
Macmillan. 

Kundzewicz, Z. W., Mata, L. J., Arnell, N. W., Doll, P., Kabat, P., Jiménez, B., … 
Shiklomanov, I. A. (2007). Freshwater resources and their management. Climate 
Change 2007: Impacts, Adaptation and Vulnerability. Contribution of Working 
Group II to the Fourth Assessment Report of the Intergovernmental Panel on 
Climate Change, M.L. Parry, O.F. Canziani, J.P. Palutikof, P.J. van der Linden 
and C.E. Hanson, Eds., Cambridge University Press, Cambridge, UK, 173-210.  



 

 162 

Lapp, S., Byrne, J., Townshend, I., & Kienzle, S. (2005). Climate warming impacts on 
snowpack accumulation in an alpine watershed. International Journal of 
Climatology, 25(4), 521–536. 

Leary, N., Adejuwon, J., Barros, V., Batimaa, P., Biagini, B., Burton, I., … Wehbe, M. 
(2008). A Stich in Time: General Lessons from Specific Cases. In Climate 
Change and Adaptation (pp. 1–27). Earthscan, London. 

Leedy, P. D., & Ormrod, J. E. (2005). Practical Research: Planning and Design (8th 
edition). Merrill Prentice Hall. 

Lethbridge Northern Irrigation District. (2011). Lethbridge Northern Irrigation District. 
Retrieved July 20, 2015, from http://www.lnid.ca/ 

Lethbridge Northern Irrigation District. (2015). Lethbridge Northern Irrigation District. 
Ninety-Fourth Annual Report 2014. (Annual General Meeting). Retrieved July 20, 
2015, http://www.lnid.ca/2014_lnid_annual.pdf 

Ljungberg, J. (2004). Technology and human capital in historical perspective. In 
Technology and human capital in historical perspective. Houndmills, 
Basingstoke, Hampshire!; New York, N.Y: Palgrave Macmillan. 

Lotze-Campen, H., & Popp, A. (2012). Agricultural Adaptation Options: Production 
Technology, Insurance, Trade. In O. Edenhofer, J. Wallacher, H. Lotze-Campen, 
M. Reder, B. Knopf, & J. Müller (Eds.), Climate Change, Justice and 
Sustainability (pp. 171–178). Springer Netherlands. 

MacDonald, R., Byrne, J., & Kienzle, S. (2010). The St. Mary River. In The New Normal 
(pp. 259–263). CPRC Press. 

Marshall, C., & Rossman, G. B. (2006). Designing Qualitative Research (4th ed). 
Thousands Oaks, Calif: Sage Publications. 

Marten, G. G. (2001). Human Ecology: basic concepts for sustainable development. 
London!; Sterling, VA: Earthscan Publications. 

Martin, B. (1996). Technological Vulnerability. Technology in Society, 18(4), 511–523.  
MD of Taber. (2010). About MD of Taber. MD of Taber. Retrieved July 14, 2015, from 

http://www.mdtaber.ab.ca/about-md-taber 
Mendelsohn, R., & Dinar, A. (2003). Climate, Water, and Agriculture, 79(3), pp. 328–

341. 
Mimura, N., Pulwarty, R. S., Duc, D. M., Elshinnawy, I., Redsteer, M. H., Huang, H. Q., 

… Sanchez, R. A. (2014). Adaptation Planning and Implementation. In: Climate 
Change 2014: Impacts, Adaptation, and Vulnerability. Part A: Global and 
Sectoral Aspects. Contribution of Working Group II to the Fifth Assessment 
Report of the Intergovernmental Panel on Climate Change [Field, C.B., V.R. 
Barros, D.J. Dokken, K.J. Mach, M.D. Mastrandrea, T.E. Bilir, M. Chatterjee, 
K.L. Ebi, Y.O. Estrada, R.C. Genova, B. Girma, E.S. Kissel, A.N. Levy, S. 
MacCracken, P.R. Mastrandrea, and L.L. White (eds.)]. Cambridge University 
Press, Cambridge, United Kingdom and New York, NY, USA, pp. 869-898. 



 

 163 

Mitsch, W. (1993). Ecological Engineering: A Cooperative Role with the Planetary Life-
Support System. Environmental Science & Technology, 27(3), 438–445. 

Mitsch, W. J., & Jørgensen, S. E. (2003). Ecological engineering: A field whose time has 
come. Ecological Engineering, 20(5), 363–377. 

Municipal Affairs Alberta. (2015a). Municipal Affairs Alberta: Municipal Profiles. 
Retrieved July 14, 2015, from 
http://www.municipalaffairs.alberta.ca/mc_municipal_profiles 

Municipal Affairs Alberta. (2015b). Municipal Affairs: Types of Municipalities in 
Alberta. Retrieved August 6, 2015, from 
http://www.municipalaffairs.alberta.ca/am_types_of_municipalities_in_alberta 

Municipal District of Pincher Creek. (2015). Municipal District of Pincher Creek. 
Retrieved July 27, 2015, from http://www.mdpinchercreek.ab.ca/ 

Municipal Government Act. (2000). Municipal Government Act: Chapter M-26. Province 
of Alberta. Retrieved from http://www.qp.alberta.ca/documents/Acts/m26.pdf 

Newman, L., & Dale, A. (2005). The role of agency in sustainable local community  
development. Local Environment, 10(5), 477–486. 

Nicol, L. A., Bjornlund, H., & Klein, K. K. (2008). Improved Technologies and 
Management Practices in Irrigation—Implications for Water Savings in Southern 
Alberta. Canadian Water Resources Journal / Revue Canadienne Des Ressources 
Hydriques, 33(3), 283–294. 

Nicol, L., Bjornlund, H., & Klein, K. K. (2010). Private Irrigators in Southern Alberta: A 
Survey of Their Adoption of Improved Irrigation Technologies and Management 
Practices. Canadian Water Resources Journal / Revue Canadienne Des 
Ressources Hydriques, 35(3), 339–350. 

Noble, I.R., S. Huq, Y.A. Anokhin, J. Carmin, D. Goudou, F.P. Lansigan, B. Osman-
Elasha, and A. Villamizar. (2014). Adaptation needs and options. In: Climate 
Change 2014: Impacts, Adaptation, and Vulnerability. Part A: Global and 
Sectoral Aspects. Contribution of Working Group II to the Fifth Assessment 
Report of the Intergovernmental Panel on Climate Change [Field, C.B., V.R. 
Barros, D.J. Dokken, K.J. Mach, M.D. Mastrandrea, T.E. Bilir, M. Chatterjee, 
K.L. Ebi, Y.O. Estrada, R.C. Genova, B. Girma, E.S. Kissel, A.N. Levy, S. 
MacCracken, P.R. Mastrandrea, and L.L. White (eds.)]. Cambridge University 
Press, Cambridge, United Kingdom and New York, NY, USA, pp. 833-868. 

Oldman River Intermunicipal Service Agency. (2000). Town of Coaldale - Municipal 
Development Plan (No. Bylaw No. 433-P-01-00) (p. 41). Retrieved from 
http://www.coaldale.ca/wp-content/uploads/2012/11/Coaldale-MDP-433-P-01-
00-Feb-2000.pdf 

Oldman River Regional Services Commission. (2002). Municipal District of Pincher 
Creek No. 9. Municipal Development Plan No. 1062-02. 

Oldman River Regional Services Commission. (2004). Municipal Development Plan 
Bylaw N0. 1723 - Schedule A. 



 

 164 

Oldman River Regional Services Commission. (2007). Oldman River Reservoir - Area 
Structure Plan. Bylaw No. 1120-06. 

Oldman Watershed Council. (2006). Battersea Drain Watershed Group. Battersea News, 
April, 2006. 

Oxford English Dictionary. (2015). system, n. OED Online. Oxford University Press. 
Retrieved from http://www.oed.com.libproxy.uregina.ca:2048/view/Entry/196665 

Palmer, R. (2003). Tractor Guidance Systems and the Family Farm. In Farm 
Communities at the Crossroads: Challenge and Resistance (pp. 259–266). 

Pardey, P. G., Alston, J. M., & Ruttan, V. W. (2010). Chapter 22 - The Economics of 
Innovation and Technical Change in Agriculture. In B. H. H. and N. Rosenberg 
(Ed.), Handbook of the Economics of Innovation (Vol. 2, pp. 939–984). North-
Holland. 

Parris, K. (2010). Water in agriculture: Improving resource management. Organization 
for Economic Cooperation and Development. The OECD Observer, (278), 29–30. 

Pincher Creek Emergency Services. (2015). Pincher Creek Emergency Services. 
Retrieved from http://www.pincherfire.com/ 

Possas, M. L., Salles-Filho, S., & da Silveira, J. (1996). An evolutionary approach to 
technological innovation in agriculture: some preliminary remarks. Research 
Policy, 25(6), 933–945. 

Public Safety Canada. (2013). Canadian Disaster Database. Retrieved October 23, 2014, 
from http://cdd.publicsafety.gc.ca/rslts-eng.aspx?cultureCode=en-
Ca&boundingBox=&provinces=1,12&eventTypes=’DR’,’FL’&eventStartDate=’
19000101’,’20141231’&injured=&evacuated=&totalCost=&dead=&normalizedC
ostYear=1&dynamic=false 

Putler, D. S., & Zilberman, D. (1988). Computer Use in Agriculture: Evidence from 
Tulare County, California. American Journal of Agricultural Economics, 70(4), 
790–802. 

Reis. (2004). Human Capital and Industrialization: The Case of a Latecomer - Portugal, 
1890. In Technology and human capital in historical perspective. Houndmills, 
Basingstoke, Hampshire!; New York, N.Y: Palgrave Macmillan. 

Ring, L. (2006). Irrigation Infrastructure Rehabilitation in Alberta; 38 Years of 
Government/Industry Copperation (Presentation at the CSBE/SCGAB 2006 
Annual Conference No. 06-143). Edmonton, Alberta: The Canadian Society for 
Bioengineering. 

Rosenberg, N. J. (1992). Adaptation of agriculture to climate change. Climatic Change, 
21(4), 385–405. 

Saffran, K. (2005). Oldman River Basin Water Quality Initiative. Surface Water Quality 
Summary Report. April 1998 - March 2003. Oldman River Basin. 

Saldaña, J. (2009). The coding manual for qualitative researchers. Los Angeles: Sage. 



 

 165 

Saskatchewan Environment. (2003). Supply, Quality and Use of Water in the Prairies 
Provinces. Keewatin Publications. Saskatchewan Edition. Canada. 

Sauchyn, D. (2010). Prairie Climate Trends and Variability. In D. Sauchyn, H. Diaz, & S. 
Kulshreshtha (Eds.), The New Normal: The Canadian Prairies in a Changing 
Climate (pp. 32–40). Regina: Canadian Prairie Research Center Press. 

Sauchyn, D., & Kulshreshtha, S. (2008). Prairies. In D. S. Lemmen, F. J. Warren, J. 
Lacroix, & E. Bush (Eds.), Impacts to Adaptation: Canada in a Changing Climate 
2007 (pp. 275–328). Ottawa, ON: Government of Canada. 

Sauchyn, D., & Kulshreshtha, S. (2010). Agricultural Adaptation Through Irrigation. In 
D. Sauchyn, H. Diaz, & S. Kulshreshtha  (Eds.), The New Normal: The Canadian 
Prairies in a Changing Climate (pp. 283–290). Regina: Canadian Prairie 
Research Center Press. 

Schindler, D. W., & Donahue, W. F. (2006). An Impending Water Crisis in Canada’s 
Western Prairie Provinces. Proceedings National Academy of Sciences 103(19) 
7210-7216. 

Smit, B., & Pilifosova, O. (2001). Adaptation to Climate Change in the Context of 
Sustainability and Equity. In Climate Change 2001: Impacts, Adaptation, and 
Vulnerability - Contribution of Working Group II to the Third Assessment Report 
of the Intergovernmental Panel on Climate Change [McCarthy, J.J., Canzianni, 
O.F., Leary, N.A., Dokken D.J. and White, K.S. (eds)]. Cambridge University 
Press, Cambridge, United Kingdom, pp. 877-912. 

Smit, B., & Pilifosova, O. (2003). From Adaptation to Adaptive Capacity and 
Vulnerability Reduction. In Climate Change, Adaptive Capacity and Development 
(pp. 9–28). London: Imperial College Press. 

Smit, B., & Wandel, J. (2006). Adaptation, adaptive capacity and vulnerability. Global 
Environmental Change, 16(3), 282-292. 

Smithers, J., & Blay-Palmer, A. (2001). Technology innovation as a strategy for climate 
adaptation in agriculture. Applied Geography, 21(2), 175–197. 

Smith, J. (1994). The Role of Technology in Agricultural Intensification: The Evolution 
of Maize Production in the Northern Guinea Savanna of Nigeria. Economic 
Development and Cultural Change, 42(3), 537–54. 

Spaling, H. (1995). Analyzing cumulative environmental effects of agricultural land 
drainage in southern Ontario, Canada. Agriculture, Ecosystems & Environment, 
53(3), 279–292. 

Statistics Canada. (2012). CANSIM - 004-0017 - Census of Agriculture, number of farm 
operators by sex, age and paid non-farm work, Canada and provinces. Retrieved 
October 19, 2015, from 
http://www5.statcan.gc.ca/cansim/a26?lang=eng&retrLang=eng&id=0040017&pa
ttern=004-0001..004-0017&tabMode=dataTable&srchLan=-1&p1=-1&p2=31 

St. Mary River Irrigation District. (2012). St. Mary River Irrigation District. Retrieved 
July 17, 2015, from http://www.smrid.ab.ca/index.html 



 

 166 

St. Mary River Irrigation District. (2015). Financial Statement and Annual Report 2014 
(Annual Meeting April 1, 2015) (p. 36). Heritage Inn, Taber, Alberta. Retrieved 
from http://www.smrid.ab.ca/SMRID%20Annual%20Report%202014.pdf 

Taber Irrigation District. (n.d.). Taber Irrigation District. Retrieved July 20, 2015, from 
http://www.taberirrigationdistrict.ca/ 

Taber Irrigation District. (2013). Irrigation Rehabilitation Program (Annual Rolling 
Three-Year Plan. 2014/2015 to 2016/2017). 

Taber Irrigation District. (2014). Strategic Plan 2014-2035. Retrieved from July 20, 
2015, from 
http://www.taberirrigationdistrict.ca/Documents/14%2003%2006%20CG%20TID
%20Strategic%20Plan%20Document%20-%20FINAL.pdf 

Taber Irrigation District. (2015). Taber Irrigation District 2014. 96th Annual Report and 
Financial Statement (Annual Meeting). Heritage Inn, Taber, Alberta. 

Thiessen, J. W., & Smith, R. F. (1982). Modernizing irrigation systems in Alberta. 
Canadian Journal of Civil Engineering, 9(2), 323–337. 

Tol, R. S. J., Bohn, M., Downing, T. E., Guillerminet, M., Hizsnyik, E., Kasperson, R., 
… Yetkiner, I. H. (2006). Adaptation to Five Metres of Sea Level Rise. Journal of 
Risk Research, 9(5), 467–482. 

Town of Coaldale. (2013). 2013 Census Information. Retrieved October 26, 2015, from 
http://www.coaldale.ca/2013-census-information/ 

United Nations. (2002). Plan of Implementation of the World Summit on Sustainable 
Development. United Nations. Retrieved May 24, 2015, from 
http://www.un.org/esa/sustdev/documents/WSSD_POI_PD/English/WSSD_PlanI
mpl.pdf 

United Nations Development Program. (2004). Reducing Disaster Risk: A Challenge for 
Development (No. ISBN 92-1-126160-0). New York: United Nations 
Development Program - Bureau for Crisis Prevention and Recovery. 

VACEA. (2012). VACEA - Home. Retrieved September 18, 2015, from 
http://www.parc.ca/vacea/ 

Van Kien, N. (2011). Social Capital, Livelihood Diversification and Household 
Resilience to Annual Flood Events in the Vietnamese Mekong River Delta 
(Research Report No. 2011-RR10) (p. 52). Australian Demographic and Social 
Research Institute, the Australian National University. Retrieved from https://idl-
bnc.idrc.ca/dspace/bitstream/10625/48825/1/IDL-48825.pdf 

Vogel, C., & O’Brien, K. (2004). Vulnerability and global environmental change!: 
rhetoric and reality. An information bulletin on global environmental change and 
human security, issue no. 13. GECHS Project, International Human Dimensions 
Programme on Global Environmental Change, Ottawa, ON, CA Retrieved from 
http://idl-bnc.idrc.ca/dspace/handle/10625/39859 

Wandel, J., Diaz, H., Warren, J., Hadarits, M., Hurlbert, M., & Pittman, J. (in press). 
Drought and Vulnerability: A Conceptual Approach. In H. Diaz, M. Hurlbert, & J. 



 

 167 

Warren (Eds.), Vulnerability and Adaptation to Drought (pp. 15-36). University 
of Calgary Press. 

Wang, J., Klein, K. K., Bjornlund, H., Zhang, L., & Zhang, W. (2015). Adoption of 
improved irrigation scheduling methods in Alberta: An empirical analysis. 
Canadian Water Resources Journal / Revue Canadienne Des Ressources 
Hydriques, 40(1), 47–61. 

Wheaton, E., Bonsal, B., Wittrock, V., & Vanstone, J. (2015). Features of Climate 
Extreme in Two Key Watersheds in the Canadian Prairies - the Swift Current 
Creek and Oldman River Watershed: A VACEA Fact Sheet (p. 4). Regina, SK: 
Prairie Adaptation Research Collaborative. 

Wisner, B., Blaikie, T., Cannon, T., & Davis, I. (2004). At Risk. London: Routledge. 
Wittrock, V., Kulshreshtha, S., Weathon, E., & Khakapour, M. (2007). Vulnerability of 

prairie communities during the 2001 and 2002 droughts: Case studies of Taber 
and Hanna, Alberta and Outlook, Saskatchewan. Saskatchewan Research Council 
and the University of Saskatchewan. 

Wittrock, V., Wheaton, E., Bonsal, B., & Vanstone, J. (2014). Connecting Clmate and 
Crops Yields: Case Studies of the Swift Current Creek and Oldman River 
Watersheds (No. 13224-2E13). Saskatchewan Research Council. 

 
  



 

 168 

APPENDIX A: Demographic Information Sheet 

 
VACEA Project 
Demographic Information: Participant Checklist  
 

Name________________________________________ 
Community_________________________________ 
Participant number________________________ 
 

1.! What year were you born?_____________________ 
 

2.! What is the highest level of education you’ve completed? 
___ Some elementary school 
___ Elementary school diploma 
___ Some high school 
___ High school diploma 
___ Course(s) (such as a community college class, trades, or university) 
___ Technical school diploma 
___ Bachelor degree 
___ Graduate university degree 
 
3.! How many years have you been ranching/farming? __________ 

 
4.! What much land do you manage? 
Owned (acres):________ 
 
Rented (acres):________ 
 
Livestock (head):______ 

 
5.! What is your average household income? (Net revenue, including off-farm 

income and program payments). 
 

  ___ under $10,000 to $49,999  
  ___ $50,000 to $99,999 
  ___ $100,000 to $249,999  
  ___ $250,000 to $499,999  
  ___ $500,000 and over  

 
6.! Approximately what percentage of that income do you get from off-farm/off-

ranch work?  
___None 
___1% to 20% 
___21% to 40% 
___41% to 60% 
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___61% to 80% 
___81% to 100% 
 

7.! What is the overall condition of your farm equipment? 
___Most are in excellent condition (i.e., new or almost new, no problems, many 
good years left) 
___Most are in average condition (i.e., minor wear and tear, no major problems) 
___Most need repair (i.e., some major problems, which require significant 
financial input) 
___Most need replacement (i.e., major problems, often malfunctioning) 

 
8.! What is the overall condition of your farm building? 

*use same description in #7 
___Most are in excellent condition 
___Most are in average condition 
___Most need repair 
___Most need replacement 

 
9.! How far do you travel to see a doctor? ________ How far to the nearest 

hospital?_______ 
 

10.!How far do you travel for a full range of groceries?  (distance, not time) 
 

 
 

11.!What percentage of your household’s food do you produce yourselves (for 
example: meat, vegetables, preserves)?  
___None 
___1% to 20% 
___21% to 40% 
___41% to 60% 
___61% to 80% 
___81% to 100% 
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APPENDIX B: Ethics Approval Letters 
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APPENDIX C: CVA and Governance Assessment Field Guides 
 

VACEA Project 
Field Guide 

Community Vulnerabilities Assessment 
 
The objective of the community vulnerability assessment (CVA) is to develop a 
systematic understanding of the present and past vulnerabilities of rural actors to extreme 
climate events. The assessment of the vulnerabilities of rural actors requires information 
from a variety of sources, including the perception that rural actors have of their own 
vulnerability (the CVA), census, previous studies, historical documents, instrumental 
records, other secondary information sources, key informants, and stakeholders in 
general. This document summarizes elements of the information gathering process 
directly related to the CVA.  
 
Rural actors have different characteristics in each one of the basins selected by the 
VACEA project. In some cases they are small producers (farmers, peasants, ranchers) 
who live in certain areas organized in “residential communities” (towns or villages). In 
other cases, the producers control large estates and their residence could be either the 
estate or in regional urban centres. They usually organize themselves in “communities of 
interests”, organizations that bring together producers who share similar characteristics 
(location, type of production, and others). This variety of actors requires a flexible 
approach to the selection of cases for the CVAs, an approach in which the flexibility and 
adaptability of the researchers play a significant role. In any case, the selection of actors 
must ensure the inclusion of the diversity of producers, as well as the inclusion of others 
actors related to the productive activities (farm managers, agricultural workers, 
representatives of rural development agencies, local NGOs).  
 
The CVA will be guided by the methods and techniques used in ethnography and related 
data-gathering techniques. These techniques require a basic knowledge of the actors and 
their livelihoods, which involves obtaining some initial information about the actors and 
their productive activities, sites of production and residence patterns in the basin,. This 
will allow the researchers (a) to become familiar with the different actors, (b) to facilitate 
the selection of respondents for the CVA, and (c) to establish solid and permanent contact 
with the stakeholders from the first moment. 
 
The types of information collected during the CVA is structured around the concept of 
vulnerability using a semi-structured interviewing methodology which relies on 
structuring the interview as a conversation which is carefully guided to address particular 
topics related to the concept of vulnerability. In the case of focus groups it is necessary to 
define a set of topics (relevant to the concept of vulnerability) that could be discussed 
during the rime assigned to the meeting. 
 
This document illustrates some of the likely questions researchers will ask for the 
vulnerability assessment portion of the research as well as a suggested flow of the 
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conversations. Thus, the suggested questions and the questioning order should be viewed 
as illustrative rather than definitive. In some cases, the natural flow of the interview will 
deviate significantly from the list, and interviewers will use this as a “checklist” rather 
than a questionnaire. Furthermore, many relevant questions may only become obvious as 
the interviewing process continues (and follow-up interviews may be conducted as 
necessary). It is inevitable that new issues which had not been considered at the outset 
will be entered into the research checklist. In any case, we advise to do a pilot testing of 
the interview before starting the CVA. The guiding principle of the research will be to 
assess the ways in which rural actors are vulnerable to extreme climate events in order to 
develop insights about the vulnerability of the future and the potential adaptive strategies 
that should be followed to reduce that vulnerability. 
 
1.! Interviewing Plan for Community Members: General Guide 
 
This document outlines a very general approach for interviewing rural actors. The list of 
questions is not exhaustive, given that many questions cannot be anticipated – they 
follow from earlier responses. One of the strengths of this approach is that it allows for 
the identification and investigation of aspects of vulnerability that were not known at the 
outset. Thus, using this approach requires a high degree of interviewer’s judgment and 
focus. A checklist, as well as fall-back questions, are useful tools that should be 
considered by the interviewer. 
 
Part 1: General Information Questions / Setting the Stage 
 
This part of the interview serves two purposes: it situates the person being interviewed in 
the larger picture with personal details (age, occupation, family and community status) 
which will allow for more appropriate questions later, and it aims to create a rapport, to 
allow the respondent to become comfortable. 
 
For example: 
 
1.! How old are you? How long have you lived in the basin?Are you married? Who lives 

in your household? (children, other dependents, and their ages) Other relatives in the 
community? 

2.! What do you do for a living? (employment, including permanent/temporary) Other 
sources of income? (other family members earning money for household? Details?) 

3.! Are you a member of local organizations? Which ones? In what capacity? 
 
Part 2: Open-Ended Interviewing on Exposure-Sensitivities, Adaptive Strategies 
 
The purpose of this part of the interview is to document, from the respondent’s point of 
view, those conditions (ie. exposure-sensitivities) that are important to people, and why, 
and how those are dealt with (why, why not, how effective) (ie. adaptive strategies). 
Keep in mind that they are normally non-climate conditions. This gives a basis for 
describing the vulnerabilities considered relevant by these individuals, without bias or 
suggestion or prompting from the researcher. This is necessary in order to put climate 



 

 174 

change conditions and the role of governance institutions in the context of other forces 
and influences. The operative word for this part is probing, not prompting. 
 
The aim here is to identify the conditions, stresses, changes or forces that are important to 
the respondent and his or her livelihood; in particular, we seek to note conditions that 
relate to our concepts of exposure-sensitivity and adaptive capacity. Based on insights 
from general questions about the respondent’s life in the community (Part 1), he/she is 
asked (open-ended) about what factors/conditions/changes affect his/her life and what 
stresses affect his/her livelihood. While there are general questions, the interviewer 
strives to turn this into a conversation while following-up new topics as they arise. How, 
why, when, etc. are key questions here – ideally, the respondent brings up new topics on 
his/her own, but this is not always the case.  The interviewer is exploring, not giving 
possible answers. For example: 
 
What affects your livelihood/life? [refer to Part 1 to make relevant for particular context] 
Your occupation? Your community? Are you facing any problems? What have you had to 
deal with over the years? What are they? Why are they a problem, when, in what way? 
What causes them? What have you had to deal with? [these sorts of questions address 
exposure-sensitivity] How do you/have you manage(d) them? How did that work? Why 
did you choose that way? Why not other ways? How effective has the way you manage 
been? Why? Do you have help? Have things changed over time? What happened, why, 
how was it handled? What else had an effect? [addressing adaptive strategies and 
capacity] 
 
To illustrate the very general question, in the case of an agricultural producer, the 
interviewer might ask: 
 

a)! What are the challenges/opportunities for your farming operation? (and then 
explore what comes up in detail) – how, when, why… 

b)! What affects the decisions you make on the farm? How? Why? 
c)! Is the farm providing a secure income? Has this changed over the past few years? 

What happened? Why? What influenced this? How? How did you deal with it? 
Why? How effective was this? Would you do it again? Why/why not? 

 
If climate or governance agencies come up as issues in the open-ended portion, explore 
them – but do not prompt specific forces or adaptive strategies. In Part 2, we need to get 
the story in the respondents’ own words, but not prompt. 
 
For example, if the respondent says “water is a problem”, follow up with – 
 
How is water a problem? [not enough of it] Why is that? Was it always so? What 
changed? What influences water availability? What does this mean for the way you 
farm? [lower yields for some crops] Which crops? What effect does that have on the farm 
overall [lower returns] How do you deal with this? [bank loan, off-farm job]Why this 
way? Is this effective? 
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In the above example, the interviewer asked, “how do you deal with this?” – it may be 
that the farmer is thinking of buying crop insurance, but if he does not bring it up, don’t 
prompt with “do you have crop insurance?” at this point – he may say “thinking about it” 
by default. We need to ensure that we understand why a challenge is a challenge, how it 
evolved, how it plays out, and what they do/want to do about it. In addition, we need to 
address the future: 
 
What main challenges do you anticipate for your livelihood in the future? Why these? 
How would these affect you? What might be done about them? 
If you look ahead five or ten years, how do you see your operation changing? Why? 
How? Living conditions, livelihoods? How would these affect you? Why? 
 
Part 3: Guided Interviewing 
 
This portion of the interview provides a basis for assessing exposure-sensitivity and 
adaptive capacity to so that all potential factors are covered in a rigorous and comparable 
manner. In the process, we necessarily prompt for expected conditions relevant to 
weather, climate, and institutions. The list of specific topics needs to be established by 
researchers to be as comprehensive as possible through careful pilot testing, and adjusted 
as necessary. 
 
In this section, we follow the open-ended responses (Part 2) up with specific questions 
where we ask about each of the factors identified/hypothesized by the researcher (ie. 
address all of the bullets in the checklist). The interview is still a conversation, but we 
have a checklist of topics to cover (see the last page in the Appendix), and this may be 
amended based on what comes up in the open-ended section. 
 
For example, in the open-ended portion, the producer indicates that “lots of things 
changed in the farm”, and when probed noted nothing specific or only crop prices, and 
when asked how he managed changes the only adaptive response he listed was replacing 
livestock with cropping. Now, follow up with question to ensure that changes [from the 
checklist] in water, temperature, biophysical, economic and social environment are 
addressed, and that potential adaptive responses (water and financial management, 
institutions, social responses) are discussed. We already know the exposure-sensitivities 
and adaptive strategies the farmer considers particularly relevant from the open-ended 
portion of the interview, now ask these in light of labour, prices, environmental 
sustainability, water use (and other potentially relevant factors that we established when 
we built the comprehensive checklist) that were not addressed without prompting. Make 
sure we understand the role of climate extremes and institutions in addressing any 
changes, as well as how the respondent was able to conceive adaptation actions (i.e.got 
the idea from a network0.  
 
For example, if water has not come up yet on its own, since it is on the checklist, 
introduce it: 
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How do you use water? [ensure that both household and farming water addressed; get 
respondent to explain where they get it, when they use it, for what] Where do you get 
your water? Do you have the water you need to do everything you’re currently doing? [if 
no] Why not? [amend language to make relevant to situation – you already know what 
they’re doing]? (if yes, enough: has that always been the case? If no, how did things 
change? Why did things change? [get detailed explanation of changes, with suitable 
follow-up]  
 
For example, if “too little water” emerges as an exposure-sensitivity for a particular 
farmer, we might follow up in greater detail with: 
 
What do you do in times of water shortage? Are there programs you can use? Changes in 
the farming strategy? Timing of water use? Use of other sources of income? [be 
observant – are there fog nets? Irrigation heads? If not mentioned in general discussion 
of moisture, ask about them. If irrigation does not come up on its own, ask them what 
they do, how this has changed, if they would do things differently if identified constraints 
were not in place]  
What technology resources do you use for water storage and distribution? 
 
Similarly, we need to prompt for other items on the checklist (too much water, timing, 
quality, contamination…). If one of these emerges as an issue, probe and prompt until we 
understand why and how it is an issue, how it is managed, using what strategies (and 
check these – are there financial implications, social considerations, institutions that are 
relevant here…) 

 
If it has not been explained by now, make sure we know: where they get their water 
(well, municipal, canal, river, reservoir?), and what arrangements they have (do they 
have water rights? How many? How long have they had these? How long have they had 
their well, municipal hookup, canal hookup? Cost? How does water delivery work? Is it 
consistent – are there times of the year when things change? How? If times of the year 
there is insufficient supply – get explanation – what happens, and what do they do in 
response/to anticipate?) Ask if paying for water is an issue. If yes – how does this affect 
their use? How have things changed over the years? Always we make sure that we get not 
just what they are doing now, but what they have done over the years – when a change 
comes up, we ensure that we understand ramification thereof. We need to be sure to 
understand: seasonal variation, year-to-year variation, and what is done about these. 
 
For example: 
 
At times when you haven’t had enough water, what did you do? What were the 
consequences of these actions [amend language to real-life situation – “you told me you 
didn’t have enough water last fall. What did you do?” – nothing – “what effect did this 
have on your farm” – “lower yields” – “in what crops? Did this affect your overall 
income? Will this loss of income affect this year’s growing season?”] [use what you 
know of the operation already to ensure you are getting answers to all – ie. is it just 
irrigation water that is in short supply, or drinking water too? Did livestock handling 
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change in addition to irrigation practices? Did all crops experience yield declines? If 
additional water was purchased, through what means?] 
 
Where do you learn about new technology (storage and distribution) and agricultural 
practices? How do you learn about these new methods? (e.g. own experience, 
magazines, family). 

 
If it has not come up on its own: has it ever happened that there is too much water? Too 
much rain/runoff? Why was it too much? How did this affect things? Then what 
happened? What did you do at the time, subsequently? Was this effective? Would you do 
it again? 

 
If weather conditions other than moisture availability come up at any time – great, we 
make sure that we understand what conditions may cause problems – e.g. very cold 
winter, too hot summer, high winds etc. and how they cause problems, what these 
problems mean for individuals and the community, and what people are doing about 
them. We refer to the checklist to ensure all categories of adaptation strategies are 
addressed. 
 
It is important that all of the categories of items included in the checklist are 
systematically covered – the above examples were developed for water, but we must also 
probe for temperature, biophysical (flooding, mudslides) hazards, and economic and 
social stresses, and explore these fully in light of potential adaptive strategies. Like water, 
institutions are of particular interest in this project, and examples are provided below. 

 
Institutions represent an item on the checklist. If they have not come up on their own, ask 
specific questions to place the respondent’s understanding of institutional 
roles/opportunities in managing current and future exposure-sensitivities. It is important 
to understand that institutions are systems of norms/rules that define the behaviour of 
individuals and that they could be internal or external to the community, as well as 
informal (such as kinship or friendship, which are defined by norms and rules that not 
always explicit) and formal. Formal institutions take the form of organizations, such as a 
local church or government agencies. Remember that institutions –in their different 
forms-- play an important role in the vulnerabilities of local people.   
 
What role do community organizations play in managing your operation? (have list of 
relevant ones you know – some may have come up already in Part 2) What 
regional/national organizations have an impact? How? In what ways is it effective? In 
what ways does it not work well? 

 
At this point, it is important to address the respondents’ ideas or recommendations for 
addressing specific problems. Using the vulnerabilities that have already been noted, 
probe further: 
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You told me about problems related to …. What could be done to address these 
problems? What can you do? Your community? Various organizations? Your 
government? What else would need to be done? Why is it not done? 
 
Since the regional vulnerability assessment is focused also on institutions, researchers 
need to compile a list of all potentially relevant institutions (to be included on the 
checklist in Part 3 of the Appendix) and ensure that their roles and relevance are checked 
with respondents. After the general questions on organizations, we ask about specific 
institutions (the order is important – institutions that are mentioned by the respondent 
first are generally considered more relevant to the problem).  
 
For example: 
 
What role does the water board play? Has it helped you in overcoming [specific 
problem]? How? What was the nature of support you received? Did it help with the 
solution? Why/why not? In what way was it effective? Ineffective? Why? [repeat for other 
relevant institutions] 

 
The above example is developed in the case of a farmer. Similarly, if not farming, aim to 
ask the same style of questions: get a clear picture of the nature of water use, both for 
personal and commercial purposes, of the individual, including history of use, history of 
shortage/abundance, current management/arrangements, management/arrangement in 
time of shortage/abundance, conditions in addition to water which may cause problems, 
role of institutions and support, assessment of capacity of institutions to provide support, 
etc. 
 
Future Exposure-Sensitivities/Adaptive Strategies 
 
The VACEA Project is focused on the relationships between rural actors and climate 
change, extreme weather events, and governance institutions. Consequently, we focus on 
the interrelationship among these three issues in our consideration of future exposure-
sensitivities and adaptive capacities. As above, we prompt for specific/anticipated 
changes that may not have come up in the open-ended questions, including repeating 
partial answers to follow up.  
 
Climate  
 
To understand the context of the larger climatic system, we first approach potential 
climate changes in a respondent-driven format: 
 
What kind of climatic changes (don’t prompt, but provide examples of drought, torrential 
rains, hurricanes, hotter, colder, windier if needed) would cause problems for you? 
How? What would you do about them? What kind of conditions would open up new 
opportunities? How would you take advantage of them? [where possible, reference 
previous answers – ie. if respondent earlier said, “what I’m doing now is ok, but if it gets 
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any drier, I’ll be in trouble – you will have already asked how, why but now fill in the 
blanks – financial trouble? Social implications? etc.] 
 
Second, we use a scenario-driven approach (based on the work of climate scientists) to 
get the respondent’s assessment of potential implications of specific (predicted) changes. 
We will need to develop a check-list of potential changes relevant for our study sites for 
Part 3 of the guide, and prompt these. For example, if a drier climate is one of the 
predictions on the checklist, we might ask: 
 
If things were drier in this region, how would it affect you? What would you do about it? 
How much of a change in moisture can you cope with? Why? What else might be done? 
 
We check other predicted changes (as per study-site-specific checklists) in a similar 
manner, and explore the (perceived) implications of these for community members 
including relationship to institutions.  
 
Extreme Climate Events 
 
It is likely that drought or floods will come up on its own when discussing climate, 
however, we still ask about water and other natural resources specifically: 
 
What kind of changes in water (quality, quantity, availability) would pose problems for 
you? Why? How? What are the implications for your livelihood? How would you manage 
these changes? 
 
And, after an open-ended discussion, we once again refer to a checklist on potential water 
impacts in this region. For example, even if overall climate is not predicted to change 
very much in this region but hydrologists indicate significant expected decrease in base 
flow of the river due to upstream changes, we need to explore these: 
 
If river flow decreased, how would this affect you? What would you do if there was less 
water in the river? Are the tools you currently have available sufficient to deal with long-
term decreased river flow? How? Why? What other tools might help?(Particular 
attention should be paid to the distributional impacts of governance institutions and 
assisting community members adaptability – who is assisted, who is not?  How are they 
assisted? Are their differing levels, applications etc.).�
 
Have any of the specific climate events mentioned affected any of technological 
resources for storage and distribution and its management? If so, which technologies 
and how? Which were the impacts on the technology? How your operations were 
affected after technological resources were impacted by a climate event/variability? 
 
What type of technological solutions/changes do you implement after the exposure of 
an extreme climate event? Do you perform changes in the existing technology or do 
you implement a new technological solution? How do you manage your technological 
resources during excess or shortage of water? Is that effective? Why or why not? Are 
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there other ways that be also effective? Have you had enough resources to implement 
technological solutions? 
 
Governance Institutions 
We already know which institutions are currently relevant to respondents. The importanbt 
organizations interacting with the respondent should be explored.  Which do they have 
contact with, when, regarding what? 
 
We also need to explore potential future institutional dynamics. To assess if governance 
institutions are assisting in reducing vulnerability or if there are barriers, the information 
from community members is essential. 
 
First, we give respondents a chance to anticipate: 
 
Are there organizations/institutions that you think may be able to help in the future? 
How? Why? Do the organizations you currently use need to change if climate and water 
dynamics change? How? Are there institutions that currently don’t exist here that would 
help? 
Are there programs from the government in relation to technology you can use in case 
of impacts due to excess or shortage of water?  
 
Exploring the participation of community members in governance requires knowing the 
interactions these people have with the decisions made in relation to the development, 
management and distribution of water resources and the responses of the community to 
hazards and extreme events. It is necessary to explore the level of political representation 
of rural people and cases of political persistence, to say the continuous control of 
government agencies by an elite. It has demonstrated that this situation is directly related 
with the satisfaction of basic needs in rural areas (PNUD, 2011) 
 
What interactions have you had with the organizations relating to water and climate 
events?  What was the context, frequency and outcome of these interactions? (We are 
specifically looking for interaction with policy makers and scientists). 
 
Have there been changes in institutional practice? Is it as a result of this inter 
relationship with the governance institutions?  If not, why did change occur?  
How long did this take to interact with these institutions? Was it adequate?  What might 
happen in the future? 
 
If a governance institution does something the respondent is not happy with, what remedy 
or path is there for objecting?  Can changes be made? 
 
Similarly, we can employ a scenario-driven approach if we have discovered potential 
institutional alternatives to the status quo (through key informant interviews, added to the 
checklist). For example, if the water allocation mechanism is currently under review, 
with a shift from prior appropriation to riparian rights, we might ask: 
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Currently, your access to water is guaranteed based on your history of use. How would 
you be affected if this changed to a system based on how much land you have next to the 
river? What implications would this have for your livelihoods? How would you adjust 
what you do? 
 
Conclusion 
We conclude the interview by giving respondents a chance to provide us with feedback 
and add anything else that they may feel is relevant” 
 
Thank you for your help. As you can see, I’m particularly interested in water use, 
institutions, and climate. Is there anything else on this topic – or your livelihood in 
general – that I didn’t ask you about that you would like me to know?  
 
Thank you for helping me to understand how you work and live. Who in the community is 
in a similar situation to you? There are many different ways of living, what 
people/groups do you expect to have very different experiences? Can you suggest some 
people to talk to who would give me a good idea of the range of experiences? 
 
Checklist for Community Member Interviews  
 
Checklists need to be developed carefully for each particular context – specific bullets 
will depend on occupation of respondent and the community within which he/she lives. 
The categories here are to be seen as “top level”, with site-specific sub-bullets. The 
example here is for farmers, and the list will be adjusted for other occupations. 
 
Part 1 (Situational/Setting the Stage) 

•! Name, age, occupation, sources of income, where live 
•! Family – who live with, ages, employment 
•! Occupation/Livelihood (e.g. for farmers: land farmed, owned, rented; 

crops/livestock raised, how long farming) 
•! Role in the community 
•! Membership and role in organizations/institutions 

 
Part 2 (Open-ended, probing) 
No specific list – there are broad questions (see interview plan) and the interviewer’s job 
is to probe exhaustively without suggesting specific directions to answers. Avoid 
questions that can be answered with a simple (dead-end) yes or no. 
 
Part 3 (Systematic, prompting) 
The researcher develops a list of potentially relevant exposure-sensitivities and adaptive 
strategies in this region, and ensures that all topics on the list are addressed in a 
systematic manner (much may have been addressed earlier, but ensure that explored 
fully) 
 
For each point in the checklist, questions of why, how, in what way, when, was this 
effective… needs to be explored fully. 
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Exposure-Sensitivities 

•! Water: too much, too little, timing, quality (incl. potable water)/contamination 
•! Temperature: too hot, cold, variability, predictability 
•! Biophysical environment: hazards related to flooding, mudslides… 
•! Economic environment: markets, agribusinesses, unemployment 
•! Social: loss of kinship networks, psychological stress, health status… 

 
Adaptive Strategies 

•! Water management: irrigation, canals, wells, crop changes, livestock changes 
•! Management of other conditions: planting cold/heat tolerant cultivars… 
•! Financial management: insurance, draw on reserves, off-farm income 
•! Institutions: role of specific institutions (local and regional/national) in managing 

exposures and responding to hazards and extreme events 
•! Social: kinship networks and local organizations 

 
Consideration of Future Exposure-Sensitivities and Adaptive Strategies 
It is important to refer to additional information here: external climate data (ie. what may 
happen in this region) and recommendations being considered by policy-makers. The 
researcher thus needs to refer to key informant interview results here to generate specific 
checklists of potential climate scenarios for study communities. 
 
Checklist for Future Exposure-Sensitivities (to be developed by researchers) 

1.! Climate: to be developed for each study site in collaboration with climate 
scientists. 

2.! Water: to be developed for each study site in collaboration with hydrologists. 
3.! Institutions: to be developed for each study site in collaboration with local experts 

and other project members with expertise in this area. 
 
 
 

FIELD GUIDE FOR GOVERNANCE ASSESSMENT 
 

This appendix contains the fieldwork guide to organize each one of the assessment 
interviews. 

A.! Purpose and Scope 

The Governance Assessment Field Work Guide is an outline of research themes and 
questions which should be addressed in the semi-structured research interview. This is a 
practical guide, designed to help you with the scope of the interview, and is not 
designed to be used as a questionnaire – think of it more as a checklist of themes that 
need to be addressed. The goal of the interview is as natural and free-flowing a 
conversation as possible. How you word particular questions, the order they are asked, 
and how much depth you go into will vary. 
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The themes outlined below will allow for the collection of information from identified 
governance organizations and actors which will allow the VACEA project to assess the 
institutional capital in existence to reduce the vulnerability of the community to climate 
variability, hazards and extreme events.   

B. Set-up and General Background Preparation: 

The organizations and people to be selected for interviewing will be chosen based on the 
institutional profile assembled and the assistance of the VACEA project partners 

Prior to the interview, all researchers are expected to have a thorough understanding of 
the general principles of institutions relating to climate variability, hazards, and extreme 
events, and water management.  

C. Pre-Interview:  

Research the organization – know its mandate and geographic scope, as well as the 
position of the contact. You should have spent some time with the organization’s website 
and have acquired good knowledge of its areas of concerns, issues, etc. If there are 
publicly available documents produced by the organization, be familiar with them. 
(Bottom Line: be thoroughly prepared before you ask people for their time) 

D. The Research Interview and Themes 

Goal of the Interviews: To ascertain how the institution fits into the governance 
framework respecting climate variability, hazards, extreme events and water, 
identify how the organization reduces vulnerabilities of the community, what factors 
contribute to this, and lastly, whether the characteristics of adaptive governance are 
present in the organization and its interrelationships with other organizations and 
community members.   

The points below represent themes that should be explored. However, the order in which 
these are addressed and the language used will vary by interview. Depending on the 
context, there will be instances where particular topics warrant greater depth than the 
questions below indicate to meet the goal of the interviews. The interview guide assumes 
that the interviewer has a high degree of familiarity with the subject matter and comfort 
with open-ended, loosely structured interview techniques.  

The main points (in bold) are general themes. The bulleted lists are points you need to 
address. It is always preferable to gather the information in an open-ended fashion, and 
you should resort to specific prompts only if necessary. Think of the questions as 
questions to you, the researcher – you should be able to answer these based on what you 
learned in the interview? 
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Part 1: General Information Questions /Setting the Stage 

This part of the interview situates the person being interviewed within the larger picture 
of the institutional profile prepared in the community vulnerability assessment.  Details 
surrounding the entity with whom the person is associated or employed and that capacity 
should be ascertained.  Much of this information should be ascertained from secondary 
sources and these questions can be only in relation to specific questions the interviewer 
has after reviewing other sources.  Questions might be: 

1. What is the role of the institution with respect to water, climate variability, 
hazards and extreme events, and what is the role of the respondent within the 
institution? (This will assist in assessing the existence of responsiveness and flexibility). 

•! What is the role of the institution with respect to climate variability, hazards 
and extremes, water and climate change? What is its area of institutional 
responsibility or jurisdiction? How do water and weather condition relate to 
its mandate? 

•! What is the position of the respondent in the organization? What decision-
making or administrative tasks relative to water and climate does he/she 
routinely perform? 

2. What past climate variability, hazards and extremes, or water stress has this 
organization faced, managed, and mediated, and how? (This will assist in assessing 
the existence of responsiveness and flexibility). 

•! In what instances has the institution faced climate variability, hazards and 
extremes, water stress in the past? When? What were the effects of it? 

•! Has (the institution) experienced any major climate event/variability? 
(i.e. flooding) 

•! For each of the climate events/variability: what were the major 
impacts on technology for water storage and distribution and on 
municipal infrastructure? 

•! Was there an institutional response to climate stress? If so, what was the 
nature of the response? Was this part of the institution’s existing mandate 
at the time? Did the mandate have to change and if so, how quickly did 
this occur? 

•! In times of crisis, were there unprecedented measures/ad hoc responses 
which became necessary? How were these implemented? Were new 
protocols developed? Do early warning systems exist? 
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•! How flexible has the institution been when it comes to responding to water 
stress? If the past water stress occurred now, how would things be 
different?  

Part 2: Open-Ended Interviewing on Exposure-Sensitivities, Adaptive Strategies 

The purpose of this part of the interview is to ascertain how the entity involved in the 
institutional profile fits into the vulnerability and adaptive capacity framework.  What 
policies and actions of the entity respond to climate variability, hazards and extreme 
events?  What type of planning occurs? 

This part of the interview should be informed by issues that have arisen in the community 
vulnerability interviews with community member.  Based on indications from community 
members as to their contact with governance organizations in relation to climate 
variability, hazards and extreme events, the assistance provided by these organizations 
should be explored or the role of these organizations in relation to the specific climate 
events identified by the community.  

(This will assist in assessing the existence of responsiveness and flexibility). 

3.  Does this institution plan for climate variability, hazards and 
extremes, water/climate stress, and how? 

•! What type of long-term planning is done for climate variability, hazards 
and extremes, water/climate (refer back to routine decisions, past times of 
stress as needed)?  How many years is the planning time frame?  

•! How is planning for variability done? What factors are considered? Is 
there explicit consideration of climate change / long-term scenarios of 
water availability / moisture deficit / forecasted demand? 

•! Are there contingency plans (emergency preparedness or business 
continuity plans) for particular situations? Are these short, medium, long 
term? How is the decision made to implement these both procedurally and 
substantively? 

•! How does the institution reassess these plans? Is there monitoring and 
reevaluation?  Is there a set review period? After extreme events are they 
reviewed? Who has input into the review? Are changes made based on the 
review? 

•! The VACEA field work will have identified various concerns raised by 
stakeholder during in-community work. Does this organization help address 
these concerns? Is this part of your official mandate? How does the 



 

 186 

organization become aware of concerns (link to stakeholder discussion)? How 
does it know the outcome of actions taken?  

•! Does this organization promote capacity building and problems solving in 
rural communities? How does the respondent define community capacity 
building? 

Part 3: Guided Interviewing 

•! This portion of the interview provides the basis for assessing adaptive 
governance within the community of study.  The specific aspects of adaptive 
governance as identified above need to be explored with the interviewee.   

4. What information inputs are used by this institution in its operation and 
decision-making? How are these obtained? How secure are information flows? (This 
will assist in assessing the existence of reflexivity and capacity). 

•! What data are routinely used (refer back to points made in other parts of the 
interview)? What level of information is collected by the institution/individual 
and what data come from secondary sources? Do scientists work for the 
institution? Does the institution work with scientists in another institution?  
How is information obtained from them?  How often? In what manner or 
context?  

•! Is local knowledge used by the institution?  Does the institution rely just on 
scientists for information about the ecosystem?  Do stakeholders have input 
into what policy and governance questions are asked? 

•! What scientific data modeling does the organization have access to?  How 
does it access this information?  What time frame, how frequently? 

•! If primary data is collected, what is the purpose of collecting this information 
(to monitor, to diagnose, to manage)? Does that data permit the identification 
of problems or early warning? Does the collected information provide the 
organization with a comprehensive picture of potential problems within its 
mandate? 

•! Is collected data made available to other organizations? To the public? Is this 
information relevant to rural communities, and if so, is it accessible to them? 
How do they know about the data collected by the institution, and how is it 
accessed?  
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•! Where does the individual/organization get the secondary information he/she 
needs (agency, contact, informal/formal network of data dissemination)? Are 
these data public?  

•! What data are needed that aren’t currently available? What data does the 
individual/institution have difficulty obtaining? 

5. What resources does the institution have access to, what are its resource 
constraints, and how does this affect its activities with respect to managing, 
mediating, and planning for climate variability, hazards and extremes, water-
related issues? (This will assist in assessing the existence of capacity). 

•! How is this organization funded? How secure is this funding? What time 
horizon does funding encompass? 

•! Does the organization have the necessary financial and technical resources to 
carry out its activities? How are further resources sought? 

•! Does (the institution) provide funding to producers for technological 

adaptation? If so, how? 

•! What technology resources does (the institution) use for water storage 

and distribution? 

•! How does (the institution) manage technological resources during excess 

or shortage of water? Is that effective? Why or why not? re there other 

ways that be also effective? 

•! Were there technological responses to the impacts of the climate 

event/variability? If not, why not?  If yes, what type of technological 

solutions did (the institution) implement after the exposure of a climate 

event/variability? 

•! Does (the institution) perform changes in the existing technology or does 

(the institution) implement a new technological solution?  

6. Who are the institution’s stakeholders, how do stakeholders relate to the 
institution, and how is their input incorporated into the institution’s management 
and decision-making? (This will assist in assessing the existence of equity). 

•! Who are the institution’s stakeholders? On what basis does the respondent 
consider them stakeholders?  How do the institution and the stakeholders 
interface? Is there a formal process for soliciting stakeholder input?  
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•! How accessible are decision-makers / planners within the institution to 
stakeholders? How accessiblt are the institution’s scientists to the 
stakeholders? 

•! Has the input of stakeholders ever or changed a decision?  How are the 
interests of various stakeholder groups balanced in routine 
decisions/management activities and times of conflict? Do some stakeholder 
groups have more influence than others, and why?  

•! When and how are non-government actors involved in decision making? Do 
these actors have the opportunity to influence, significantly change, or make 
major decisions? 

•! When confronted by a conflict of stakeholders, how does the institution 
respond? Is the organization sensitive to the various resources available to the 
different stakeholders? How does access to resources influence/affect  
significant participation of various stakeholder groups? Is the knowledge base 
of the different stakeholders considered?  

•! Does the institution facilitate the process of negotiation of the interests of 
different stakeholders with respect to particular interests?  

•! Has the institution’s relationship to stakeholders changed over time? How and 
why? 

•! Are there areas where the relationship with stakeholders could be better? 
Why? How? 

7. To whom and how is the institution accountable? (This will assist in assessing 
the existence of capacity). 

•! Are the governance institutions legitimate or supported by the people?  Are 
accountability procedures in existence? 

•! To whom is the institution accountable? What is the process for this (fiscal 
accountability, progress reports, elections? Against what is this accountability 
measured (the institution’s mandate, public opinion polls, balanced 
budget…)? 

•! How are individuals within the institution accountable (performance reviews 
from superiors, progress reports)? Does final responsibility rest with any one 
individual/group of individuals? 
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•! Are responses to climate variability, hazards, and extreme events equitable to 
all community members?   

•! Are there established ways to monitor/evaluate the success of particular 
policies/programs? If yes, to whom are the results of this 
monitoring/evaluation given?  

•! What is considered “poor” performance? What are the consequences of this 
(for the institution, for individuals – decreased funding, less responsibility…)?   

•! Have there been changes in the institution in response to poor performance? 
What happened? 

•! Is the institution’s performance public record? How is this information made 
public?  

8. In what networks does this institution operate, and how? (This will assist in 
assessing the existence of capacity). 

•! To which organizations do you give direction?  From which organizations do 
you receive direction? Which organizations work within parameters heavily 
influenced by your institution? How does this work? Do these organizations 
influence how these parameters are set? Is there a formal process for this? 
How does this work? 

•! Which organizations/institutions do you co-manage/collaborate/coordinate 
with? What is the nature of this collaboration/coordination?  

•! Vertical and horizontal networks? 
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APPENDIX D: List of Codes 
 

 

AGPACTIVITY
AGPRIVATESECT
AGRICULTURE

CROPMANAG
IRRIGATION

CLIMATE
ADAPDROUGHT
DROUGHT
ENOUGHWATER
EXCESSWATER

CONSERVATION
FACTORS IMPACTS

CAPACITY
DESIGN
MAINTEN
INADEACTIONS
MANGTECH
PERFORM

FACTORS TECHN
MONITWATER
TECHUPGRADE
WATERNEEDS

INSTITUTIONS
AGPGOV
GOVACTIONTECHN
GOVFUNDING
GOVPLANS
GOVROLE
GOVWORKINGCOLLA
LOCALWATERGOVER
PROVFUNDING
PROVINCIAL
RATIONING

INNOVATIVERISK
RESOURCSE

ECONOMY
MANAGRESOURCES

KNOWLEDGE
COMMUNITY
INDIVIDUAL

TECHNOLOGY
DUGOUTS
TECHADAPECONOMY
TECHADAPT
TECHECONOMY
TECHEVOLVE
TECHMANAGE
TECHNOLOGYTYPE
TECHVULNERA
TECHWATEREXCESS

TYPEADAPT
PATTERN
STRUCT

WATER
WATERECON
WATERMANAG
WATERQUALITY
WATERSOURCE
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APPENDIX E: Consent Form 
 

  
Vulnerability and Adaptation to Climate Extremes in the Americas (VACEA) 

Project 

 
Participant Consent Form 

!
My!name!is!Bruno!Hernani!Merino!and!I!am!affiliated!with!the!Prairie!Adaptation!
Research!Collaborative!of!the!University!of!Regina.!We!are!conducting!
interviews!of!the!residents!of!your!community.!These!interviews!are!part!of!a!
study!of!the!impact!of!extreme!climate!events!on!rural!communities.!The!study,!
which!is!supported!by!the!Social!Sciences!and!Humanities!Research!Council!of!
Canada!(SSHRC)!and!the!Natural!Sciences!Research!Council!of!Canada!
(NSRC),!is!oriented!to!reduce!the!vulnerabilities!of!rural!people!to!extreme!
climate!events,!such!as!drought!and!floods.!!
This!interview!deals!with!your!impressions!about!extreme!weather!events!and!
the!related!vulnerabilities!of!your!family!and!the!community.!!The!five!main!topics!
in!which!our!questions!will!be!focused!are:!
1.! Stressful!conditions!that!communities!and!households!have!had!to!deal!
with!in!the!recent!past,!especially!with!regards!to!drought!and/or!flood!
issues.!!

2.! The!way!in!which!communities!and!households!have!dealt!with!those!
issues.!!

3.! The!potential!adaptive!role!of!agricultural!practices,!such!as!conservation!
buffers!or!conservation!tillage.!

4.! The!roles!that!external!institutions!have!played!in!reducing!the!exposures!
or!stresses!to!climate!extreme!events!conditions!of!communities!and!
households.!!

5.! The!capacity!of!the!community!to!deal!with!more!serious!possible!changes!
to!climate!conditions!in!the!future.!

!
The!interview!will!take!approximately!60!minutes.!Please!be!aware!that!the!
interview!will!be!digitally!recorded!and!later!transcribed!into!a!computer!file.!!
!
There!are!no!known!or!anticipated!risks!to!you!by!participating!in!this!interview. 
The!University!of!Regina’s!Research!Ethics!Board!has!approved!this!study.!If!
you!have!any!questions!or!concerns!about!your!rights!as!a!participant!in!this!

  

 
120 – 2 Research Dr. 

Regina, SK Canada 
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Ph: (306) 337-2300 
Fax: (306) 337-2301 
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study!you!may!contact!the!Chair!of!the!Research!Ethics!Board!(306V585V4775!or!
by!email:!research.ethics@uregina.ca).!!
!
All!your!answers!are!completely!confidential!–!no!one!will!know!what!you!have!
said.!Once!we!have!recorded!all!the!information,!it!will!be!impossible!to!identify!
you!or!any!other!participant.!All!the!information!provided!by!you!will!be!stored!in!
passwordVprotected!computers!and!only!researchers!and!research!assistants!will!
be!provided!access!to!the!interviews.!In!case!of!any!doubt!you!can!contact!the!
Project!Director,!Dr.!David!Sauchyn!(306V337V2299)!or!by!eVmail:!
david.sauchyn@uregina.ca)!or!Dr.!Harry!Diaz!(306V585V4984)!or!by!eVmail:!
harry.diaz@uregina.ca!!
!
Participating!in!the!study!is!voluntary.!As!well,!if!there!is!a!question!you!would!
rather!not!answer,!just!say!so!and!we!will!move!on!to!the!next!one.!You!are!free!
to!discontinue!your!participation!in!the!interview!at!any!time.!If!you!wish!to!
withdraw!later!your!interview!from!the!study!please!contact!either!Dr.!Sauchyn!or!
Dr.!Diaz.!Your!right!to!withdraw!data!from!the!study!will!apply!until!August!31st,!
2012.!After!this!it!is!possible!that!some!form!of!research!dissemination!will!have!
already!occurred!and!it!may!not!be!possible!to!withdraw!your!information.!A!copy!
of!the!research!report!related!to!your!community!will!be!made!available!to!you!
and!the!community!by!the!end!of!2012.!To!obtain!more!information!and!the!final!
results!of!the!study!please!visit!www.parc.ca/VACEA!
Your!signature!below!indicates!that!you!have!read!and!understand!the!
description!provided!in!this!letter!and!that!you!consent!to!be!interviewed.!A!copy!
of!this!document!will!be!left!with!you.!
!
We!think!that!this!is!an!important!project!and!we!would!very!much!appreciate!
your!participation.!Please!accept!my!most!sincere!thanks!in!advance!for!your!
consideration!of!this!matter.!
!
Participant’s!Name:!______________________________!
!
Signature!______________________________________!
!
Date:!__________________________________________!
!
!
!
!
Witness:!_______________________________________!
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