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Introduction

1.INTRODUCTION
1.1. BACKGROUND

despite large-scale investments in irrigation infrastructure during the 20th century (de
Fraiture et al., 2013). Water shortage affects local and global economies, and
communities as well as farmers (Lipton et al., 2003). Farmers can influence their water
availability through on-farm soil and water management and investment decisions,
such as construction of on-farm water storage or the purchase of water licences
(where such options exist). These kinds of on-farm interventions provide a means to
mitigate rainfall variability, as water can be stored when it is abundant for irrigation
usage later (Nathan & Lowe, 2012; Zuurbier et al., 2017). On-farm interventions can
thus contribute to agricultural production and farmer livelihoods.
Beyond the local benefits gained by farmers, private interventions impact the wider
hydrological system in which farmers operate. A hydrological system spans a
particular geographical region dependent on one or more water sources (Thissen et al.,
2015). These systems might be a polder, a catchment, or an irrigation scheme. Local
interventions have system-level implications, as they influence water availability at
different locations and times, through effects on peak flows, base flows, and overall
water resource distribution (Habets et al., 2018). Local interventions can alleviate
pressure on governments to invest in large-scale infrastructure, such as reservoirs and
flood mitigation measures. Although this is generally acknowledged, adequate tools to
quantitatively assess farmers’ influence on the wider hydrological system are not
readily available. Because the precise and diverse regional implications of local
interventions are poorly understood, they are hardly accounted for in decision-making
(Grafton et al., 2018; van der Zaag & Gupta, 2008). Unknowns regarding the cumulative
effects of local interventions need to be addressed to adequately inform water
governance actors, including farmers, water managers, and policymakers. Currently,
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Water shortage remains a key constraint to agricultural production in many countries,

Chapter 1

these unknowns hamper assessments of how farmers potentially can, and already do,
influence regional water systems (ZON & DHZ, 2015).
To better understand farmers’ influence on the regional water system requires
approaches that go beyond local or regional hydrology. For instance, interventions may
require substantial investment such as installing on-farm infrastructure. Long-term
regional water management plans increasingly depend on farmers’ decisions to invest
in on-farm infrastructure and/or water use licences (Gleick, 2003; Turral et al., 2010;
Ward, 2010). Hence, a complete assessment of farmers’ influence on the regional
water system requires a better understanding of farmers’ investment decisions in
(additional) water for irrigation (van Duinen et al., 2015).
When farmers consider co-investing with (local) government, they need relevant
information to help them decide whether an outlay for one or multiple alternative water
sources is “worth it”. What “worth it” means is typically personal, subject to change,
and often difficult to quantify. For some the focus might be monetary, i.e., financial
costs and expected benefits, while for others intrinsic motivations may be more
prominent, such as desire to be a responsible land steward (see e.g. Šūmane et al.
(2018); Vanclay (2004)). Providing relevant information therefore requires a broad
understanding of farmers’ personal preferences regarding water sources and their
considerations in decision-making (Pahl-Wostl et al., 2008a; Wutich et al., 2014).
Reasonings and preferences may vary for multiple reasons, such as heterogeneity of
local circumstances and situations, real and perceived uncertainties, perceptions of
the value of water for irrigation, and knowledge and insights gained through previous
experience.
Exploring one’s own objectives and reasonings and comparing these with others’ can
be meaningful for farmers, as it can help build their confidence and capacity to make
better-informed decisions (Kenter et al., 2016a). Such an exploration might also point
to ways to overcome challenges in anticipating farmers’ preferences regarding water
sources and to clarify why farmers may decide to invest (or not to invest) in local
interventions.
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Despite a lack of understanding of the cumulative effects of local interventions on the
water system as a whole, and limitations in providing relevant information to help
farmers with their investment decisions, (local) governments are increasingly calling
upon farmers to join in efforts to achieve long-term regional water system objectives.

interventions on long-term water management agendas (e.g. AgriGrowth Tasmania,
2017; LTO Netherlands, 2019; Ministry of Infrastructure & Environment (I&M) &
Ministry of Economic Affairs (EZ), 2014). Long-term objectives differ between countries
and even from region to region; with such differences particularly reflective of
agricultural policies. For example, in 2014, the state government of Tasmania,
Australia, set the long-term objective of a tenfold increase in agricultural production
value by 2050 (AgriGrowth Tasmania, 2017; Tasmanian Liberals, 2018). To enable such
substantial growth in production value, expansion of irrigated agriculture will be
essential. This means that non-irrigators will have to change their production practices
and become irrigators (Tasmanian Irrigation, 2012a).
Another example of a longer-term water system objective is seen in the Netherlands,
where the Dutch Delta programme aims to maintain a safe and attractive water system
by providing adequate flood risk management and freshwater supply (Van Alphen,
2016). Farmers are therefore being asked to cooperate with regional water managers
and policymakers to improve the “sponge capacity” of regional water systems. Greater
local buffering capacity would reduce peak flows, and retained water could be used in
dry seasons to help overcome water shortages (ZON & DHZ, 2015).
To achieve such long-term objectives under variable economic and climatic conditions,
strategic and adaptive decision-making is imperative (Garrick et al., 2017; Meinke et
al., 2009; Walker et al., 2013). However, decisions that lead to changes in the water
system affect all who are tied to it (Boelens et al., 2016; Lane, 2014). For instance,
access to additional or stored water for irrigation may lead to (desired) changes in farm
operations, which impact the life of the farmer and his/her family. Therefore, water
systems cannot be defined only in biophysical terms; hydrological systems are both
natural and social, shaped by the coupled dynamics of human-water interactions
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This idea of “farmers as water managers” acknowledges the impact of on-farm
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(Falkenmark, 1977; McMillan et al., 2016). The notion that human systems and water
systems co-evolve over space and time in a dynamic process is explored in the
literature on human-water interactions (Linton & Budds, 2014; Wesselink et al., 2017).
Yet, unknowns and ambiguity in both the hydrologic and social domains continue to
challenge the design and management of adaptive water systems (Melsen et al., 2018;
Srinivasan et al., 2017). These unknowns and ambiguities call for an iterative and
ongoing “learning-by-doing” approach (Pahl-Wostl et al., 2007a; Pahl-Wostl et al.,
2007b; Savenije et al., 2014).
Policymakers, water managers, and farmers often fail to realize that preferences,
knowledge, and understanding will change over time. Acknowledging these complex
dynamics raises water management and governance challenges that need to be
explicitly addressed to achieve system-level objectives. For sound investment
decisions on infrastructure, without later regrets (see Lawrence and Haasnoot (2017)
for an example on flood protection), we need to better understand the influence that
farmers, today and in the future, can have on regional water systems, while
acknowledging that water and society make and remake each other over space and
time in a hydro-social cycle.

1.2. PROBLEM STATEMENT
Recognizing that assessing how farmers can and do influence regional water systems
requires approaches that go beyond a focus on local or regional hydrology, this study
addresses five knowledge gaps spanning the hydrological and social domains. Bridging
these gaps can help us adequately understand the role that current and future farmers
(can) play in regional water management.
The first knowledge gap is the well-known difficulty in assessing how on-farm
interventions will influence regional water systems, as the cumulative effects of such
interventions are non-linear and difficult to predict (van der Zaag & Gupta, 2008). Many
previous studies have treated the spatial and temporal effects of a set of (desired)
interventions as outside their research scope (e.g. Habets et al., 2018; Lasage &
Verburg, 2015; McCartney et al., 2013; Pandey et al., 2011; Van Meter et al., 2016). Yet,
obtaining a clear overview of the challenges involved in assessing the regional-level
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impact of, for example, local water storage is an important first step to adequately
inform decision makers on the local and regional effects of on-farm interventions in
the water system.
Second, it is as yet unclear why farmers make the decisions they do regarding

irrigation water sources are available, farmers often exhibit a clear preference for a
particular alternative. There is ample empirical evidence, however, that these
preferences are not uniform across a group of farmers (see e.g. van Duinen et al., 2016;
Veraart et al., 2017). This is in line with Raworth’s (2017) perspective on economics in
the 21st century. Farmers base their choices on individual logics, which limits the
ability of others to anticipate investment decisions. This suggests the need to better
understand the personal reasonings that underlie farmers’ preferences. To gain this
understanding, we must go beyond “what can be counted” and focus on “what counts”
instead (Vanclay, 2004). However, evaluation tools and approaches that empirically
capture what farmers care about when comparing alternatives are as yet lacking.
This leads to a third, related knowledge gap in the personal valuation of irrigation
water. Current evaluation approaches are unable to capture the personal reasoning
that underlies decisions to invest (or not to invest) in irrigation water. Valuation of
water for agriculture is known to be challenging. Numerous authors have argued that
the current approaches for valuating water for irrigation are biased or incomplete (e.g.
Birol et al., 2006; Davidson et al., 2019; Turner et al., 2004). Capturing personal
reasonings could elicit a broader set of (non-monetary) values and contribute to a
better understanding of the assumptions and personal reasons that underlie these
values. To provide information that is relevant and enable farmers to make informed
decisions, existing valuation approaches need to be complemented with participatory
methods that dig deeper into the assumptions and personal considerations that
underlie farmers’ valuations of additional volumes of irrigation water (Hermans et al.,
2006a). Looking into farmers’ considerations responds to the calls of World Bank (2017)
and Garrick et al. (2017) for water valuation methods that address the multiple and
personal values of water.
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The fourth knowledge gap regards the potential of water valuation as a tool to foster
social learning. There is a lack of agreement on what constitutes social learning, how it
can be facilitated, and how outcomes can be assessed (Rodela, 2011; Wehn et al.,
2018). This has hampered development and evaluation of social learning processes
(Reed et al., 2010). Moreover, empirical assessments of social learning have as yet
been few and limited in scope (Gerlak et al., 2018; Scholz et al., 2014a). There seems to
be more agreement on the purpose of social learning: learning together to better
manage and govern together (Pahl-Wostl, 2017). Better understanding of the factors
contributing to, and the outcomes of, social learning processes could promote the
uptake, funding, and acknowledgement of social learning.
Finally, human-water dynamics are not adequately considered in the management of
many water systems. Though farmers may contribute and co-invest at one stage, the
needs and preferences of generations to come are rarely sufficiently explored or
considered (see e.g. Australian Government (2015). However, water systems face
unforeseeable changes in climate, technologies, and societal preferences, which could
render them prematurely obsolete or inadequate (Haasnoot et al., 2013; Offermans &
Valkering, 2016). This can lead to sub-optimal investment decisions that are regretted
later and even restrict the role of future farmers as water managers. Designing and
managing water systems that are adaptable to unforeseen changes and open to
learning-by-doing is a challenge that has yet been largely unmet (Lane, 2014).

1.3. OBJECTIVES AND RESEARCH QUESTIONS
This thesis thus addresses challenges in assessing farmers’ influence on regional
water systems. The objective is to develop approaches to improve our understanding of
farmers’ current and potential contributions towards long-term objectives for regional
water systems. The research is organized around the five knowledge gaps identified
above. As farmers’ considerations are ultimately personal, this research sought to
learn from and with farmers, as well as water managers and policymakers, in specific
case study contexts in Tasmania and the Netherlands.
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This thesis centres on five research questions:
1.What are the main challenges in assessing the regional feasibility of local water
storage? (Chapter 2)
2.How can crossover points provide insights into farmers’ preferences for various

3.Can participatory crossover analysis lead to a better understanding of personal
reasoning behind investment decisions in extra water for irrigation? (Chapter 4)
4.Can a single participatory water valuation workshop foster social learning?
(Chapter 5)
5.How can incorporating human-water interactions in regional water management
contribute to achieving long term system level objectives? (Chapter 6)

Figure 1.1 illustrates the iterative and inductive relation between the different
research questions.
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water sources? (Chapter 3)

Figure 1.1. Overview of how the different research questions relate to each other and the methods used in this thesis

Chapter 1
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1.4. RESEARCH DESIGN AND THESIS OUTLINE
To answer the research questions, and thus to address the five knowledge gaps
identified, a selection of research methods and approaches was used. The research
process was iterative and inductive; that is, the outcomes yielded by addressing one

subsequent questions.
Chapter 2 focuses on the first research question. It reviews the literature on the
potential of local storage and reflects on the application of a water storage
assessment model and a cost-effectiveness analysis of seven on-farm interventions in
North Holland, the Netherlands. The case study aptly illustrates why it is so difficult to
assess the water storage potential of multiple local storages. This enables me to
unravel some of the specific challenges involved. The literature review starts with van
der Zaag and Gupta (2008), who called for research on the regional effects of local
water storage interventions. Eight challenges are identified in assessing the regional
feasibility of on-farm interventions. Key among these is the lack of understanding of
farmers’ preferences and decision-making. This is what motivated the second and
third research questions, presented in chapters 3 and 4 (see Figure 1.1).
Chapter 3 builds on the crossover analysis literature, particularly Arshad et al. (2014)
and Guillaume et al. (2016). It presents, applies, and evaluates a framework that
extends the use of the concept of crossover points to a participatory setting. Crossover
points represent conditions in which alternatives are equally preferable to a decision
maker. The chapter presents a step-wise framework for crossover analysis, including
the design, facilitation, and evaluation of a participatory workshop. The workshop
design requires prior analysis of the context in which it is to take place, including semistructured on-farm interviews with proposed participants. The evaluation process
includes an exit survey on the process immediately following the workshop and
telephone interviews later with questions on the perceived usefulness and learning.
The main aim of this novel approach, termed “participatory crossover analysis”, is to
engage participants in a dialogue to explore their individual processes for arriving at
personal preferences. The Coal River Valley in Tasmania provides the case study for
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research question were instrumental in motivating and influencing the work on the
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this part of the research. Experienced irrigators here took part in a participatory
crossover workshop exploring their personal considerations in decisions on investment
in extra irrigation water. In a group setting, they discussed the influence of various
characteristics of irrigation water (e.g. cost, quality, reliability, and manageability) on
their preference for the different water sources available in their valley.
Chapter 4 builds on the previous chapter by applying the participatory crossover
analysis framework in a water valuation setting. It presents a case study in which
irrigators and non-irrigators in the valley adjacent to the Coal River Valley discussed
their willingness to pay (WTP) for a right to one mega litre (1,000 m 3 = 1 ML) of irrigation
water and the influence of quality, reliability, and manageability on their WTP. This
case study explores the potential of a peer-to-peer workshop in which crossover points
are used as WTP scenarios to stimulate a group of farmers to reveal and share a rich
set of decision factors. The ultimate purpose was to better understand the personal
considerations underlying decisions to invest (or not to invest) in extra water for
irrigation. Such dialogue was found to be helpful in informing participants’ future
investment decisions and producing a better understanding of why others make
different decisions, thus addressing research question 3.
Chapter 5 assesses the social learning potential of a workshop, making use of
participatory crossover analysis as a tool to facilitate a deliberative dialogue between
irrigators, scheme managers, and policymakers about the past, present, and future
value of irrigation water. Again in a workshop setting, participants discussed
implications of adaptive irrigation schemes in the South East Irrigation District, where
the Coal River Valley is located, and explored the design and management of proposed
schemes in Tasmania. Unlike the applications in the previous chapters, this workshop
was not peer-to-peer focused, but instead took place in a heterogeneous setting with
selected stakeholders representing different backgrounds, perspectives, and
objectives (Figure 1.2). The novel approach for evaluating social learning in a group
setting builds on the literature on social learning assessments, drawing particularly on
the work of Scholz et al. (2014a), Kenter et al. (2016a) and de Vente et al. (2016). The
evaluation process presented contains three evaluation points, spread over six
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months: an exit survey and workshop reflections immediately following the workshop,
semi-structured telephone interviews approximately one month later, and one-to-one
interviews six months after the workshop. The evaluation focus is on drivers (i.e.,
factors that positively influence social learning) and (emerging) outcomes of a single

Chapter 1

workshop that aims to foster social learning.

Figure 1.2. The settings in which this research applied
participatory crossover analysis.

Chapter 6 adds a temporal component, addressing the non-stationary conditions in
which both water systems and farmers function. Instead of examining farmers’
influence on the regional water system, the chapter focuses on how a change in the
water system might influence farmers, both current and future. Being adaptive to
future unknowns allows farmers to participate and influence the water system. Based
on a literature review in the domain of adaptive pathway planning (e.g. Haasnoot et al.,
2013) and the literature on human-water dynamics (e.g. Srinivasan et al., 2017), the
chapter provides valuable insights on adaptation in the context of irrigation systems.
Findings from previous chapters and examples from the Murray Darling Basin in
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Australia are used to highlight the need for planning and design approaches that
embrace unknowns while recognizing the complexity of interactions between humans
and water systems.
The final chapter of this thesis, Chapter 7, synthesizes answers to the research
questions, introducing promising avenues for future work and positioning the insights
that emerged during this PhD journey in a wider context.
For Dutch-speakers, chapters 2 through 6 offer a QR code. Scanning the code with a
smartphone brings the reader to a podcast episode in which I informally discuss the
chapter’s content, including my main findings, with co-host Manne Havinga. The title
of the podcast series is “PhD Proat met Melle en Manne”. It can be found on Spotify
and on the Aequator website.

1.5. RESEARCH CONTEXT
As noted above, the research questions were addressed drawing on case studies in the
Netherlands and Tasmania (Figure 1.3). Though the Dutch and Tasmanian context have
very different climatic regimes and socio-economic settings, in both cases,
policymakers and water managers appeal to farmers to help improve the water system
and contribute to long-term goals. As such, farmers’ influence on the water system is
high on the political and scientific agendas in both cases. In Tasmania, the long-term
goal is to increase agricultural production value, whereas in the Netherlands it is to
sustain the current water system.

Figure 1.3. The Netherlands (left) and Tasmania (right), with the case study areas indicated in
red. The Dutch case study site was in the province of North Holland. The Tasmanian case study
site was in the south-east of the state.
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The first case-study area is located in the province of North Holland, the Netherlands.
Here the Hoogheemraadschap Hollands Noorderkwartier (HHNK) water board manages
freshwater supply from Lake IJssel and Lake Marker. The Dutch case study consists of
two, predominantly agricultural, regions: Wieringen and Wieringermeer. In this case-

temporal irrigation water shortage.
In the Netherlands, local, regional and national stakeholders collaborate to improve
the Dutch water system and make it more resilient. For example, work under the Dutch
Delta Programme theme ‘freshwater supply’ explores strategies to sustain the current
level of water availability for farmers (Ministry of Infrastructure and Water
Management (I&M) & Ministry of Economic Affairs (EZ), 2014). The overarching
objective is: “To maintain a safe and attractive Netherlands, now and in the future, by

providing adequate flood risk management and freshwater supply” (Van Alphen, 2016).
The programme has identified that farmers have a major role to play, as local
interventions are seen as part of the strategy to reach the long term objective.
However, this long term objective has been set without a clear understanding of the
regional potential of local storage to reduce peak runoff and secure a reliable supply
during periods of water shortage. In addition, many challenges remain related to coinvesting in local on-farm interventions.
The second case-study area concerns an area in south-east Tasmania, Australia,
where rainfall is supplemented by runoff water stored in on-farm facilities and water
from communal irrigation schemes. Chapter 3 focusses specifically on the Coal River
Valley. Farmers here gained experience with irrigation since construction of the
Craigbourne Dam in 1986. Dam construction changed the valley dramatically. The
direct and indirect benefits of irrigation water were initially hugely underestimated.
Over the years, farmers developed their enterprises, intensifying production and
increasing their demand for labour. Today, the Coal River Valley is held up as a beacon
of the value of irrigation water and is seen as an example for other areas (Lejda et al.,
2009).
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study area, intensive farming is challenged by salty seepage, water excess, and
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The Tasmania case relates to an ambitious 2014 objective set by the state government:
to achieve a tenfold increase in the farm gate value of agricultural produce by 2050
(AgriGrowth Tasmania, 2016, 2017). Water will be key to achieve such substantial
growth (Leith et al., 2019). The government has therefore undertaken efforts to build
new irrigation schemes to facilitate transformation from dryland cropping to more
intensified forms of agriculture. In 2015, Stage 3 of the South East Irrigation Scheme
(SE3) commenced operation, serving the Coal River Valley and adjacent valley with the
most expensive water in the state (Tasmanian Irrigation, 2017). The approach used in
the design of the new irrigation scheme included a feasibility phase in which farmers
had to commit to buying water rights to cover at least 30% of the cost of scheme
construction. The other 70% would be covered by Commonwealth and Tasmanian
governments. During the pre-feasibility stage, information was provided to the farmers
presenting the investment as a ‘once in a lifetime’ opportunity (Tasmanian Irrigation,
2012b), backed by facts and figures on costs and benefits (Tasmanian Irrigation,
2012c). Farmers in the adjacent valley, however, hesitated. Without the benefit of the
almost 30 years of irrigation experience of their counterparts in the Coal Valley, many
decided against investing in irrigation water. Their decision either to invest or not will
influence the long-term distribution and availability of water in the region. The ‘once in
a lifetime’ nature of the decision puts a cap on the maximum sustainable production in
the region. The decisions made by these farmers were therefore instrumental in
determining whether the long-term goal of the Tasmanian government could be
achieved. My research centred on the area served by the SE3 scheme (Chapter 4) and
the South East Irrigation District (Chapter 5), which includes both the Coal River and its
adjacent valleys.
Beyond relevance to the examined case studies, it is my hope that the approaches
presented in this research will prove more generally applicable. Many of the insights
generated by this work could be helpful in overcoming challenges in assessing the
impact of local interventions and farmers’ influence on regional water systems in other
contexts as well.
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Chapter 2

Regional effects of local water storage are largely unknown. This chapter identifies and
discusses eight challenges in assessing the regional feasibility of local water storage. This
overview is a first step to improving storage assessment tools and processes. The challenges
are categorised into three clusters. The first cluster contains challenges related to comparing
water storage interventions in their local context, including differences between techniques
related to exploitability and the purpose of the water while stored. Interaction with other
storages influences the feasibility of a certain option for a certain location. The second cluster
deals with challenges of local storages in a water system context. Storage assessment
approaches must shift their focus from storage ‘potential’, i.e. quantities of water that can be
stored, to storage ‘feasibility’, i.e. the role that local interventions can play to improve the
water system. Regional feasibility depends on the spatial and temporal scale of analysis and
system dynamics including water supply- and demand dynamics of other water users. The
third cluster goes beyond water and addresses challenges related to farmers’ decisionmaking, as better understanding the influence of on-farm interventions requires approaches
that go beyond focusing on local or regional hydrology. Investment decisions are hard to
predict as they depend on the anticipated cost and benefits of water storage and use, which
are difficult to quantify. To fully grasp the feasibility of local interventions, approaches need to
be developed that provide insights into farmers’ preferences for interventions.
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2.1. INTRODUCTION
Temporal water shortage is a key constraint to food production in many countries (de
Fraiture et al., 2013). This may worsen as climate change is expected to further amplify
rainfall variability (e.g. Dore, 2005; Solomon et al., 2007). Water storage can mitigate
water shortages due to rainfall variability. Appropriate water storage techniques can
thus contribute to income and food security. Moreover, strengthening farmers’
capacity to overcome drought contributes towards Sustainable Development Goal 2,

2018).
Ponds, farm dams, ditches, drainage systems and subsurface aquifers are some of the
local water storage techniques that can help farmers overcome temporary water
shortages by providing water for irrigation. Yet, the impacts of these local storage
options at larger spatial scales are poorly understood, hampering assessments of how
farmers (can) contribute to long-term system level objectives (ZON & DHZ, 2015). To
grasp the potential of local storage as a strategy to increase water availability at the
water system level, it is crucial to know what volume of water can be stored and the
associated costs.
Thissen et al. (2015) defined a water system as a geographic area or region that
depends on one or more water sources. Examples are a polder, a catchment or an
irrigation scheme. The literature variously describes local storage techniques as
‘scattered’, ‘small’, ‘fine’, ‘spatially distributed’, ‘decentralized’, ‘on-farm’, ‘on-field’
and ‘private’(e.g. Blanc, 2014; Fowler et al., 2015; Wisser et al., 2010). Local storage,
furthermore, is taken to imply that the water stored is exploitable and regarded as
private property (Feeny et al., 1990). FAO (2003, p. 4) defined exploitable water as
‘water for use’ or ‘manageable water’, to be applied for irrigation or to otherwise
support crop growth and human activities.
Previously, van der Zaag and Gupta (2008) called for research on the regional effects of
local water storage. They conducted an assessment focused on the choice between
small and large surface reservoirs as an irrigation water supply strategy. Van der Zaag
and Gupta (2008) compared the storage potential of a hypothetical large-scale dam of
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zero hunger (United Nations, 2015) and 6, Clean water and sanitation (United Nations,
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50*106 cubic meter (m3) to 2,000 on-farm tanks holding 500 m3 each. According to
these authors, the cumulative capacity of local storage systems is non-linear and
difficult to predict, which makes choosing between the two strategies problematic.
They concluded that for well-informed decision-making, we need a better ability to
assess and quantify local storage potential and costs at the system level.
This knowledge gap is well known, but difficult to address. The first step to overcome it
is to improve tools for assessing the cumulative impact of multiple local storage
facilities in a system context. Hence, the objective of this chapter is to identify and

discuss challenges in assessing local water storage techniques at the regional, or
system level. We identify and discuss challenges based on a literature review and an
examination of a structured water storage assessment method.

2.2. APPROACH
The research approach entails a literature review related to the article of van der Zaag
and Gupta (2008) and a critical examination of a structured water storage assessment
method applied to a Dutch case. The case serves to illustrate why it is so difficult to
assess the potential of local storage techniques, enabling us to unravel some of the
specific challenges involved.

LITERATURE REVIEW
Our literature review started with the study by van der Zaag and Gupta (2008). We
sought out all 32 articles (July 2019) which cite their article to see by whom and how
their call for research on the regional effects of local water storage was answered. Only
20 out of these 32 included the term ‘small’, ‘scale’ or ‘storage’ in their title, key words
or abstract, of which 10 directly relate to the regional impacts of local storages (see
Table 2.1). Papers that do not directly relate to the call for research on the regional
effects of local water storage are summarized in Appendix I. All 10 directly related
papers acknowledge some aspects of challenges in assessing local water storage
techniques at the regional, or system level but are limited in their contribution towards
improved storage assessment tools and processes.
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Table 2.1. Conclusions and recommendations for further research of articles referring to van
der Zaag and Gupta (2008).
Article

C Conclusions and recommendations

van Oel et

van Oel et al. (2018) assess the role of large-scale reservoirs in the Jaguaribe

al. (2018)

basin, Brazil. They demonstrate that the spatial distribution of storages affects
the duration and magnitude of hydrological droughts in both upstream and
downstream. Although the impacts of on farm storages are not considered in

the storage potential of large reservoirs with on farm storages.

Habets et al. Habets et al. (2018) review modelling approaches to assess hydrologic impacts
(2018)

of small reservoirs. As their focus is on modelling river flow, they relate to water
extraction for irrigation as an exogenous factor. These authors address the data
needs relating to the water balance of small reservoirs, the losses, such as
seepage and evaporation, and the connection to the stream, i.e. catching all or
only a part of the river flow. They conclude that lack of data and model
simplifications hamper regional impact assessments.

Van Meter

Van Meter et al. (2016) assess the storage potential of rainwater harvesting

et al. (2016)

tanks in India. These authors note the lack of empirical studies quantifying
water fluxes, especially at the regional level. Local storage should not be
evaluated in isolation, they observe, as tanks’ position in the cascade strongly
affects main water fluxes, usability and socio-hydrologic dynamics. (Sociohydrologic dynamics was defined by Sivapalan et al. (2012) as the interactions
between water and water users.)

Lasage and

Lasage and Verburg (2015) present a decision framework for selecting water-

Verburg

harvesting techniques. They observe that evaluation criteria, downstream

(2015)

consequences and the socio-economic impacts of water harvesting techniques
are not well described in previous studies. They recommend agencies and
donors to consider the impacts on livelihoods and the likely benefits of water
harvesting techniques before advancing agricultural development and conclude
that additional knowledge is needed on the downstream effects of cascading
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their study, the authors suggest their assessment could be helpful in comparing
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structures, to evaluate their sustainability and applicability.
Wutich et

Wutich et al. (2014) explore how socio-economic and environmental conditions

al. (2014)

shape peoples’ perspectives, and preference for strategies to improve the water
system. They find that preferences for hard path solutions – i.e. large scale,
centralized infrastructures – versus soft path solutions – i.e. decentralized
infrastructure and reforming of institutions – are influenced by people’s
development status and perception of water scarcity. They recommend future
research to focus on ambiguities and people’s perceptions in decision-making
processes.

McCartney

McCartney et al. (2013) develop a tool to assess four different storage options:

et al. (2013)

large reservoirs, smaller ponds or tanks, groundwater and water stored as soil
moisture. They stress that these storage options have distinct social and
economic implications and differ in their reliability, resilience and vulnerability.
As the authors acknowledge, their assessment of the effectiveness of ponds or
tanks does not capture the cumulative effect of distributed, small-scale water
storage in their case study applications in the Volta and Blue Nile basins in
Ethiopia. They therefore call for further research on complementarities between
different storage options and a focus on economic feasibility.

Lasage et al.

Lasage et al. (2013) evaluate the downstream effects of sand dams, under

(2013)

conditions of climate change in the Dawa catchment in Ethiopia. In their case
study, additional sand dams lead to modest changes in downstream flows, but
projected climate change and their maximum storage scenario case can extend
the duration of low flow months by 50%. The authors indicate their assessment
contains assumptions and uncertainties but stress that a management strategy
to build small-scale structures can easily be adjusted when future unfolds and
so allows for learning by doing.

Devineni et

Devineni et al. (2013) introduce spatially distributed indices for water stress. The

al. (2013)

indices reflect the deficit in a regional water balance, and recommend
accounting for variability within and between years. They suggest that for large
deficits, large surface storages are needed as small storages require a large
fraction of arable land and recommend extending their approach by including
interactions between surface- and groundwater.
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Pandey et

Pandey et al. (2011) estimate seepage and evaporation losses of on farm

al. (2011)

storages in two locations in Texas (US) and West Bengal (India) concluding that
shape, size and soil type of reservoirs were critical factors. They recommend
embedding their model in a river scale model to assess downstream impacts.
Seepage losses and evaporation reduce local water availability during the
growing season but interaction with the water system was outside their scope.
The authors also compare the cost and benefits of a distributed and a
centralized system. They find that the cost/benefit ratio of many local storages

construction costs, size, material and water availability may alter their finding.
Thomas et

Thomas et al. (2011) review literature on temporal water storage options to

al. (2011)

sustain low flows in small catchments. The options include artificial
groundwater recharge, surface water storage, wetlands and reuse of treated
wastewater. They find that these options differ in their effectiveness,
downstream influence, and controllability. They stress the need for further
research, specifically synergies between flood protection and low flow
augmentation, and incorporating climatic and anthropogenic changes.

Considering that the shared recommendation of the articles referring to van der Zaag
and Gupta (2008) is that the regional effects of a set of local storages deserves further
research, the following statement by van der Zaag and Gupta (2008, p. 11) is still
relevant:
“We might have a fairly good idea of what the biophysical, economic, managerial and
socio-political impacts are of a large dam with a capacity of, let’s say two hundred
million cubic meters; yet we do not know the precise impacts of one million small tanks
with a storage capacity of two hundred cubic meters each.”

Obtaining a clear overview of the main challenges in assessing the regional-level
impact of local water storage is an important first step towards improved storage
assessment tools and processes that aim to inform farmers, water managers and
policy makers.
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exceeds a large reservoir but acknowledge that changing the assumed
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THE FRESH WATER OPTIONS OPTIMIZER (FWOO) METHOD
The FWOO method, described by Hoogvliet et al. (2014), seeks to calculate how much
fresh water can physically be stored in a particular region using a given set of storage
techniques. Hoogvliet et al. (2014) selected seven storage techniques from the Dutch
applied

research

programme

‘Knowledge

for

Climate’

(see

www.knowledgeforclimate.nl/programme) (Table 2.2). With these techniques, water is
stored underground and in ditches instead of using productive surface space.
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Table 2.2. Local water storage techniques assessed using the Fresh Water Options Optimizer
(FWOO) method, ordered by storage capacity. Source: adapted from Nikkels et al. (2015, Table
1).
Local storage

Description

technique

∆Water

Storage

lens (m)

capacity
in m3/ha

Captures rainwater aboveground, using a vertical

and Recovery

tube for it to slowly infiltrate salty groundwater. 1.4

(ASR) Coastal

Freshwater is withdrawn from various depths to

4,200

Chapter 2

Aquifer Storage

optimize recovery rates.
Freshmaker

Expands an existing shallow freshwater lens by
infiltration of freshwater using a horizontal tube. An

0.66

2,000

0.5

1,500

underlying tube withdraws salty groundwater.
Creek ridge

Enlarges

a

freshwater

lens

by

raising

the

infiltration

groundwater level by controlled drainage combined
with infiltration of surface water.

Drains2Buffer

Deepens

controlled

drainage

so

that

saline

groundwater is discharged to surrounding ditches 0.3

900

and the freshwater lens can grow with precipitation.
Controlled

Allows the base drainage level to be adjusted

drainage

throughout year, providing the possibility of raising

0.3

300

0.2

200

the groundwater level to store water.
Water

Raises water levels in ditches, producing a larger

conservation

buffer in surface water, but also raises the

with small weirs

groundwater level in the surroundings.

Water

By elevating a ditch bottom, groundwater levels in

conservation

the surrounding area are raised while maintaining 0.15

with ditch

the same quantities of surface water.

150

bottom elevation
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The FWOO method asks two questions: ‘where can a certain technique be applied’ and
‘what is the regional water storage potential of a set of local techniques’. This is
complemented by a cost-effectiveness analysis (Nikkels et al., 2015). The method
consists of six steps:
1.Analysis of water shortage
2.Mapping of physical suitability
3.Assessment of the impacts of measures on (saline) upward groundwater flows,
groundwater and surface water
4.Assessment of the interaction between local techniques and the adjacent water
system
5.Estimation of the maximum storage potential
6.Estimation of the water storage potential in the region

THE WATER MANAGEMENT CONTEXT AND CASE STUDY
The Netherlands sometimes experiences shortages of water quantity and/or quality
(Ministry of Infrastructure & Environment (I&M) & Ministry of Economic Affairs (EZ),
2014). Availability of freshwater may be reduced further in the future, due to foreseen
and unforeseen changes in supply and demand (Van Alphen, 2016). Climate
simulations indicate that the agricultural sector could face losses of some €700 million
every other year if the recurrence interval of dry years shortens from the current one in
ten years to one in two years (Ministry of Infrastructure and Water Management (I&M)
& Ministry of Economic Affairs (EZ), 2011).
Local, regional, and national water managers collaborate to improve the Dutch water
system and make it more resilient. For example, work under the Dutch Delta
Programme theme ‘freshwater supply’ explores strategies to sustain the current level
of water availability for farmers (Ministry of Infrastructure and Water Management
(I&M) & Ministry of Economic Affairs (EZ), 2014). Farmers co-operate with regional
water managers and policy makers to improve the ‘sponge capacity’ of regional water
systems (ZON & DHZ, 2015). The programme has identified local storage as part of the
solution, but, so far, provided no clear insight into the potential of local storage to offer
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a secure supply during periods of temporary water shortage. Despite this lack of
knowledge, national and regional water managers negotiate about more decentralized
water distribution plans and strategies to reduce water demand from the central water
supply system.
To better understand the implications of local water storage strategies, the Fresh
Water Options Optimizer (FWOO) method has been developed and applied to a case
study area in the province of North Holland. Here, the Hoogheemraadschap Hollands

Lake Marker. The regional Delta Programme has formulated a management strategy
specifically for this area (Ministry of Infrastructure and Water Management (I&M) &
Ministry of Economic Affairs (EZ), 2014). The case study consists of two distinct,
predominantly agricultural regions: Wieringen and Wieringermeer (Figure 2.1).
Wieringen is a former island, connected to the mainland since the 1924 reclamation of
the Wieringermeer polder. Wieringen contains upward and downward seepage areas
and has heterogeneously structured subsoil. The Wieringermeer polder is highly
productive, with large areas devoted to agriculture, horticulture and greenhouses. The
topsoil here is clayey, and the subsoil consists of sand and clay layers.
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Noorderkwartier (HHNK) water board manages freshwater supply from Lake IJssel and
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Figure 2.1. Case study area in dark grey

The case study area has a long history of water-related stress. In summer, the salt
content in ditches increases due to upward seepage of brackish groundwater. This
water quality problem becomes more severe when water intake from Lake IJssel is no
longer possible or allowed, for example, during drought. The dry year of 2003 caused
significant drought-related yield losses (van Bakel et al., 2008). While in theory, water
could be supplied to the region by Lake IJssel and Lake Marker (Ministry of
Infrastructure and Water Management (I&M) & Ministry of Economic Affairs (EZ), 2014),
water of adequate quantity and quality is not always available at the right place and at
the right time.

THE FWOO OUTCOMES IN THE CASE STUDY AREA
The FWOO assessment concluded that 16 million m3 could be stored in Wieringen and
Wieringermeer using the seven local water storage techniques (Nikkels et al., 2015). To
put this into perspective, 16 million m3 is equivalent to 72 mm per square metre, or
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32% of the summer rainfall deficit in a typical dry year (i.e., one with a recurrence
interval of every ten years and a precipitation deficit of 220 mm) (Ministry of
Infrastructure and Water Management (I&M) & Ministry of Economic Affairs (EZ), 2011).
This is an appreciable quantity, as it is more than the annual volume supplied from
Lake IJssel, which is 11 million m3. The cost per cubic metre stored was found to vary,
from €0.07 for ‘Aquifer Storage and Recovery Coastal’ (ASR Coastal) to €1.04 for ‘water
conservation with small weirs’ (Nikkels et al., 2015). Discount rates, time horizons and

2.3. CHALLENGES IN ASSESSING THE REGIONAL FEASIBILITY OF LOCAL WATER STORAGE
Based on our literature review and critical reflection on the FWOO case study, we
identified eight challenges, grouped into three categories (Table 2.3). The categories
are local context, water system context and farmer investment decisions.
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assumed life spans influenced the cost-effectiveness rankings.
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Table 2.3. Eight challenges in assessing the regional feasibility of local water storage
techniques based on literature and FWOO application.
Challenges

Based on literature in
Table 2.1

Based on
FWOO
application

Local context
1. Exploitable volumes differ due to
differences in manageability and
rechargeability.

(McCartney et al., 2013;
Van Meter et al., 2016)

2. Stored water serves additional purposes,
such as preventing saltwater intrusion into the
plant root zone.
3. Storages impact their direct surroundings,
influencing the local feasibility of other
techniques.





(McCartney et al., 2013;
Thomas et al., 2011)



4. The spatial and temporal scales of analysis
influence assessment findings regarding the
overall feasibility of local storage.

(Devineni et al., 2013;
Habets et al., 2018;
Lasage et al., 2013;
Lasage & Verburg, 2015;
Van Meter et al., 2016;
van Oel et al., 2018)



5. Uncertainty about the local availability of
water to fill local storage installations reduces
reliability.

(McCartney et al., 2013)



Water system context

6. The actual contribution of local storage to
regional objectives is influenced by
incorporating alternative sources such as
return flows, reuse and regional storage.



Farmer investment decisions
7. Costs and benefits of local storage are hard
to quantify, especially when benefits pertain to
various spatial and temporal scales.

(Lasage & Verburg, 2015;
Pandey et al., 2011)

8. Farmer investment decisions are difficult to
predict and may depart from the economically
optimal option.

(Lasage et al., 2013;
Wutich et al., 2014)

34



Challenges in assessing the regional feasibility of local water storage

LOCAL STORAGE TECHNIQUES AND THE LOCAL CONTEXT
The first challenge identified in the local context is the fact that exploitable volumes
may differ due to differences in manageability and rechargeability. The FWOO method
compares storage techniques based on their storage potential at the beginning of the
growing season, assigning the same monetary value to each cubic metre of water
stored. As such, the method bypasses the distinct characteristics of the different
storage options, and manageability remains unaccounted for. This introduces

For instance, there is a difference between ‘water-in-the-hand’ techniques, such as
Freshmaker and ASR Coastal, and ‘water-in-the-land’ techniques (the other five
techniques considered, see Table 2.1). Water-in-the-hand techniques store water in
waterbodies, from which farmers can extract it when needed. Water-in-the-land
techniques store water in the ground at or near the root zone where it is readily
available to plants. The manageability of water stored ‘in-the-hand’ is therefore
greater. Moreover, water-in-the-land is already in use while farmers can still extract
from other sources, such as nearby surface waters. As a result, it may not be available
when it is really needed. The actual usefulness of ‘in-the-land’ techniques is therefore
different from the storage potential.
Furthermore, all local storage techniques included in the FWOO assessment may be
filled or recharged multiple times during a summer period. This, too, introduces
uncertainty to the determination and comparison of their cumulative storage
capacities. In a rain event – or in the case of Wieringen and Wieringermeer, when
withdrawals can again be made from Lake IJssel – local storage can be refilled. The
recharging capacity differs across techniques and depends in part on seasonal
conditions and location, which complicates comparisons even more (Lasage et al.,
2013). These complicating factors suggest that we need to shift our focus from storage
potential to storage feasibility, as improving exploitable water availability involves
more than just increasing quantities at the beginning of the growing season.
A second challenge in assessments of local storage relates to the multiple purposes
for which water can be stored (Turner et al., 2004). For instance, stored water can
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prevent saltwater intrusion in the plant root zone. A stored volume of freshwater can
have a dual purpose if a relatively small additional amount of freshwater (e.g., provided
by the Drains2Buffer or Freshmaker technique) can prevent saline seepage into the
root zone (Zuurbier et al., 2016). Such buffering or shielding capacity confers an added
value to some stored water units, compared to water that can be used for irrigation
purposes only. However, the FWOO method cannot account for this multipurpose
characteristic.
Third, the use of certain water storage techniques can have considerable physical or
regulatory flow-on consequences, extending to adjacent areas. For instance, water
stored using an ASR Coastal system requires implementation of a ‘no go’ zone for other
wells (Ministry of Infrastructure and Water Management (I&M) & Ministry of Economic
Affairs (EZ), 2015). Techniques that raise water levels in ditches (e.g., water
conservation with small weirs) can result in additional water stored in the drainage
systems of adjacent fields. While such flow-on impacts are identified in steps 3 and 4
of the FWOO method, their interdependencies are not quantified. Nonetheless,
interdependencies can be important, as the best option for water storage might
depend on the storage activities of neighbours. It might even be possible to join efforts
and cooperate with neighbours and other stakeholders or to implement two techniques
at the same location. Therefore, the specificity of the storage location and adjacent
storage activities should also be taken into account in local storage technique
assessments.

LOCAL STORAGE TECHNIQUES AND THE WATER SYSTEM CONTEXT
The feasibility of local water storage techniques and their impacts at the water system
level strongly depend on the broader characteristics of the water system. Hence, the
feasibility of local storage options is context specific. This notion leads to our next
three challenges.
Thus, our fourth challenge is that any intervention in a water system affects temporal
and spatial water availability elsewhere. While local storage might increase the
exploitability of water at one location, it could also reduce the exploitability of water
downstream, see e.g. (van Oel et al., 2018). This applies to any storage technique, to a
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change in the water table, and to irrigation practices (Masih et al., 2011; van Halsema
& Vincent, 2012). Whether a reallocation of water is desirable from a regional
perspective depends on the regional water management objectives. The FWOO method
focuses on storing water for private use, without fully quantifying system-level effects.
This means that regional effects go largely unevaluated, given the impacts of local
storage on water availability at different locations and times, through effects on peak
flows, base flows and overall water resource distribution (e.g. Di Baldassarre et al.,

Habets et al. (2018) Lasage and Verburg (2015) and Van Meter et al. (2016).
Nonetheless, they remain poorly understood, hampering local storage technique
assessments.
The Dutch national water system, for instance, supplies multiple water management
regions. In the case study area, reduced demand for water from the central source
(Lake IJssel and Lake Marker), could potentially benefit other areas that get their water
from the same source. A better understanding of these interdependencies at the
system level could yield better infrastructure investment decisions. This could
ultimately improve the efficiency and effectiveness of regional water systems by
strategically positioning local water storages.
Fifth, there is often uncertainty regarding whether enough water will be available
locally to fill small-scale storage structures. This complicates our assessments of the
feasibility of using a local storage strategy to increase water availability. The FWOO
method assumes that water will be available in the wet winter months to fill storages
with high quality freshwater. Indeed, Lake IJssel receives much more water than it can
store, and excess is discharged into the Wadden Sea. Although the assumption of
abundant winter inflows might be valid at the case study location, it may not hold true
elsewhere in the Netherlands and around the world.
Sixth, varying preferences and needs among competing water users – particularly,
agriculture, nature, industry and urban areas – might offer opportunities for water
storage and reuse. Yet, return flows are currently unaccounted for in the FWOO
method. Water is thought of in linear flows and singular (high) quality provision.
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2018; Krol et al., 2011; WCD, 2000). These scale interactions were acknowledged by
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However, variety in the temporal and qualitative demands of different water users
might yield storage and reuse opportunities. In the Netherlands, local storage tends to
be used for supplementary water; it serves as an alternative source when other
sources (usually surface water) become scarce or fall dry. Therefore, at least in the
Netherlands, we should not limit ourselves to comparisons between central largescale storage and decentralised local storage techniques, as in van der Zaag and Gupta
(2008). Instead, we should try to understand where, how and what local storage
techniques could be applied to supplement water availability from central large-scale
sources (Figure 2.2).

Figure 2.2. We need to shift from comparing decentral (2a) versus
central storage (2b) to assessing where and how a set of local storage
techniques can support water supply from a large-scale storage
system (2c)
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According to Blanc (2014), when large and small-scale storage complement each other,
the combination of the two can improve water availability for irrigation. A better
system-level understanding allows investments in various forms of water storage at
strategic locations, resulting in improved robustness of the regional water system.
In the case study area, local storage techniques could bridge relatively short drought
peaks, delivering freshwater to the capillaries of the system. A regional freshwater
shortage analysis, as in step 1 of the FWOO method, should therefore start with an

availability at the appropriate level. The focus here would thus no longer be on storage
potential, but on the feasibility of using a local storage strategy to augment water
supply in a specific location and context.

LOCAL STORAGE TECHNIQUES AND FARMER INVESTMENT DECISIONS
The costs of investments in water storage depend on many factors. The costeffectiveness calculation for the FWOO storage techniques presented in Table 2.1
represents an attempt to compare and rank options based on the cost of storing one
cubic metre of water (Nikkels et al., 2015). The aim was to know what volume of water
can be stored and the associated costs, to explore to the optimal set of storages.
However, there are large uncertainties in storage capacity, life spans and costs of
various components. These will influence the ranking of the techniques. For informed
decision-making, a much more detailed understanding of the local context, the factors
that influence comparison (ranking) of storage options and their (financial) feasibility is
needed. This leads to our final two feasibility assessment challenges that go beyond
hydrology, categorized under the heading of farmer investment decisions.
Our seventh challenge is the fact that the costs and benefits of local storage, and
water in general, are diverse and hard to quantify (Pandey et al., 2011; Savenije & Van
der Zaag, 2002; WOCAT, 2007). Water can have cultural, environmental, religious and
social benefits, of which the perception is personal (Davidson et al., 2009; Garrick et
al., 2017). In addition, costs and benefits of extra water to irrigate crops may differ per
year and season, due to variations in commodity prices, usage, rainfall and quality, to
name just a few (Turner et al., 2004). Determination of benefits, both monetary and
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non-monetary, and trying to compare and rank options becomes even more challenging
if stored water serves multiple purposes. Beyond producing local benefits, the water
system may receive benefits from local private investments in local storage, which may
give governments an opportunity to reduce or postpone their own investments in
infrastructure, such as a centralised large-scale reservoir or flood mitigation
measures. Benefits they yield at the system level are hard to quantify and can be far
removed in both location and time. This makes fair allocation of the investment costs
another challenge, especially when the benefits of local storage are not enjoyed at the
location where the implementation costs are incurred.
Our final, eighth challenge relates to farmer decisions to invest in local water storage
which is outside the scope of the FWOO. From a policy perspective, it is important to
understand how farmers conceptualize the situation and potential solutions (Wutich et
al., 2014) and under which conditions actors make investment decisions. Economics
models often rely on a rational economic actor, who seeks to maximize a goal function
under conditions of perfect information and in the absence of biases or unequal power
relations. Empirical evidence shows, however, that real economic choices often
deviate from this model, especially if made under uncertainty (van Duinen et al., 2015;
Veraart et al., 2017). Choices are made based on value-for-money and functional
factors, but also for emotional and social reasons (Vanclay, 2004). Van Duinen et al.
(2016) found farmers’ uncertainty thresholds, aspiration levels, social network
characteristics, heuristics and expectations all to be important factors of drought
adaptation behaviour. Preferences among techniques might therefore be personal, in
which case a structured assessment method, like FWOO, might best be used as a
discussion support tool rather than for decision-making (Guillaume et al., 2016; Nelson
et al., 2002). As farmers might have personal preferences and make different
investment decisions than their peers, the focus of the discussion should then no
longer be on ‘what is right’ and ‘what can be counted’, but instead focus on ‘what
counts’, assumptions and personal reasoning, see Chapter 3&4.
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2.4. DISCUSSION AND POLICY IMPLICATIONS
The feasibility of local water storage techniques and their impacts at the water-system
level strongly depend on the characteristics of the regional water system. In our case,
some of the characteristics are not representative for other cases in the Netherlands,
nor the world. The ability to recharge local storages during the season, for example,
differs across techniques and locations within the case study area, but is not possible
in many other cases. In addition, serving multiple purposes, e.g. preventing saltwater

increasingly a problem in Wieringen and Wieringermeer (Oude Essink, 2001) – as in
many other deltas (see e.g. de Louw et al., 2010). However, the multiple purpose
function might be more related to the water system in other contexts. For example, in
more mountainous regions, the ability to influence peak flows and to strategically
release water to improve flow might be multiple purposes that should be taken into
account when comparing options, as in Thomas et al. (2011). Other purposes that go
beyond storage capacity, such as the ability to provide ecosystem services might also
be factors worth considering when comparing storage techniques, see e.g. Mul and
Gao (2016).
From a water-systems perspective, the roles of storages are relevant to consider.
Unknowns in climate trajectories and in the demand for water might call for different
roles of local storages in the future. In addition, variability of water availability between
and within years complicates the assessments of local storages (Devineni et al., 2013;
Habets et al., 2018). These variations and unknowns add to the complexity of assessing
their long-term feasibility (see e.g. Lasage et al., 2013; McCartney et al., 2013). In the
Netherlands, local storage is currently a supplementary water source; it serves as an
alternative when other sources run dry. In most parts in the Netherlands (under normal
conditions), this would be surface water, but during droughts, farmers might use piped
municipal water for irrigation, or arrange for trucks to haul in water, though this incurs
additional production costs. Elsewhere in the world, local storage may constitute the
principal – or even the only – means of increasing the amount of water available in the
growing season (e.g. Hughes & Mantel, 2010; van Oel et al., 2011).
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In other contexts, interaction between surface and groundwater (see e.g. Devineni et
al. (2013)) and the co-dependencies between built and natural water storages might
influence the feasibility of newly built storages . Mul et al. (2015) discuss how natural
storages can have positive effects on water quality, which then relates to the
maintenance requirements of built storages. Saruchera and Lautze (2019) found that in
Africa, sedimentation and poor maintenance are key factors determining performance
during the lifespan of storages. They argue that for improving the performance of
storages, strong institutions are needed and raise the issue that NGO’s and
governments may lack incentives to finance well-structured storages that have a long
lifespan. In other contexts, the regional feasibility of local water storage might be more
strongly linked to institutional and financing challenges.
The challenges related to investment decisions are not water-sector specific. They also
pertain to the energy sector, to name one example. Optimal deployment of centralized
and decentralized energy resources at the system level is a key challenge in multienergy systems (MES) and features prominently in concepts such as the ‘smart grid’
(Mancarella, 2014). Mancarella (2014) pointed to the general lack of understanding of
the economic feasibility of future ‘smart’ MES systems, under current and future
uncertainties. A comparison of the consumer energy cost for a mix of centralized and
decentralized heat and power techniques revealed that optimal solutions may be
found in combinations of both (Aki et al., 2006).
Developing policies that align private and public initiatives and support innovation
often requires changing existing institutional arrangements and their governance
(Godfrey-Wood, 2016). New policy options might emerge from social learning
approaches in which actors learn from and with others, defined as ‘learning together to
manage together’ by Ridder et al. (2005). A policy implication is that such social
learning processes could provide valuable information and insights into the factors
that influence personal preferences and could enrich the knowledge of potential
investors so they can make better-informed investment decisions. This is beneficial for
the cooperation between farmers and water managers and would contribute to
reaching both on-farm and water system objectives.
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These complicating factors strengthen our argument to shift from focussing on storage
potential to storage feasibility. Feasibility determination is very context specific; the
roles that local storages (can) play to improve regional water availability varies
depending on the unique characteristics of the water system, but also on the
objectives of (long term) water management, institutions and policy plans. See Box 2.1
for an example of the regional feasibility of a local desalinator.
We hope that the identified and discussed challenges raise awareness and function as

article concurs with van der Zaag and Gupta (2008), who called for research into the
cumulative effects of local water storage techniques. This first step provides guidance
for further research in assessing the regional feasibility of local water storage in
various settings and from different (inter-) disciplinary perspectives.
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warnings for anyone undertaking an analysis of local storage techniques. As such, this
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Box 2.1. Fource: the farmers’ fresh water source, experiences with a local desalinator 
In the first two and a half years of this PhD, I was part of a start-up, called Fource. In
partnership with Aequator Groen & Ruimte B.V., Wageningen Environmental Research
(Alterra), VGB Watertechniek B.V. and Voltea B.V., Lodewijk Stuyt and I worked on a
technological innovation to turn brackish (unsuitable) water into suitable water for irrigated
agriculture. We used "Membrane Capacitive De-Ionization" (CapDI), developed by Voltea to
extract salt from water, using a potential difference across electrodes. The idea was that we
would tailor-make irrigation water, adjustable to farmers’ preferences; see e.g. van de
Craats et al. 2016.
After almost three years, we came to the conclusion that we could not yet meet the
requirements to develop a market-oriented desalinization system, mostly due to the lack of
sturdiness, high costs, and the residual flow of high saline water. This residual flow, called
brine, influences the water system. When only one desalinization system is in use, the
effects of discharges in the surface water are small. However, when more desalinization
systems are in use, brine negatively affects surface water quality, which does not align with
Dutch regulation by water boards. At first, this diminishes the regional feasibility of local
desalinization techniques. Yet, when the locations of the desalinisation systems are
strategically placed, to make sure that the system provides the freshwater supply of the
most salt sensitive crops, it may be acceptable to have a higher salinity level in surface
waters. Another option could be the implementation of separate drainage ditches for salty
and fresh water. In the Dutch case study area of this chapter, local desalinization systems
would reduce the necessity of continuously pumping-in fresh water, significantly reducing
costs for the water board and providing options to optimize the usage of water, especially
during periods of water shortage. Scaling up of local desalinization systems is subject to
nonlinearities and may contain tipping points; an interesting avenue to further explore the
regional feasibility of local interventions.
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2.5. CONCLUDING REMARKS
The objective of this chapter was to identify and discuss challenges in assessing the
regional feasibility of local water storage techniques. We presented eight such
challenges (Table 2.2). We found that the cumulative effect of multiple local storage
techniques in a water system is not a simple aggregation of individual outcomes.
Indeed, the aggregate potential of local water storage, measured by the quantity of
water that could be stored and the corresponding costs, might differ from the amount

Thus, we argued that the focus needs to shift from storage ‘potential’ to ‘feasibility’.
Local water storage techniques may have the potential to improve regional water
availability, but our understanding of the feasibility of using combinations of different
local techniques remains vague, due to the eight challenges identified. These
challenges were grouped into three categories: local context, water system context
and farmer investment decisions. Firstly, the local context needs to be analysed and
understood before it can be included in any meaningful analysis. Feasibility depends
on the exploitability, purpose and interactions of the various water storage
alternatives. Secondly, the spatial and temporal scales of analysis have considerable
influence on feasibility. Finally, investments in local storage will hinge on the benefits
of the stored water and on the investment preferences of farmers, who are influenced
by difficult-to-quantify factors, such as risk aversion and personal values.
We conclude that in order to make the best possible policy and investment decisions
for local water storage, concerted effort is needed regarding each of the identified
challenges, to improve storage assessment tools and processes.
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of storage that such systems can feasibly be expected to provide on a regional scale.
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Regional water managers increasingly count on investments by local water users such as
farmers. Farmers’ investment decisions are difficult to predict. Local circumstances and
individual situations vary and investment decisions are made under uncertainty. Water users
may therefore perceive the costs and benefits very differently, leading to non-uniform
investment decisions. This chapter investigates whether this variation can be explored in a
workshop setting, using crossover points. A crossover point represents conditions in which a
decision maker assigns equal preference to competing alternatives. This chapter presents,
applies and evaluates a framework extending the use of the concept of crossover points to a
participatory process in a group setting. We applied the framework in a case study in the Coal
River Valley of Tasmania, Australia. Here farmers can choose from multiple water sources. In
this case, the focus on crossover points encouraged participants to engage in candid
discussions exploring the personal lines of reasoning underlying their preferences for various
water sources. Participants learned from others’ inputs, and group discussions elicited
information and insights considered valuable for both the participants and for outsiders. We
conclude that the approach has high potential to facilitate learning in groups and to support
planning.
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3.1. INTRODUCTION
Uncertainty and complexity, related to changing and variable climatic and economic
conditions, create an imperative for strategic and adaptive decision-making on
strategies to secure irrigation water availability (Allan & Curtis, 2005; Haasnoot et al.,
2013; Pahl-Wostl, 2009). To enhance adaptive capacity, long-term regional water
management plans depend increasingly on investments by local water users (Turral et
al., 2010). When on-farm investments can substantially influence regional water
availability, regional water management organisations need a good understanding of
how and when decisions are made to invest in water. If multiple irrigation water
sources are available, farmers may display a clear personal preference when

individual’s reasoning regarding options. Reasoning and preferences on irrigation
options may vary for many reasons: heterogeneity of local circumstances and
situations; real and perceived uncertainties; perceptions of the value of water for
irrigation; and tacit knowledge. Generically speaking, personal preferences may differ
depending on (1) the set of factors considered, (2) how the factors are understood and
integrated into reasoning and (3) the value that individuals attach to each factor.
Whether implicit or explicit, farmers base their investment decisions on individualised
reasoning (Öhlmér et al., 1998). Assuming that a group of farmers will uniformly invest
if a model indicates a venture to be “worthwhile” might therefore be inaccurate. This
suggests the need to better understand the personal reasoning process that underlies
decisions on water needs and preferences among sources. Such insight could be
particularly valuable to other water users, alongside irrigation scheme designers and
water managers.
Crossover points can be used to compare personal preferences and analyse the
reasoning underlying them. A crossover point indicates the conditions under which an
individual equally favours two alternatives. Analysis of crossover points, expressed as
points of indifference, focuses on two key questions: (1) Under what conditions does
one alternative out-favour another? (2) What drives personal preference? Crossover
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comparing alternatives. A personal preference is determined by the sum of an
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analysis is a broadly applicable concept rather than a specific evaluation method (Frey
& Patil, 2002). It has been applied for a wide range of purposes:
 to assess the economic feasibility of crop production under uncertainty (Dillon,
1993)
 to determine breakeven points in cost and utilization of managed medical care
((Boles & Fleming, 1996)
 to study points of indifference in pigeons between a small portion of food now
versus a delayed but bigger portion (Mazur, 2000)
 to determine at what distance from an existing utility line a stand-alone
alternative energy system becomes cost-effective compared to a conventional
transmission line (Ekren et al., 2009)
 to assess uncertainties in the costs and benefits associated with managed
aquifer storage and recovery for improving irrigation water use efficiency at farm
level (Arshad et al., 2014)
The crossover point concept has also been used to explore the sensitivity of modelled
outcomes to assumed values for relevant factors in Multi-Criteria Analysis (MCA)
(Guillaume et al., 2016; Hyde & Maier, 2006; Ravalico et al., 2010). Guillaume et al.
(2016) built on the idea of crossover points to help analysts intuit how crossover points
change when adjusting input values in a MCA, specifically, in regard to irrigation water
storage options and the footprints of a vegetarian versus non-vegetarian diet. These
authors developed an interactive web interface that visualises the consequences of
assumptions on rankings of alternatives. This tool helps analysts to explore crossover
points in a learning context.
Discussing crossover points has considerable potential in supporting learning among
actors. However, this can best be achieved when the analytical power of crossover
analysis is put in the hands of stakeholders. Voinov et al. (2016) encouraged the
addition of stakeholder experience and expertise in modelling processes. Yet, many
existing decision support applications assume an objective “optimal” outcome based
on a decision rule and clearly defined factors that can be captured in a model, such as
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cost minimisation, in which the cheapest alternative emerges as “best” (e.g. Arshad et
al., 2014; Ekren et al., 2009). Avoiding the assumption of a single “best” option
broadens the discussion, as in many cases “what is best” is far from objective but is, at
least in part, a personal preference subject to change over time (Hermans et al.,
2006b). It may even be political (Hellegers & Perry, 2006).
This chapter contributes to the crossover literature by presenting a framework that
extends the use of the concept of crossover points to a participatory setting. The aim is
to elicit discussions among water user on investments in irrigation water sources. This
is somewhat analogous to what Nelson et al. (2002) termed ‘discussion support’ rather
than ‘decision support’. The discussion of crossover points in groups is open-ended

point indications need not be certain or “right”, and no agreement on probabilities is
required. This shifts the crossover exercise away from problem solving towards a
learning mode, with future uncertainties, personal reasoning and assumptions at the
forefront. The main aim of this new approach, termed participatory crossover analysis,
is to engage participants in a dialogue that explores the personal reasoning process by
which preferences are defined. During the discussion, participants receive input from
others and contribute their own information and insights regarding qualitative and
quantitative aspects of alternative irrigation water sources for the benefit of both the
participants and outsiders. Pahl-Wostl (2017) considered such informal sharing and
integration of knowledge as key for improving water management and governance.
To provide a first, low-stakes test of the framework, we applied it in the Coal River
Valley of Tasmania, Australia, where farmers have access to multiple water sources.
We begin by presenting the method of participatory crossover analysis and examine its
use in the case study. We then explore the implications of the participatory crossover
exercise and evaluate the framework.

3.2. MATERIALS AND METHODS
We developed a step-wise framework for participatory crossover analysis that can
serve as a checklist for organising a workshop. The framework is formulated in general
terms, to allow its application in various settings and situations. We tested the
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and subjective, and no single “optimal solution” is pursued. Indeed, personal crossover
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framework, with both a practical and a theoretical aim. The practical aim was to
facilitate discussions among experienced farmers about irrigation water sources in the
Coal River Valley of Tasmania. Specifically, participants discussed how and why their
crossover points differed and any changes in their reasoning over time. The theoretical
aim was to test whether the framework was applicable (yes or no) and worthwhile
(measured by whether participants perceived it as useful). To evaluate the theoretical
component, a two-step evaluation process was developed.

FRAMEWORK FOR PARTICIPATORY CROSSOVER ANALYSIS
Figure 3.1 presents the five-step participatory crossover analysis framework. Step 1
concerns the aim of the exercise. Why will a participatory crossover analysis workshop
be useful? What discussion and learning is expected? Table 3.1 lists the aims that
participatory crossover analysis can satisfy. Proceed to step 2 only if the aims are clear
and suitable.
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Fig. 3.1. Stepwise framework for participatory
crossover analysis

Step 2 is to analyse the situation and context of the foreseen participatory crossover
analysis workshop. This may involve interviews with proposed participants and should
lead to a preliminary identification of alternatives, existing personal preferences and
the factors that influence personal preferences. Table 3.2 lists conditions required for
participatory crossover analysis to succeed. Proceed to step 3 only if all the conditions
in Table 3.2 are satisfied. This may require taking actions that establish suitable
conditions, as was done in Chapter 4.
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Table 3.1. Participatory crossover analysis is considered suitable to achieve one or more of the
following aims
Elicit personal reasoning

Participants will be encouraged to share the factors they
consider in decision-making, what those factors mean to
them, how they integrate them and the value of each

Improve understanding of

Participants will be given opportunities to reflect on their

where differences in

own personal reasoning and compare it with others, helping

preferences come from

them to learn why preferences differ

Explore robustness of personal

Participants will learn about the conditions under which

preferences

preferences change, gaining a sense of their robustness.
This encourages them to think about the likelihood that such
conditions will occur

Provide inputs for regional

Sharing decision rules and preferences and providing

planning affected by individual

background information for planning will help participants

decision-making

make or better understand investment decisions

Step 3 is to design the workshop. Design affects both the workshop process and the
content of the discussions (Scholz et al., 2014a; Stringer et al., 2006). Think about who
will participate. What is their role? Where will the workshop take place? How long
should the workshop last? What visual aids might benefit the discussions? The
answers to these questions will help determine how the concept of a crossover point
should be introduced and what crossover points will be discussed.

54

Participatory crossover analysis to support discussions about investments in irrigation water sources

Table 3.2. Participatory crossover analysis is considered suitable only if ALL of the following
conditions are met
Preferences are

In participatory crossover analysis, there is no objective optimum.

subjective

Uncertainty is recognized in assessment of alternatives, and
reasoning is understood to be at least partly individual. In other
words, what is “best” for me might not be “best” for you. To decide
what is “best”, we each have our own personal decision rules based
on explicit and tacit knowledge. If this condition is not met, a more

At least two discrete

Participatory crossover analysis requires at least two discrete

alternatives to

alternatives to compare, based on one or more factors, which may be

compare

uncertain or incomplete. Alternatives may be, for example, whether or
not to invest or to adopt an innovation. The crossover concept does
not easily translate to continuous decisions, such as how much to
invest.

A dialogue situation

Participatory crossover analysis requires opportunity for a dialogue,
for example, a group discussion, in which participants experienced
with the alternatives are willing and able to share their reasoning,
with minimal reason to withhold information. Participants need to be
open to reflection. They must be able to conceptualize the
comparison of the alternatives, to express and explore the
explanations underlying their personal preferences.

A facilitator present

Participatory crossover analysis requires a facilitator who can handle
the range of experience and expertise among participants. The
facilitator maintains a safe environment for the participants to share
and manages the process in such a way as to “deepen” the dialogue.

Step 4 is to facilitate the workshop. The main role of the facilitator is to quickly pivot
from the identification of a preference to the underlying reasoning, aiming to increase
the depth of the dialogue, drawing on participants’ expertise and experience.
Participants are encouraged to identify and expand on influential factors, and how
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structured approach could be used (see, e.g., (Guillaume et al., 2016)).
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these affect their personal preferences. The facilitator informally guides discussions
among the participants, while looking for (1) differences within the group and the
origins of such differences (reasoning) and (2) consensus within the group on factors,
reasoning and thresholds.
Step 5, the last step, is an evaluation process. The aims of the workshop are central
herein. An evaluation can be a short recapitulation of the topics addressed and
insights gained during the workshop, it can seek information from the participants on
the perceived usefulness of the exercise, or the process itself can be evaluated.
Additionally, an evaluation can aim to capture tangible outcomes, for example, the
impact of the workshop in future decision-making.

TESTING THE FRAMEWORK
CASE STUDY AREA
We applied the framework to a case study in the Coal River Valley of Tasmania,
Australia. The valley is a prime agricultural area in South-East Tasmania (Figure 3.2).
Coal River Valley presented a situation that seemed to meet the first two conditions for
participatory crossover analyses; that is, farmers’ preferences regarding irrigation
water sources were subjective, and there were several alternative water sources that
could be compared (see Table 3.2).
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Fig. 3.2. Map of Tasmania, with the Coal River
Valley in the red circle

The third condition, a dialogue situation, seemed to be present as well. In 1967, after
devastating bush fires, the Coal River Products Association was established to improve
cohesion among farmers. It can be seen as a community of practice, as defined by
Wenger (1998). The association has been very successful. It was significant in
encouraging farmers to try new crops and in building public and political support for
irrigation schemes. The elected members of the association’s executive committee
represent the range of farm enterprises in the valley. All the members knew one
another and had a history of knowledge sharing at monthly meetings addressing a
range of topics. This gave us sufficient confidence that a dialogue situation could be
created during a workshop with members of the executive committee as participants.
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Farmers in the valley have gained experience with irrigation since construction of the
Craigbourne Dam in 1986. Since then, the valley has changed more than anyone
expected. The direct and indirect benefits of irrigation water were initially hugely
underestimated, and farmers have developed their enterprises and intensified and
increased their demand for labour (Lejda et al., 2009). Water demand in the Coal River
Valley has thus been on the rise since 1986, leading to development of other irrigation
schemes and recently to the use of recycled wastewater from neighbouring
communities. The valley currently has multiple, very distinct water sources. We
selected the oldest, cheapest and most expensive as relevant to discuss:
 Craigbourne Dam. The Craigbourne Dam is the oldest and first communal source
of irrigation water that farmers invested in (Tasmanian Irrigation, 2019a).
 Reuse. Treated wastewater from nearby municipalities is by far the cheapest
source of irrigation water. Wastewater from the nearby city of Hobart may offer a
way to extend this water source in the future (Tasmanian Irrigation, 2019b).
 SE3. Water from the South-East Stage 3 project, provides the most expensive
water of the State (Tasmanian Irrigation, 2017) and commenced operations in
October 2015. It could sustainably provide much more irrigation water than at
present, though the development of irrigation schemes depends on investments by
both water users and the state (Tasmanian Irrigation, 2019c).
The Coal River Valley is held up as an example of the value of irrigation water for other
areas in Tasmania (Lejda et al., 2009). In this regard, the Tasmanian setting is
particularly interesting, as a long-term state policy objective is to increase agricultural
output through irrigation and innovation (Tasmanian Irrigation, 2012a). This objective
has propelled government initiatives to build new irrigation schemes to facilitate a
transformation from dryland cropping to more intensified forms of irrigated
agriculture. The approach taken in the design of new irrigation schemes includes a
preliminary phase in which sufficient farmers must commit to buying water rights to
cover at least 30% of the construction cost of the scheme. The other 70% is covered by
the Commonwealth and Tasmanian governments. Commitments at the preliminary
stage define the design of the scheme and the diameter, or supply capacity, of the
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irrigation pipes. As such, regional water availability is influenced by the decisions of
water users, though they may be inexperienced in irrigation. It might therefore be
beneficial for such farmers – and other stakeholders – to learn from the insights and
reasoning of those with experience in making investment decisions on a new irrigation
scheme in a comparable valley.
Experienced farmers will likely have garnered skills and information that influence
their irrigation water demand and preferred water sources. What would be their
preferred source of irrigation water if they had to make an investment decision now?
Facilitating a discussion among experienced farmers about water sources might
enable farmers to learn from one another. Their insights could provide valuable
background information for investment decisions by other farmers, irrigation scheme
Chapter 3

designers and water managers.

INTERVIEWS
In October and November 2016, we conducted in-depth interviews with all farming
members of the executive committee of the Coal River Products Association. These 13
persons were also intended to be workshop participants. The interviews lasted 1-2
hours and were geared towards exploring diversity and gaining a better understanding
of farming in the Coal River Valley. The interview was set up in two parts. The first part
was an accompanied survey to obtain the range of values for initial and operating costs
of the various water sources. The second part was more open-ended, asking questions
about the context and relevant factors when considering different water sources. We
then introduced crossover analysis to each participant and discussed how water
sources could best be compared in the workshop setting (Appendix IIA presents the
interview guide).
The interviews were recorded and transcribed. Interview findings were used to check
whether all the required conditions were met (Table 3.2) before proceeding to
workshop design.
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WORKSHOP DESIGN
The workshop was held in late February 2017 in a meeting room at University Farm,
where they regularly meet. The 11 participants (2 members could not attend) were
seated in a U-form, allowing them to see each other and the facilitator. The workshop
was scheduled for an evening, and lasted 3 hours. It began with an introduction to the
task, followed by two discussion sessions separated by a coffee break, and an
evaluation and wrap-up.
The facilitator – the same person who had conducted the interviews – started the
workshop by presenting the interview findings, specifically the range of values
obtained for the relevant water source characteristics (Table 3.3). However, the
perceptions of these values elicited in the interviews left two key questions
unanswered: “Where do these different perceptions come from?” and “How do these
differences in perceptions affect personal preferences?” This is what was discussed
during the rest of the workshop. To reduce the risk that the discussion would be
restricted by actual water accessibility, which varies within the valley, we used a
hypothetical case where all three water sources were available and no on-farm
infrastructure was yet in place.
The discussion centred on how much one characteristic of the most preferred water
source for a type of enterprise had to change before personal preferences shifted to an
alternative water source. The facilitator introduced this discussion with a topic
question in the form, “How (much) does characteristic X have to change for you to
switch from your initial preference to second best?” Participants were asked to
indicate their initial crossover point via a PowerPoint add-in for polling called
TurningPoint (Turning Technologies, 2019) and to indicate how confident they were
about their crossover point on a personal worksheet. The facilitator then displayed the
range and the average of the answers, which were anonymous.
Specifically, the five topic questions were the following:
1. How much does the cost price of water rights for SE3 water have to change before
other water sources become relevant for perennial crops? Why?
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2. How much does the cost price of the water rights for SE3 water have to change to
make it the preferred water source for annual crops? Why?
3. How much value per megalitre (ML, or 1,000 m3) do you have to create to still
prefer SE3 above alternatives? Why?
4. How much does the reliability of Craigbourne Dam water have to improve to
become your preferred water source for perennial crops? Why?
5. What characteristics of reuse water would have to change for it to become your
preferred source for perennial crops? Why?
To begin the discussions, the facilitator asked for a volunteer or picked someone,

them personally to change their preference. Why or why not? Other participants then
expanded on this initial personal reasoning, adding to the discussion why their own
crossover point did or did not differ. The facilitator allowed and even encouraged
participants to raise the influence of other characteristics likely to influence the
crossover point. After about 15 minutes, or when participants had no more differences
to discuss, the facilitator concluded the topic by asking participants to enter their final
crossover point in TurningPoint. Again they were asked to record their level of
confidence about their crossover point on their worksheet. This time they were also
asked to record whether their answer had changed and if so why.

EVALUATION OF THE WORKSHOP
The workshop was recorded with a voice recorder and transcribed verbatim. A note
taker took notes during the process on the usefulness of the discussions in generating
transferable content and knowledge. To address the theoretical component, or the
process, the note taker recorded observations on group dynamics, particularly
engagement, attitudes and signs of problems. A twofold evaluation process was
employed. First, to provide preliminary feedback on the process, we asked participants
to evaluate the workshop and their learning. For this they filled in an evaluation sheet
with both open and multiple choice questions on topics such as their level of comfort
in talking honestly about their preferences and personal reasoning, the perceived
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asking them whether the reported change in characteristics, on average, would lead
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usefulness of the workshop for themselves and others and the pace of the workshop
(see Appendix IIB for details). More detailed follow-up came later in the form of
telephone interviews two to five weeks after the workshop. These interviews focused
on the process and on learning-related outcomes and lasted between 15 and 25
minutes. They were recorded by one of the authors, transcribed verbatim and analysed
thematically. The questions addressed the added value of the crossover concept and
the value of the group discussion. Participants were asked what they remembered as
particularly useful or interesting and if and how the workshop had changed their
thinking and decision-making, as well as the perceived usefulness/value of the
discussion to themselves and to others. Appendix IIC presents the guide for the
telephone interviews.

3.3. RESULTS
This section examines the results of the exercise. These are presented by first
regarding the practical research component, that is, assessments and perceptions of
the alternative water sources. Then, results are examined regarding the process, in
other words, the theoretical component of the case study.
PRACTICAL COMPONENT: CASE-SPECIFIC RESULTS ON WATER SOURCE PREFERENCES

INSIGHTS FROM THE INTERVIEWS
All participants mentioned cost, quality and reliability as important factors, or
“characteristics” as participants called them, in their water source preferences. Table
3.3 displays the range of values mentioned for the most relevant characteristics. Costs
were divided into upfront capital and annual running expenses. The annual component
of SE3, which is delivered under pressure (no pumping costs), includes a fixed cost
independent of use and a variable cost in relation to the water supplied. The variable
cost further depends on the farm’s location in the irrigation scheme.
Some participants indicated that sources varied in “manageability”, which is related to
the ability to trade water with neighbours and flexibility of use (water may be available
on demand or be provided as a constant flow over the summer). Some of the relevant
characteristics could be defined in different ways, and this might have influenced
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personal preferences. For example, water quality encompassed an array of parameters
and a range of threshold values relevant to suitability for the purpose of an enterprise.
Table 3.3. Water sources and range of values for the most relevant characteristics
Craigbourne Dam

Reuse

SE3

$1,000-$2,500

$0

$2,500-$2,700

Annual cost per

$105 plus pumping

$10-$70 plus

$135 fixed + $170-

ML at farm gate

(up to $150)

pumping (up to $150)

$211 variable

Variable but often

Comes with

Almost drinking

too poor for sensitive

restrictions on

water quality

crops
60-90%

applications
and
80-100%
crops

95% (according to

Capital cost per

Cost

ML (water rights)

plus pumping
cost to put it in

Quality

Reliability
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on-farm dams

Tasmanian Irrigation)

Note: ML = megalitre, or 1000 m3.
Participants linked their water source preference and willingness to pay to the crop
they grew with the water. In some cases, non-monetary factors were also in play, and
these went some way in certain cases towards bridging the gap between the cheapest
and most expensive sources, possibly making the latter worthwhile. One participant
said, “The two characteristics I find most important are high reliability and high

quality. For that, I pay whatever I need to pay to irrigate my orchard.” Another
participant said, “I will deal with whatever reliability or quality, but I am really focused

on cost. Cost is actually all I look at; if it gets higher than I want to pay, I will not grow a
crop and will sell my stock.” These two quotes represent opposite ends of a spectrum.
Based on the recommendations of the participants, we divided the farm enterprises
into three types: livestock, annual cropping and perennial cropping. As Table 3.4
shows, these enterprises have relative differences in their demands regarding water
source characteristics.
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Table 3.4. Relative differences of demands for water source characteristics as discussed
during the interviews, based on farm enterprise type
Livestock

Annual cropping

Perennial cropping

Cost (willingness to pay)

Low

Middle

High

Quality demand

Low

Middle

High

Reliability demand

Low

Middle

High

Manageability

High

Middle

Low

We also learned that the valuations assigned to characteristics of both water sources
and enterprises were subject to change. Indeed, over the years, most participants’
willingness to pay for water had evolved. For example, one participant stated: “I

remember when water from the Craigbourne cost $15/ML and it went to $20/ML and
we all thought it was too dear. Sometimes you have got to pinch yourself and realise
that I’m about to spend $250,000 just to get access to 50 ML of water. If someone
would have told me this 10 years ago, I would have thought he was living in fairyland
but perceptions change. If I tell other growers about the reality of irrigation water they
often don’t believe me. However, you really need a crop that generates the value that
covers the costs.”
INSIGHTS FROM THE WORKSHOP
Our insights from the workshop are focused on the discussion rather than the specific
values assigned to the crossover points or their changes. Nonetheless, Appendix IID
provides an indication of the crossover points. Participants’ reasoning is fundamental
in determining the crossover points and therefore likely to be more transferrable and
relevant to other farmers, water managers and policymakers than the crossover points
themselves. Crossover points, and even changes in crossover points or confidence
levels before and after the discussions, may simply be an artefact of the facilitation
process (e.g., providing a better understanding of the question). These results are
clearly subject to change, case-study dependent and by no means representative.
There is also a risk that crossover points may be misinterpreted when lacking context.
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Our reporting of the discussion focusses on reasoning and insights with a summarizing
sentence at the beginning of every paragraph, accompanied by a reflection on the aims
in Table 3.1 at the end of every paragraph.

What is water worth?
The first three questions of the workshop focused on willingness to pay for water.
Participants discovered that within the group there were distinct ways of accounting
for the various components making up the total cost of water. These contributed to
very different views on investments in water rights. The factors considered, the way
these factors were brought together, and the assumed cost of the different factors
turned out to be subjects of personal perception. Some reported seeing water as a

interest rate of their loan to procure water, which would lead to a higher willingness to
pay, compared to participants who integrated the cost of water rights into their yearly
budget, similar to the purchase of an irrigator or a tractor. Some thought that water
would increase in value, while others disagreed. Some expected interest rates to go up
in the future, making water more costly if you had to borrow from the bank to finance it.
Participants also disagreed on whether a bank would lend money to buy water or not,
and about whether buying water is equivalent to buying more land. These different
views suggest the usefulness of following up the workshop with a more quantitative
study to provide information or advice about strategies to integrate the cost of water
rights into a yearly budget.
After several minutes’ discussion about the minimum value that needs to be generated
per megalitre to still prefer SE3 over alternatives, one participant came up with a rule
of thumb. He reasoned, “For me, it would be $6,000/ML. I base that on $300 annual

cost and 10% of the cost of the water rights, another $300, and so $600/ML. I use the
rule of thumb that the cost of water should be around 10% of the budget to grow a
crop. If you grow fruit, I reckon that if you need more than 10% for your water you go
backwards because you have a lot of other expenses that come in as well; wages are
huge costs for me, investment in capital, fertilizer and marketing.” This very explicit
line of reasoning began with a discussion on the robustness of preferences, which
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unfolded into exchanges about this personal rule of thumb. Some participants agreed
that although they had not considered the rule before, the 10% was a good figure to
aim for. Others reasoned that this figure might be applicable to fruit trees but not
annual crops, as water is just one of the many costs involved in growing a high-value
crop such as fruit trees. For most annual crops, the percentage spent on water could
be greater as there are fewer other inputs. Both the average value of crossover points
and the level of confidence (how confident participants were about their crossover
point) increased during the discussions. By explaining and exploring the specific rule of
thumb, participants gained a better understanding about where differences in
willingness to pay for water came from.
There was strong consensus in the group about minimum value generation. Based on
their experience and the scale of cropping in the valley, participants agreed that it was
impossible to make a profit from either livestock or traditional annual crops (e.g.,
cereals) using SE3 water. Use of this water source would thus involve a change of
enterprise to a high-value crop, preferably “with a contract in your pocket” before
investing in water. They did note that the situation might be different for larger farms,
as they knew of farmers growing annuals with high-value water in nearby valleys. The
finding, based on end-user experiences, that investment in high-value water would
require a change in enterprise and everything that comes with such a change, are very
relevant for other farmers, irrigation scheme designers and water managers.

Where does reliability come in?
There seemed to be consensus among the participants about the minimum reliability
needed for perennial crops: irrigation water bought for use on perennials needed to be
at least 95% reliable. For some, preferences were very robust: Craigbourne Dam water
would never be suitable, because the quality and the reliability of Craigbourne water
was not good enough. The crossover points on reliability and the associated confidence
levels stayed the same during the discussions. However, there was much debate about
the meaning of reliability and how scheme management affects reliability. One
participant said that if there was a guaranteed minimum supply to at least protect your
trees from dying, there would be a crossover point somewhere. Another argued that if
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water was cheap enough, you could buy water rights to have “up your sleeve” if your
main source was restricted. Others pointed out management benefits of Craigbourne
Dam compared to SE3: (1) “The reality is that the delivery process makes a big

difference. When there is not enough water for everyone, water trading kicks in. We
learned in the last 20 years that during a drought some people end up buying water and
other people sell, probably making more money than they would have if they applied it
to their low value crop. Craigbourne allows you to buy the yearly water rights from
others that do not need it as much.” (2) “Craigbourne is a public dam that is holding the
water for you. If you buy SE3, you still need a big farm dam, so you are duplicating what
is already been done for you.” (3) “SE3 gives you water during 180 days a year while you
“Craigbourne actually pays for evaporation while with SE3 you pay for it yourself.”
Differences in experiences and in the practical meaning of reliability influenced how
participants factored this characteristic into personal decision rules. A preference for
other sources seemed very robust if high reliability was demanded but could not be
guaranteed.

What restricts reuse?
When discussing reuse water, participants agreed that restrictions and regulations
needed to be reconsidered, as they were currently hampering uptake. However, they
did not agree on which characteristics of reuse water would have to change for it to
become the preferred source for perennial crops. Various inhibitive factors were
mentioned for reuse water: costly regulations on groundwater monitoring, restrictions
regarding empty creeks, regulations demanding that fully grown crops be “washed”
with non-reuse water before harvest, and differing regulations for the domestic and
international market. Some participants thought that restrictions on reuse water were
different in mainland Australia.
Allocation of reuse water was another issue raised as this source is allocated in a yearto-year procedure instead of long-term water rights. Such flexibility in allocation of
water might benefit particularly the water provider, as participants said they would
rather know their allocation for at least five years, in order to plan ahead. This
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indicates that there is room to improve supply management of reuse water, and a
better understanding of the costs and restrictions might influence farmers’ willingness
to pay. However, “optimal” management is influenced by the perspective taken, as
what is best for farmers might not be best for water managers.
THEORETICAL RESULTS: THE PARTICIPATORY CROSSOVER ANALYSIS PROCESS
Participants differed in their abilities to provide or expand on explanations for their
initial crossover point. Some seemed initially unable to conceptualise their reasoning.
When asked about their initial crossover point, they answered something like, “that is

just what I think”. Nonetheless, after others explained their personal reasoning, they
found that they actually could react, compare and define where and why certain
arguments did or did not apply to them. Here, the facilitator played a significant role by
encouraging participants to explain their “why”.
During the course of the workshop, participants began asking each other more and
more questions. The coffee break proved important here, as discussions went on,
reflecting, explaining and comparing – sometimes ending in an agreement to disagree.
Once participants began asking each other questions, the discussion really benefited
from differences in background and fields of expertise.
The evaluation indicated that the participants felt willing and able to share their
reasoning and listen to each other. They felt comfortable talking honestly about
preferences and personal reasoning, and they were confident that others had been
honest during the process (Appendix IIB). Only one participant did not take part in the
discussion, explaining during the later telephone interview that they did not feel
comfortable talking, but that listening to others had been very interesting and
meaningful. The facilitator and workshop design thus succeeded in providing an
environment in which participants were at ease and able to contribute and learn.
Though participants agreed that the process as a whole had been interesting, their
opinions were more varied on whether it would influence their decisions. Some said
they were already committed to a particular water source, and others had been
working in irrigated agriculture for so long that such a short workshop seemed of little
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influence for them. However, most participants did indicate that the workshop would
have some influence on their decision-making, as it contributed to the gradual
development of their perspective or intuitive understanding of options, values and
alternatives.

3.4. IMPROVEMENTS AND LIMITATIONS
GROUP COMPOSITION
In the case presented here, participants varied in their backgrounds and fields of
expertise within a farming context. Nonetheless, the group can be considered
homogenous as all were experienced irrigators with the same goal: optimising water

sharing, knew each other personally and trusted the legitimacy of the process. Thus,
the presented case should be situated in the lower left quadrant of Figure 3.3.

Fig. 3.3. The presented case study took place with a homogenous
group that knew each other beforehand
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Due to the nature of the Coal River Products Association as a community of practice,
participants might have been particularly interested in each other’s reasoning
beforehand and therefore more open and willing to learn than in cases without a
community of practice in place. It would be valuable to test the framework with a more
heterogeneous group, in which preferences are based on different backgrounds,
perspectives, expertise and especially, different scope of involvement in the issue
being discussed. An example discussion topic in the Coal River Valley could be, “Under
what conditions is reuse water the most suitable source to increase water availability
in the valley?” Policymakers, water engineers and farmers could all be involved,
providing a heterogeneous group. Such a workshop could allow stakeholders to “learn
together to manage together”, which is how Pahl-Wostl et al. (2007b, p. 3) define social
learning.
There is widespread agreement in the social learning literature that focusing on “how
perspectives influence problem definition and preferred outcomes or solutions” is
fundamental when managing natural resources like water (e.g. Leith et al., 2017;
Mostert et al., 2008; Pahl-Wostl et al., 2008a; Tompkins & Adger, 2004). Such a
discussion would be situated in the top left quadrant of Figure 3, as most stakeholders
would know each other. In such a setting, the dialogue situation changes in that
specific efforts would be needed to ensure that our third condition – a dialogue
situation (Table 3.2) – still holds. In a more heterogeneous group, legitimacy of the
process might be more contested, and participants might have incentives not to share
information. Crossover point determination could also be used strategically, for
example, in discussing willingness to pay for water in a negotiation setting. In such a
setting, the filled in crossover points become even less relevant. However (qualitative)
reasoning might be less prone to strategic use and may still provide a solid basis to
help clarify diverse personal preferences. As a method for understanding the reasoning
underlying preference outcomes, participatory crossover analysis could become a
valuable tool to facilitate social learning, especially in early phases of participatory
processes.
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All of our participants indicated that the outcomes of the workshop would be of
interest to other farmers, but some mentioned limitations as well. In particular,
actively taking part in a discussion was said to provide a greater opportunity for
learning than reading about the outcomes of a discussion that others had. Participants
acknowledged that their own learning about how water can be used was a slow and
iterative process. Most workshop participants benefited from lessons gained over
years. As one participant explained, “When I started farming, I was not irrigating. Then,

the Craigbourne scheme came along, basically putting water on my farm for nothing.
You just bought your irrigators and started. So, we did not think about the benefits and
how much this water is worth. We already had a start. We all were doing something and
to buy water and all the infrastructure up front. If Craigbourne would have had the
characteristics that SE3 water has today, I wonder if we would have a scheme in the
valley. Would we have dug deep in our pockets for it? I wonder if we would be growing
crops at all. The focus on perennial crops and with that our water demand, only went
up after years of experience.”
This statement led to a discussion in which other participants suggested that their

“slowly gained” experience could be used to speed up the learning curve for others
through crossover discussions. In the Tasmanian setting it might be interesting to
bring experienced irrigators together with dryland farmers from valleys with irrigation
potential to exchange knowledge and ideas. This could be facilitated by a crossover
workshop. Both experienced and inexperienced irrigators could explore and explain
their reasoning together, while acknowledging differences in farming context, as in the
bottom right quadrant of Figure 3. This approach would be suitable only for groups in
which participants are willing and able to share, explain and listen.

WORKSHOP STRUCTURE
A workshop structured on an explicit model of costs and benefits would have had other
objectives and hence produced completely different results. This would likely have led
to a dissimilar learning experience for the participants. When asked for
recommendations to improve the workshop, some participants did suggest providing a
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cost model calculating at what point it is “worth it” to invest in water, like the
crossover model of Guillaume et al. (2016). Such tools exist in many forms and are
being applied, for example, by agronomic consultants to assist individuals and groups
in making investment decisions. Although we acknowledge the value of quantitative
approaches, our qualitative approach pursued different aims (Table 3.1).
The added value of the approach presented here is in encouraging participants to
challenge established beliefs, to be open and discuss their considerations candidly
with each other. It was not aimed at objectively determining the crossover point where
a farmer would turn a profit; it was about learning what a range of farmers considered
when faced with an investment decision and where differences in preference came
from. Thus, the most appropriate approach would be highly dependent on the aims.
Combined approaches could also be applied as combinations can complement each
other (see e.g. Alamanos et al. (2018)). A more cost-oriented crossover discussion
could be used as a follow-up, especially as workshop participants were found to have
distinct strategies for integrating the costs of water in their yearly budgets. Such a
workshop could make use of an interface that visualises the consequences of
assumptions on cost and benefits on rankings of alternatives, see Guillaume et al.
(2016).
Participants widely agreed that some of the framing questions in the workshop were
confusing. This was in part because some were ambiguous, but also because the idea
of discussing a crossover point based on a single variable was initially confusing.
During the workshop, the facilitator made clear that the single variable merely defined
the angle of the discussion, without precluding other variables from being mentioned.
Then, the discussion moved quickly from the observation that selecting preferred
options depends on many variables, to articulating those variables and, over the
course of the workshop, to interrogating each other’s thinking and analyses as to why
some variables were more important than others. This indicates a need for the
facilitator to better explain the angle of the discussions at the start of the workshop.
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CAPTURING USEFULNESS TO PARTICIPANTS
Part of the evaluation focused on the workshop’s perceived usefulness to participants.
Eight participants indicated in the evaluation that the crossover framework provided a
valuable way to support group discussion. Or, as one of the participants stated, “I liked

discussing irrigation water sources this new way.” Nine participants said that the
process had been valuable in influencing their thinking about complex water
investments. During the phone interviews, most said that they would recommend the
workshop to other farmers and agreed that the content of their discussion would be
interesting for others. An avenue for future research would be to seek improved means
to capture different forms of usefulness and outcomes of workshops in similar

Participation does not necessarily mean that learning is occurring (Collins & Ison,
2009), and evaluating the outcomes of participatory workshops aimed at learning is
widely recognised as challenging (Cundill & Rodela, 2012; Kenter et al., 2016b; Rowe et
al., 2008). Participants might find it difficult to indicate that they “learned something”
(e.g. Dryzek, 2006), and might find it even harder to make explicit “what” they learned
and how it will influence future investment decisions. In our evaluation, we therefore
asked the participants whether the workshop was useful enough for them to
recommend it to others or even to participate in another one. If the answer was yes,
the workshop was considered likely to have produced new learning or insights. Our
evaluation confirmed this, though participants could not directly link their learning in
the workshop to specific decisions.
Reflecting on their personal reasoning and learning from and with others to understand
why crossover points differed turned out to be both relevant and useful. This learning
is in our case decoupled from decision making. Decoupling learning from decision
making allows participants to bridge divides, moves the discourse away from strategic
calculative reasoning and improves dialogue conditions (Dryzek, 2006; Kanra, 2012).
Participatory crossover analysis deliberately avoids trying to simplify the context and
come to a decision that is “best”. However, it still asks participants to examine and
verbalise their decision-making process. Consciously comparing between alternatives
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can lead people to focus on an incomplete set of attributes (Wilson & Schooler, 1991),
and having to verbalise one’s reasoning can produce even larger biases (Schooler et al.,
1993). Besides, focusing on computable factors may be insufficient when trying to
solve complex problems (Carpenter et al., 2009). Research in social psychology clearly
demonstrates that the more complex a problem is, the less likely it is that conscious
thought can contribute much as the subconscious is much better at associating,
integrating, elaborating and weighing in complex situations (Dijksterhuis, 2007). On the
other hand, intuitive thinking (doing what feels best) is also prone to many biases and
that conscious thinking (thinking slowly) is often necessary to make the “right”
decision in complex situations (Kahneman, 2011). Our evaluation results indicate that
part of the perceived usefulness lay in the linking of conscious and intuitive thinking.
We therefore suggest that research connecting participatory crossover analysis to the
social psychology domain might be particularly fruitful to further improve the
framework.

3.5. CONCLUDING REMARKS
The participatory crossover analysis framework, as presented, applied and evaluated
in this chapter, shows promise in supporting group discussions. We applied the
framework in a setting where participants knew each other and shared the common
goal to optimise water availability on their own farm. In the case study, different water
sources, with distinct characteristics, were available. Participants engaged in a
dialogue exploring the personal reasoning which led to their individual water source
preferences. Sharing and integrating local knowledge is said to be key for improving
water management and governance (Pahl-Wostl, 2017). In an informal and explorative
setting, participants shared their knowledge and encountered the distinct ways of
accounting for the characteristics that determined their water source preferences. The
crossover questions focused on the cost, reliability, quality and manageability of three
water sources. Participants discussed (1) how the factors, or “characteristics”, under
consideration would have to change, to switch personal preferences, in other words,
for a crossover point to occur; (2) why and how their own crossover points differed from
those of other participants; and (3) how participants’ reasoning changed over time.
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From the start we were deliberately specific about our aims in organising a
participatory crossover analysis (Table 3.1) and the conditions under which such a
discussion could gainfully take place, as the setting was recognised as influencing the
process (Table 3.2). What is required to obtain a productive dialogue situation
(condition 3 in Table 3.2) warrants further exploration, for applying the framework in
different case study settings.
Our results support the argument that the crossover point concept encourages
participants to engage in a dialogue that elicits and explores the personal reasoning
underlying preferences and helps explains nonuniformity in investment decisions.
During the workshop, participants had the opportunity to share their knowledge and

information and insights into the factors that influence personal preferences. Such
information and insights can be of value both to the participants and to others. In this
case study, particularly, farmers with the opportunity to become irrigators, as well as
water managers and policymakers. Peer-to-peer workshops, such as the one
described here, can enrich the knowledge of potential water buyers so that they can
make better informed investment decisions. Most workshop participants evaluated the
overall process as worthwhile. What they learned, they said, would feed into the
gradual development of their thinking and intuitive understanding of irrigation water
sources. Moreover, they understood better the reasoning underlying their personal
preferences in this regard.
This case study showed the feasibility of applying participatory crossover analysis.
Based on the positive evaluations of participants, we believe that the framework
merits further development. In particular, we recommend three future research areas
when applying the framework in different settings: zooming in on the contexts in which
participatory crossover analysis is applicable, assessing the outcomes, and exploring
how best to achieve social learning.
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learn from others. A policy implication is that such discussion could provide valuable
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Chapter 4

In Tasmania, Australia, development of joint irrigation infrastructure depends on individual
farmers’ investment decisions. In this case, the development of infrastructure is ultimately a
group decision, which benefits from individuals having a common understanding of the various
values at stake. A farmer’s valuation of water and decision to invest is based on their current
knowledge and understanding. Sharing personal reasoning behind individual decisions is a
promising approach to build this understanding. This chapter demonstrates how the question
“under which conditions would you - the individual farmers - invest?” offers farmers the
opportunity to reveal a broader set of reasoning than just financial or monetary factors. This
chapter explicitly implements the concept of participatory crossover analysis in a water
valuation setting. The participants’ willingness to pay, in the form of crossover points, is
presented as a set of scenarios to start an explorative discussion between irrigators and nonirrigators. Feedback during evaluation showed the workshop enabled sharing of new
information, improved understanding of reasoning behind personal decisions to (not) invest in
extra water for irrigation, and led to more respect for the others and the decisions they made.
As expected, reasoning goes beyond economic concerns, and changes over time. Life-style
choices, long term (intergenerational) planning, perceived risks, and intrinsic motivations were
discussed as factors influencing water valuation. Simply having a (facilitated) discussion about
the reasons underlying individual willingness to pay seems to be a useful tool for better
informed decision making about joint irrigation infrastructure, and is worth testing in further
case studies.
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4.1. INTRODUCTION
Building irrigation infrastructure is a long term investment with potential to transform
a community. The size and design of the infrastructure is a critical decision that needs
to be made based on the best information possible, not just about water resources, but
also about the values of the community. In the 20th century, decisions about irrigation
infrastructure were dominated by

cost-benefit

analyses from

the

funders’

perspectives, notably national governments and international donors (Turral et al.,
2010). There is, however, growing recognition that non-monetary aspects need to be
considered,

and

that

greater

participation

by

stakeholders

would

improve

consideration of these aspects (Garrick et al., 2017; Graversgaard et al., 2017; Harou et
al., 2009).
In particular, there now is a trend in which farmers co-invest with (local) governments
to improve the water system (Gleick, 2003; Tasmanian Irrigation, 2012a; Ward, 2010;

whether investment in an (adaptive) measure is “worth it”. Relevant questions are,
what information do they need and how do they get it?
In this chapter, we first discuss existing techniques for valuation of water. We then
briefly review the recent concept of participatory crossover analysis, which involves
identifying conditions in which a decision would change (a crossover point scenario) as
a starting point for discussion. The question “under which conditions would you – the
individual farmer – invest” offers farmers the opportunity to reveal a broader set of
values, beyond the financial or monetary. In a water valuation context, this idea can be
implemented by eliciting individual willingness to pay (WTP) of a group of participants,
which is then used as a set of scenarios to start a group discussion with peers.
Following this idea, we build on participatory crossover analysis to design and
implement a peer-to-peer learning workshop around WTP scenarios. We make use of a
case study area in Tasmania, Australia in which the recent design of an irrigation
scheme was determined by individual farmers’ decisions to invest in irrigation water
during the construction phase. In a workshop setting, we use the value of water as a
concept to encourage discussion of the reasons underlying individuals’ WTP for
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irrigation water, and hence decision to invest. We ultimately aim to enrich the
participants’ understanding of the value of water, so that they can make better
informed investment decisions in the future.

VALUATION OF WATER
A farmer’s decision to invest in joint irrigation infrastructure is based on their current
knowledge and understanding regarding whether “benefits” will outweigh the “costs”,
in either the short or long term, based on not only monetary but also e.g. emotional and
social factors (van Duinen et al., 2016). Benefits and costs include impacts on others
and system feedbacks due to others’ actions, such that sharing personal reasoning is
expected to be useful for farmers to build a common understanding of the various
values considered in decision making (Šūmane et al., 2018) and achieve a more
comprehensive valuation of water. Valuation is “the process of expressing a value of a
particular object or action” (Costanza, 2000; Farber et al., 2002). Valuation can happen
both implicitly and explicitly and sits at the core of investment decisions. Water
valuation means “expressing the value of water, including related goods and services,
in order to support their allocation and sharing” (Hermans et al., 2006a).
Valuation of water in agriculture is known to be problematic. Various authors have
argued that valuation can be biased or incomplete, e.g. (Birol et al., 2006; Hermans et
al., 2006a; Turner et al., 2004; Ziolkowska, 2015). These arguments follow from the
understanding that water has economic, environmental, cultural, religious, and social
dimensions (Davidson et al., 2009; Garrick et al., 2017). In addition, values will often
change over time (Wei et al., 2017) and include both use (e.g. for irrigation) and non-use
values (e.g. swimming and aesthetics) (Hoekstra et al., 2001; Turner et al., 2004). These
multiple, personal and changing values of water are also discussed and reflected upon
in ecosystem services literature; see e.g. (Costanza et al., 1997; Derkzen et al., 2017;
Johnston & Russell, 2011).
There is ample evidence (van Duinen et al., 2015; Veraart et al., 2017) that investment
decisions in water for irrigation deviate from those predicted by microeconomic
models relying on a rational representative economic agent maximizing its utility
function under conditions of perfect information and in the absence of biases or

80

Sharing reasoning behind individual decisions to invest in joint irrigation infrastructure

unequal power relations (Raworth, 2017). Farmers have their own specific reasons for
making investment decisions, either implicit or explicit (Öhlmér et al., 1998). Water
valuation literature thus suggests a need to empirically capture what stakeholders
care about.
There are indirect and direct inductive techniques to tackle this challenge and
determine the value of water (Turner et al., 2004; Young & Loomis, 2014). Indirect
techniques depend on observations to deduce values. They include: observations
based on market transactions, derived demand functions, and hedonic pricing. Indirect
techniques are only able to estimate values and are considered suitable for valuing
those water resources that are marketed indirectly (Birol et al., 2006). Direct valuation
techniques, such as contingent valuation methods, elicit preferences directly by
questioning individuals regarding their WTP for water (Bateman et al., 2002).
Contingent valuation provides a means to gain insights into the personal value

of water itself (so called intrinsic value) (Pearce & Seccombe-Hett, 2000). Contingent
valuation is widely applied to assess the monetary value of irrigation water, see (Knapp
et al., 2018; Mesa-Jurado et al., 2012; Zuo et al., 2015).
An example providing a broader view on value is provided by Hermans et al. (2006b).
They describe a method called “the mosaic of values” in which stakeholders and water
professionals (in their case researchers) jointly assess the various values of water. The
authors identify indicators for economic values, social values, and environmental
values, and examine differences between farming systems. Water valuation with
stakeholders provides a means to share insights and incorporate the knowledge and
expertise of participants. We agree with Hermans et al. (2006a) that, to support water
resources management processes, existing valuation approaches need to be
complemented with methods that move stakeholders centre stage. In this way, water
valuation is part of a process of learning with and from each other. Doing so addresses
the request of the UN High Panel on Water (World Bank, 2017) and Garrick, et al.
(Garrick et al., 2017) who call for water valuation methods that address the multiple
and personal values of water.
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CROSSOVER POINT SCENARIOS AND DISCUSSION OF WTP
In parallel to water valuation literature, there is emerging work on participatory
methods that aim to support water management processes (Newig et al., 2008; Scholz
et al., 2014a). An example is the use of crossover point scenarios as a way of prompting
discussion in which participants can learn about each other’s perspectives on a
particular problem. Crossover points are conditions in which a decision would change.
At that point, an individual equally prefers two alternatives, for example whether or not
to buy water; it is a point of indifference. The crossover point is therefore a natural
scenario for prompting discussion about why a decision is made (Guillaume et al.,
2016). Analysing crossover points in a group setting focusses on two key questions; 1)
When – i.e. under which conditions - does an alternative out-favour another and 2)
What drives this (personal) preference? Participants are encouraged to think beyond
their day to day practice and ask themselves questions including: Under which
conditions would I change my opinion or preference, and no longer do what I am
currently doing? (Why) has this crossover point changed over time, and what do I
expect my future crossover point to be?
In particular, in Chapter 3, a fully workshop-based method called Participatory
crossover analysis was developed. The main aim of this method is to engage
participants in a dialogue that explores the personal reasoning through which
preferences are defined, with the aim of learning from and with each other. Sharing
personal perspectives within a group sits at the core of social learning processes (Bos
et al., 2013; Pahl-Wostl et al., 2007b; Reed et al., 2010).
The concept of discussing a crossover point scenario translates directly to discussing a
WTP scenario; WTP is a crossover point describing (monetary or financial) conditions in
which an individual would change their decision on whether or not to invest. Given that
valuation is a central concept in an investment decision, the idea of discussing WTP
scenarios in a workshop promises to similarly engage participants in a dialogue that
allows them to learn from each other by sharing knowledge and information with their
peers. In the discussion, participants explore the factors that change their investment
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decision. Differences in crossover points within the group become the basis for a
facilitated dialogue about reasoning, and exploring where differences come from.
The focus on enabling dialogue potentially provides a powerful tool to investigate the
multiple and personal values of water that the UN High Panel on Water (World Bank,
2017) calls to address. In addition to direct monetary costs and benefits, the
discussion elicits non-monetary values, and then also digs deeper to understand the
assumptions and personal reasoning underlying these values. This approach therefore
builds on contingent valuation literature by focusing on the processes that underlie
responses, as is recommended by Burgess et al. (1998). Rather than obtaining a single
estimate of value for an individual at a point in time, it provides an understanding of
the factors affecting variation in values within a group and over time, anticipating nonstationary conditions over the life of an irrigation scheme.
By taking a dialogue facilitation approach, it fits with a grounded theory tradition

preconceived notions: there is no predefined model of value as there would be when
starting from a cost-benefit analysis, and not even predefined categories of costs or
benefits, as there would be in a structured survey. We would like to emphasize here
that the intention is not to find a “true” WTP or “right answer”, as is often the aim of
contingent valuation. The idea is to use WTP purely as a starting point for discussion,
providing an opportunity for participants to explore their own reasoning and compare
with others; the process aims to help participants to build confidence and capacity to
make better informed decisions.
This chapter builds on previous work by explicitly implementing this concept in a water
valuation setting, focused on WTP. The following case study therefore explores the
potential for using a peer-to-peer learning workshop based on WTP scenarios as a
means for a group of farmers to reveal and share a broad/rich set of reasoning, with
the ultimate purpose of informing their investment decision in joint irrigation
infrastructure.
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(Urquhart et al., 2010) and avoids prematurely introducing the water valuation expert’s
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4.2. MATERIALS AND METHODS
CASE STUDY CONTEXT
The Tasmanian Government has the ambitious goal to increase the annual value
production of the agricultural sector from $1.8 billion in 2012 (Australian Bureau of
Statistics, 2013) to $10 billion by 2050 (DPIPWE, 2017). New irrigation schemes
facilitate intensification and transformation of the Tasmanian agricultural sector.
Tradable water rights and user charges are used as instruments to manage demand for
irrigation water (Hellegers, 2006). The irrigation schemes currently developed and
managed by Tasmanian Irrigation (TI) are designed to last 100 years, deliver water at a
reliability of at least 95%, and are built to satisfy current demand in each region of
Tasmania. The approach of irrigation scheme design in Tasmania includes a prefeasibility phase in which farmers must commit to buying water rights to cover at least
30% of the scheme’s construction costs. Australian Commonwealth and Tasmanian
Governments cover the remaining share. The aggregated user commitments define the
design of the scheme including the diameter of the irrigation pipes, and hence supply
capacity (Tasmanian Irrigation, 2012a).
The South East Irrigation Scheme (SE3) provides the most expensive water of the State
(Tasmanian Irrigation, 2017) and commenced operations in October 2015 (Tasmanian
Irrigation, 2019c). SE3 services agricultural enterprises around the townships of Tea
Tree, Campania, Orielton, Pawleena, Penna, Sorell, and Forcett in the South East of
Tasmania (Figure 1). Current production is diverse; it includes annual crops (from
barley to lettuces), perennial crops (from Lucerne to cherries), and livestock (from wool
to fattening organic cattle). Close proximity to the Hobart airport caters for high value
export crops.
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Figure 4.1. Case study area of the South East Irrigation Scheme Phase 3 (SE3) district in
southeast Tasmania, Australia. The SE3 image is adjusted from (Tasmanian Irrigation,

SE3 water is sourced from the River Derwent, approximately 30 km from the first
outlet. A pipeline distribution network delivers pressurized, almost drinking quality
water throughout the SE3 district with a reliability of at least 95%. According to a TI
irrigation scheme manager, almost 400 landowners were contacted directly during the
2012 water sales period of SE3. By January 2018, 62 water entitlements were sold.
Based on the aggregated commitments in the pre-feasibility stage, the SE3 scheme
now has the capacity to supply 3000 ML (3×109 litres) of water during a 180-day
summer delivery period (October – March). In addition, 3000 ML could be supplied
during a 180-day winter delivery period (April – September). At the time of writing,
there are still a limited number of summer water rights available in parts of the scheme
(location and pipe diameter dependent) but no winter rights are offered for sale (yet).
The (one-off) cost of a water right is currently $2700/ML plus a yearly cost with a fixed
component of $140/ML and a variable (delivery) component of $178-$220/ML
(Tasmanian Irrigation, 2017).
In the adjacent Coal River Valley, farmers from different backgrounds are united in a
community of practice which gathers regularly (www.coalriverproducts.com.au).
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Connecting with peers is widely acknowledged to positively influence learning (e.g.
Pretty & Ward, 2001; Wenger, 1998). In the SE3 district, there is currently no such
formal platform or association where irrigators and non-irrigators exchange ideas and
learn from each other. There are various enterprise associations (e.g. Wine Tasmania,
Fruit Growers Tasmania), but they bring together farmers within the same business
and lack a district focus. There is however an irrigation committee, representing
irrigators in meetings with TI. After a workshop organized in February 2017 with
farmers in the Coal River Valley (Chapter 3), participants expressed their curiosity
about the reasoning of their neighbours, as they all agreed it is impossible to make a
profit with either livestock or traditional annual crops (e.g. cereals) using SE3 water.
Instead, farmers have to change enterprise into high value cropping. This is backed by
a Cost Benefit Analysis (CBA), provided by TI to potential buyers, indicating that yearly
costs of SE3 water are not covered by additional gains in gross margins of irrigating
pasture to finish store lambs and cattle, or growing cereals under irrigation (Tasmanian
Irrigation, 2012c). However, when cycling or driving through the area one will see both
cereals and pasture (for grazing) under irrigation. This leads to the hypothesis that
farmers’ personal reasoning goes beyond short term (economic) gains in gross
margins, as suggested by Raworth (2017). This hypothesis has implications for
information provision to farmers to better assist them with their investment decisions
in joint irrigation infrastructure. In the water related outcomes of the workshop
(section 4.3) we therefore focus on personal reasoning that explains deviation from the
decision whether or not to invest predicted by the gross margins model.

WORKSHOP
The design of the workshop is structured using the framework to design and facilitate a
participatory crossover analysis workshop proposed in Chapter 3, which contains five
steps. In the first step, we check that the workshop’s aims are consistent with key
aims of participatory crossover analysis, namely eliciting personal reasoning,
improving understanding of where differences in preference come from and providing
insights for regional planning.
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The second step is to analyse the decision making context and determine whether
conditions are suitable for a participative crossover analysis workshop. The conditions
are: 1) Preferences are subjective, which means there is no objective optimum 2) there
are at least two discrete alternatives to compare, 3) there is a dialogue situation, and 4)
a capable facilitator. In the SE3 scheme, the first two conditions are assumed to be
met because investment decisions were non-uniform in the SE3 pre-feasibility stage.
With the opportunity to buy summer rights and winter rights expected to go on sale
within two years, there are still relevant alternatives to be discussed. We assessed the
dialogue situation during on-farm interviews (see section 2.2.2). In a constructive
dialogue situation, participants must be willing to listen, have the ability to provide or
explore the explanation for their position and must be open to reflection (Bohm, 2004;
Habermas, 1998).
The process of preparing for and organizing the workshop (Step 3 and 4) and the

SELECTION OF PARTICIPANTS
As there was no existing community of practice, we contacted the chairperson of the
irrigation committee for contact details of both irrigators and non-irrigators covering
as diverse a set of enterprises as possible. This selection procedure resulted in a list of
thirteen possible attendees for the workshop, being two perennial (fruit) growers, one
lettuce grower, five irrigators that (currently) irrigate grains and pasture, four nonirrigators and one investor. There was a wide range in age and farm size, but just one
female farmer. All possible attendees had long term farming experience. The
chairperson first contacted the intended attendees to ask for permission before we
started the first phone enquiry to explain that the process would entail two events: a
farm interview plus a workshop, with the possibility to withdraw at any stage. Twelve of
the thirteen possible attendees agreed to be interviewed; only the investor was not
interested. The farm interviews were conducted in November-December 2017.
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evaluation (Step 5) are presented in the following sections
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INTERVIEWS
The 1-2 hour interviews consisted of a structured part with descriptive questions about
farm and water use to explore the differences between enterprises (Table 4.1),
followed by a semi-structured part focusing on personal reasoning when considering
investing in irrigation and on future views of valley progression (see Appendix IIIA for
interview script). In the second part, the interviewer asked clarification questions,
follow-ups and used summarizing to encourage reasoning, as recommended by Dunn
(2000). These insights of personal views and reasoning were used to determine the
relevant workshop questions and follow-ups. The interviews were also used to
introduce the idea of crossover points as WTP. The interview process allowed
participants to get to know the facilitator, build a relationship, and make an informed
judgement whether the workshop would be worth their time. To avoid interrupting the
“flow” of the conversation by note-taking, interviews were recorded.
During the interviews, both irrigators and non-irrigators gave signs of not really being
open to the input of others – the quote “The others just don’t have a clue” is
illustrative. Some participants suggested the scheme had divided farmers into an
irrigator group and a non-irrigator group, leading to a polarized situation. The
conditions for a constructive dialogue did not seem to be met. Instead of not
proceeding, we decided to try to create a dialogue situation during the workshop.

WORKSHOP DESIGN
For both the process and content, workshop design is of major importance (Scholz et
al., 2014a; Stringer et al., 2006). Location, duration and the number of participants are
all design decisions that influence the discussion process (Dialogue Matters, 2018;
Ridder et al., 2005). Our 3 hour workshop was held in the Sorell community centre in
December 2017 (summer). The initial polarized situation was underpinned by overheard comments such as “What is he doing here? He knows nothing about farming”
and "Luckily he is not invited, he would not have added to the discussion” . Four
irrigators and three non-irrigators attended the workshop. With approval of the
participants, the workshop was recorded and transcribed verbatim. In addition, a note
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taker focused on assessing participant reactions during the workshop process and
assisted the facilitator by highlighting when clarification was needed.
The workshop facilitation, tools, and establishment of ground rules also influence the
discussion process (Ridder et al., 2005; Scholz et al., 2014a). When opening the
workshop, the facilitator paid explicit attention to explaining the conditions for a
dialogue, without being directive, by focusing on the opportunity for participants to
learn about the personal reasons of others when listening, sharing, and being open to
differences. The facilitator explained they would discuss virtual scenarios, in which
each participant still had their current knowledge and (irrigation) experience, but with
no irrigation infrastructure in place and a “once in a lifetime opportunity” to buy water,
as they had during the pre-feasibility stage of SE3.
To display the WTP, we used a PowerPoint add-in for polling called TurningPoint
(Turning Technologies, 2019). This includes personal clicker devices that allow answers

Four questions - checked for relevance by a non-attending member of the Irrigation
Committee and a TI scheme operator – guided the workshop:
1.What is the maximum price per ML that you would be willing to pay for a water
right? Why?
2.What is the maximum price you would have been willing to pay for a water right if
reliability had been 80% (instead of 95%)? Why?
3.What is the maximum price that you are willing to pay for winter water rights
($/ML)? Why?
4.What is the minimum value/ML you need to generate to make SE3 water
worthwhile? Why?
The wording of these questions is consistent with standard practice in WTP analyses
(Johnston et al., 2017) as participants are asked to indicate at what specific cost they
would change their preference and to compare between multi-attribute alternatives.
Participants were asked to fill in their initial WTP by clicking their personal devices and
additionally to indicate how confident they were about their WTP on a personal sheet of
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paper. The facilitator displayed the range of (anonymous) answers and, to start the
discussion, asked for or picked a volunteer to explain their reasoning, without
necessarily identifying which WTP response was theirs. From this initial personal
reasoning, other participants added to the discussion as to why their WTP differed (or
not). The facilitator ended the topic by asking the participants to fill in their final WTP
via TurningPoint and their confidence level about their WTP, as well as whether (and
why) their answer changed, on their personal sheet. This process was repeated for
each question. For the workshop script, see Appendix IIIB.

EVALUATION
Directly after the discussion, the note taker facilitated a thirty-minute evaluation to
gather preliminary feedback on the workshop: whether participants were comfortable
to share their reasoning, whether they believed others in the group were honest during
the workshop, and whether they would recommend the workshop to others. A more
detailed evaluation in the weeks after the workshop focused on learning related
outcomes. By phone, each participant was asked open questions including what they
remembered as particularly useful or interesting, if/how the workshop changed the
participant’s thinking and decision-making, and about the perceived usefulness/value
of the discussion to themselves and to others (Appendix IIIC). The evaluation of
Chapter 3 suggests participants find it difficult to make explicit “what” they learned
and how that influences (future) investment decisions. Therefore, we also evaluated
appreciation of the workshop to capture perceived usefulness. Willingness to
recommend the workshop and to participate in future workshops are meaningful
indicators when evaluating participative processes (Ridder et al., 2005).

4.3. RESULTS
REPORT OF WORKSHOP DISCUSSION
Before starting the discussion, the facilitator displayed the interview findings (Table
4.1). On top of water rights, farmers experience additional costs to start irrigating, such
as costs for pumps, pipes, irrigators, farm dams, planting trees and landscaping.
Additional costs range from zero to two million AUD per farm. Table 4.1 shows that the
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valley is in transition as, currently, not all water is used. Most irrigators indicated
during the interviews that they are still in the process of understanding what they want
to use irrigation for, and expect to increase both their area under irrigation and water
use in the future.
Table 4.1. Interview findings about differences in farm characteristics, including water use and

Min

Ave

Max

Total hectares

30

243

600

Hectares under irrigation

0

23

70

Hectares under irrigation future

0

70

200

Years of irrigation experience

0

15

40

SE3 water allocation (ML)

0

65

300

Current water use (ML)

0

47

200

Water use per ha (ML/ha)

0,6

2,1

5

Current value generation ($/ML)

0

3.277

20.000

Pumping costs ($/ML)

0

89

120

Other capital costs to start irrigating

0

348.750

2.000.000
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additional costs.

($/farm)

WTP FOR SE3 WATER
The first workshop question elicited the WTP for a right to one ML of water. The first
respondent to the question “why?” explained that their WTP goes beyond economic
reasoning and instead focusses on qualitative, personal factors (see quote 1 in Box
4.1).
This personal reasoning explains that the Cost Benefit Analysis of TI (Tasmanian
Irrigation, 2012c) does not guide the decision rule of this participant. Instead nonmonetary factors have more “weight”. This comment was followed by other
participants agreeing with the last statement, notably expressing a preference for
buying land where it rains instead of buying water.
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Then one of the irrigators explained that he invested due to the climate and location
(quote 2, Box 4.1), but that he could see why it was different for other participants.
From here on – relatively soon after posing the first discussion question – participants
acknowledged differences between each other. They asked each other questions to
clarify, patiently explained, and treated each other with respect – all engaging in a
lively dialogue.
The conversation then touched on the difference between actual uptake and what they
would have liked to buy, as some participants had temporary budget constraints.
Others wished they had used a different bank as they could have borrowed more. None
of the irrigators indicated they had too much water. Instead, two of them bought more
water on the water market since they started irrigating and others were considering
increasing their summer allocation.
Box 4.1. Quotes regarding WTP for water
1. “You have to look at the infrastructure cost, you have got to look at your age, and you

have to look at the quality of life. I went to a lot of meetings and people were not there
because they had to move irrigators and were up in the middle of the night. I am more
comfortable and have less stress while doing what I am doing.”
2. “In my case, this is the ideal place. It has the climate to do what I want to do so I am

prepared to pay for it. I have a business that needs the water. But I can appreciate their
view”.

INFLUENCE OF RELIABILITY AND SUPPLY REGIME (WINTER/SUMMER) ON WTP
When discussing the influences of reliability on their WTP for water, it became clear
that not all benefits are tangible and that they may vary over time. A participant
explained they use water to “drought proof” the core of their business, leading to less
stress (quote 3, Box 4.2). An irrigated part of the business can feed into other parts of
the business, reducing weather related risks, allowing for flexibility and robustness to
wait for better (market) prices. A lower reliability would influence this drought proofing
and therefore the stress reduction impact of owning irrigation water rights. What is
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perceived as a risk turned out to be personal as other participants explained that they
see investing in water as a capital risk – notably through mortgages and employment
contracts. This perception of risk, which seemed partly related to reliability, influenced
their WTP as is displayed in Figure 4.2. Two participants indicated that they would not
pay for water with a reliability of 80%.
When discussing winter water, participants discussed the extra costs related to water
storage in the winter and the evaporation losses when only needing the water in the
summer. They therefore agreed winter water should be cheaper than summer water,
which was reflected in their WTP, which all stayed below $2000/ML. The irrigators also
argued they should be given the opportunity to buy winter water rights cheaper than
“outsiders” as without their investment in summer water, the scheme would not have
been built. They heard TI was considering the same price for winter water as for
summer water ($2700/ML) which they perceived as unfair. Both irrigators and (current)

would take a long time to sell winter water for $2700/ML. One of them indicated it
would take at least 20 years, with properties being sold to new owners, before all
winter water could be allocated at that price.
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non-irrigators seemed to agree that there is a growing demand for water, but that it
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Figure 4.2. Responses to each question after discussion: willingness to pay and minimum value
generation.

WHEN IS WATER WORTH IT?
In the discussion about the minimum value/ML one has to generate to make SE3 water
worthwhile, the first response focused on a 10% rule of thumb. The participant
explained that they look at water as an investment, aiming to make direct profits,
instead of focusing on value generation, defined as farm gate value including on-farm
value adding (for example grapes into wine) (quote 4, Box 4.2).
This led to a discussion in which others replied that their land purchases did not
achieve a 10% return. They saw investing in water rights more like investing in land,
slowly increasing in value and therefore not as a cost, but as a good long term capital
investment (quote 5, Box 4.2).
In this case, the investment in water might provide the conditions to prepare their
enterprise for generations to come. For some participants irrigation seems to be part
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of their identity - investing in irrigation is not solely based on making profits but
instead involves personal intrinsic motivations (quote 6, Box 4.2).
Box 4.2. Quotes illustrating non-monetary factors influencing WTP
3. “Not F5-ing (refreshing) the weather page anymore”
4. “I look at it in a different way. I just look at the profit and I think you have to generate a

10% return on that extra capital. I am not sure how much extra value that generates, but
profit is what drives me. That figure is around the 10% mark. You have to make at least
$300/ML extra profit, every year, to make it worthwhile”.
5. “If we did not buy it, the scheme would not have been in. My children might want to go

on and grow cherries or other horticulture”.
6. “I spend a lot on irrigation. Probably don’t make a lot of money, but I love doing it. I love

seeing the crops. Getting them up and growing. You know, some people might think that

EVALUATION RESULTS
The workshop clearly provided a successful venue for farmers to share their personal
reasoning and as expected discussion went beyond financial or monetary factors.
Survey results (Table 4.2) indicated that all participants felt comfortable participating,
and were content with the facilitation.
In their immediate survey response, the majority of participants were also positive
about the workshop as a whole, but with some hesitating about whether they would
recommend it to others. However, in follow-up interviews, they all said they would
recommend the workshop to other irrigator groups, especially during the prefeasibility stage of building a new irrigation scheme. At the end of the workshop,
participants suggested organizing another workshop to share their understanding of
the value of water for irrigation with farmers from the Coal River Valley, water
managers, and policy makers. This workshop took place in May 2018; results are
presented in Chapter 5.
The value of the workshop emerged on reflection rather than immediately. Comments
in the workshop and in follow-up interviews indicated that some were disappointed
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I am crazy but it is my thing. I don’t go out in a boat or anything else. This is my life”.
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that there were just four questions and felt they could have covered more questions
but others pointed out that these four questions kept them entertained for over two
hours. One of the participants raised the question “what did we learn tonight?” After
the facilitator explained (again) that the workshop aimed at better understanding the
differences between participants in their water valuation by focusing on personal
reasoning, they seemed to be more satisfied with the outcome.
While, for the most part, the participants could not directly link their learning to
specific points in the workshop, they acknowledged the value of the conversation.
Participants acknowledged differences within the group as an asset and this might
influence future dialogues, future learning, and decision making. In addition, the
attitude of participants seemed to have changed, acknowledging the perspectives of
others, which is a strong indicator of learning from and with peers (Ridder et al., 2005).
Participants explained that they still disagree, but respect each other more (quotes 79, Box 4.3).
While positive about the workshop, participants had a mixed view of the added value of
the WTP questions, as expected at a proof-of-concept stage. Most participants were
not surprised by the preferences expressed by others – though this was still a source
of learning for some. This was anticipated, given that WTP was used as a “strawman” –
it was the intent of the workshop that the discussion that followed their first “guess”
was perceived as more insightful than the WTP itself. Some did find the framing –
using WTP – to be useful, suggesting it would be worthwhile for future work to
investigate factors affecting perception of utility. Evaluation interviews provide
evidence in favor of two key hypotheses.
Firstly, the perceived utility of the method was influenced by its execution. The task of
expressing confidence levels in particular was “a bit confusing”, “a bit tedious”, and
“could have been more straightforward” (quotes 10-12, Box 4.3). At the same time,
there was recognition that this perception might have been different for others (quote
13).
A second hypothesis is that it was difficult for participants to evaluate the value of the
method at the time of the survey, especially in terms of impact for group
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understanding. In the follow-up interviews, participants recognized the need to cater
for other participants’ needs (quote 14). The fact that WTP plays a deliberately
transient role also makes it difficult to reflect on its impact – though participants
acknowledged it successfully prompted discussion (quote 12, 15). Such issues would
need to be taken into account in a rigorous evaluation of the impact of starting the
conversation with WTP.
Box 4.3. Quotes reflecting on the value of the workshop and the focus on reasons
underlying WTP

7. “I have been psychoanalysing the district for years. I know everyone’s background. I
studied it and I was not surprised about others’ preferences. It is really about
respecting each other’s decision. Is that not funny? I have never confronted others and
asked them why they did or did not buy water. But for the first time today, with
everyone explaining their personal reasons it makes a lot of sense. It is just the reason
silly, but now it does not seem silly: They have realistic reasons and I respect that now”.
8.

“Everyone has their reasons for what they want or don’t want to do and they are
welcome for that”.

9.

“Everyone here is so different and you can’t go out and judge everyone”.

10. “The piece of paper with confidence levels was a bit confusing for everyone I think.
11. “It could have been more straightforward. It could have been a bit more simplified.”
12. “I found it a bit tedious writing those things down, whatever we had to write down, the

confidence. I found that pretty annoying. But all the verbal stuff was good. I did not
mind pressing the button on the screen. I thought that was quite clever. It brought
everyone’s thoughts in but it did not name any names. It was just a trend of what
everyone was thinking.”
13. “It was easy for some but other people still need to understand it too.”
14. “It took a long time. I already thought about it myself and had an understanding of the
other perspectives and so I personally did not need three hours to discuss it, but others
did seem to need that time.”
15. “I am a little bit sceptical about just taking an arbitrary value and selecting that for the
questions we have been through. It certainly has prompted discussion and thinking
about the subject. So it has added something.”
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Table 4.2. Results from the evaluation immediately after the workshop
Environment
Strongly
disagree

Neither
Disagree

agree nor

Agree

disagree

Strongly
agree

I believe others in the group were
consistently honest throughout

0

0

0

2

5

0

0

0

3

4

0

0

0

4

3

0

0

0

6

1

0

0

0

7

0

the workshop
I felt able to talk honestly
throughout the session
I felt comfortable to talk about
my preferences
I felt comfortable to talk about
my reasoning for preferences
The workshop facilitation was
appropriate for the content and
group
Workshop
Strongly
disagree
I would recommend this
workshop to others

Neither
Disagree

agree nor

Agree

disagree

Strongly
agree

0

0

3

4

0

0

0

1

5

0

0

0

1

4

0

If I talk about the workshop to
other people it will mostly be
positive
The outputs of this workshop
should be interesting to other
audiences
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Variable

The pace of the workshop was

0

Very slow

0

A bit slow

1

About
right
4

A bit
rushed/
Too fast
0

Crossover points (Willingness to pay)
I hadn't

Slightly

Very

really

About the

different

different

ever

same as I

from

from

thought

expected

what I

what I

expected

expected

1

0

about it
On average, other people in the
group had preferences that

1

5

were:

disagree

Neither
Disagree

agree nor

Agree

disagree

Strongly
agree

The crossover approach has
added something to the way I
will think about water

0

1

1

3

0

1

1

4

1

0

0

2

2

2

0

investment decisions
The crossover process helped to
inform my thinking about water
investment decisions
The focus on crossover points is
a valuable way to guide group
discussion
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4.4. DISCUSSION
WATER RELATED INSIGHTS, RELEVANT FOR OTHER FARMERS, FUTURE IRRIGATION SCHEME
DESIGN AND POLICY MAKERS
As expected, the discussion indicated that the conditions under which it is worthwhile
investing in water are influenced by a range of factors. The elicited minimum value
generation to make SE3 worthwhile deviates from the notion that irrigation of
traditional annual crops (e.g. cereals) or livestock is not “worth it” and challenges the
current focus on marginal gains to inform investment decisions of potential irrigators
(as in Tasmanian Irrigation (2012c)). What “worth it” means is personal; for some it
seems to have a monetary focus while for others it is not solely based on improving
profits but involves intrinsic motivations, as also acknowledged by e.g. (Šūmane et al.,
2018; Vanclay, 2004). Participants discussed the factors they considered in their
decision making and the meaning and value of these factors as reasons behind the
differences in WTP between participants. WTP for water may start with dollars but it
does not end there, as the price of water does not always reflect the (intangible)
impacts within a business structure, for example when drought proofing the core of the
business. This is especially the case if the decision is seen as inter-generational – to
allow the next generation to keep on farming – the investment decision seems to be
less influenced by short-term profits.
In the current scheme design strategy in Tasmania, there is very limited flexibility:
when the irrigation pipes are in place, with the pipe diameters supplying the current
demand of summer water, the once in a lifetime opportunity has passed and the
scheme does not provide any mechanism for further increases in regional water
availability during the irrigation season. The insights from this participatory water
valuation process provides reasons to allow room for learning by doing as it challenges
the current approach of supplying “demand”. Based on the experiences and
predictions of the participants, demand and WTP is likely to change as beginner
irrigators indicated they have to learn what they will do with their water and properties
will change owner. During the interviews, participants indicated that they hardly ever
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talk with other farmers about their reasons to invest (or not). Even during the prefeasibility stage of the irrigation scheme, when they had to commit to buying water
rights, most did not discuss the pros and cons of water with peers. Acknowledgement
by policy makers and scheme designers that knowledge and understanding will change
in the future leads to a water governance challenge to make non-regret design
decisions in irrigation infrastructure, see for example (Lawrence & Haasnoot, 2017).
How to co-finance joint irrigation schemes, while acknowledging these changes,
provides an interesting avenue for further research on water valuation scenarios.

PROCESS EVALUATION
CONTEXT CONDITIONS
According to prior work on participatory crossover analysis, the conditions of the
workshop were flagged as difficult: a polarized context in which there did not seem to

changed into a productive, non-judging environment in which participants felt at ease
to share and admit to not knowing. In the evaluation, participants indicated they were
comfortable talking about their preferences and even about their reasoning for
preferences. They felt able to talk honestly and believed others were honest as well.
These indications and the change in group dynamics suggest that the conditions for a
constructive dialogue were created during the workshop. What caused this change is
difficult to point out. We provide a list of options that might (partly) explain the change:
1.The productive environment might have been primed during the introduction to
the workshop, or encouraged by the facilitator (Groot, 2002). Literature on
facilitation illustrates that a facilitator intentionally and unintentionally influences
the process (Deelstra et al., 2003; Groot & Maarleveld, 2000; Susskind & Islam,
2012; Tschirhart et al., 2016). In-depth knowledge of the area (partly gathered
through the interviews) and knowing the participants by name helped the
facilitator to provide a safe environment for the participants, and to “deepen” the
discussion/dialogue by asking relevant follow-up questions.
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be a constructive dialogue situation beforehand. However, the group dynamics quickly
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2.The relationship initiated during the interviews might have created an incentive
to cooperate, in addition to existing (power) relations with the chairperson of the
SE3 scheme, who initially contacted the participants.
3.Although the participants were not excessively polite, their behavior might also
have been influenced by a social code that dictates the need to stay friendly and
communicative in a group setting.
4.External factors such as “the right timing” might have influenced the process.
The scheme was already in place which might have made it easier for the irrigators
to speak freely rather than to try to convince others to buy as well.

EFFECTIVENESS OF METHOD AND FUTURE WORK
Given this is only a proof of concept with one small group, a definitive evaluation of the
utility of starting the discussion from WTP is not possible. The immediate survey and
follow-up phone interviews did however provide evidence that this workshop approach
is worth investigating further. The participants’ indications of increased respect for
different views implies that judgement and animosity was potentially reduced by group
learning in this form, focused on discussing reasoning and acknowledging subjectivity
in the optimum. This group learning may provide a foundation for cooperation and
collaboration through greater levels of trust and can help to create a common
understanding of the diverse values among peers. Doing so, it benefits individuals’
capacity to make better informed investment decisions in joint infrastructure. There
are two paths forward: further applications of the method, and deeper investigation of
the mechanisms at play.
This study did suggest opportunities for improvement. Special attention needs to be
paid to how individuals in the group prefer to interact, as well as differences in prior
experience between individuals. The process of filling in their personal sheet before
and after the discussion was perceived as confusing and distracting. The indicated
confidence levels either increased or stayed the same, only one participant became
less confident about their crossover point on winter water. Explanation of “why” either
confidence level or crossover point changed was very limited. As the flow of the
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discussion is important, we recommend avoiding asking for confidence or attempting
before-after tests in future applications, unless the workshop is specifically designed
to accommodate them.
In contingent valuation literature, it is widely acknowledged that survey design,
including the questions, influences outcomes (Bateman et al., 2002; Carson et al.,
2014; Choi et al., 2016; Johnston et al., 2017). In Chapter 3, participants compared
alternative water sources. In the workshop described here, the questions related to a
binary choice of whether or not to invest in water for irrigation. The first three
questions were on the cost side, asking for WTP, and the last question elicited the
value one has to generate to make the investment worthwhile. It is an interesting
avenue for future research to explore whether/how the angle of the question
influences the discussion, in addition to the quantitative responses. Based on our
experience, we recommend keeping the questions simple – this then provides the

There are promising opportunities for further work to assess the outcomes of such
participatory workshops and how the applied method contributes to those outcomes.

4.5. CONCLUSIONS
This study presents a method to explore and share the reasoning underlying decisions
to invest in a group setting. In a context in which conditions were not optimal,
participants engaged in a dialogue that focused on discussing elicited individual WTP
and the origins of group differences, encouraging participants to think about the
conditions in which they would (not) invest in water. Asking “why” then helped
facilitate a broader discussion on personal reasoning.
Participants discussed that valuation of water is a personal matter, illustrated by the
differences in cost prices per ML under which participants invest in water for irrigation.
Farmers’ personal reasoning goes beyond short term (economic) gains in gross
margins. Their reasoning is diverse and does not seem to align with the idea of
maximizing short term profits as e.g. life style choices, long term (intergenerational)
planning, perceived risks and intrinsic motivations were discussed as factors
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opportunity for participants to explain why the question is too simple.
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influencing personal decision making. We therefore recommend revising the
information provision to potential irrigators, as it currently is too strongly focused on
marginal benefits, and we suggest considering peer-to-peer workshops, such as the
one described here, to enrich the knowledge of potential water buyers. A better
understanding of the personal reasoning of others can improve understanding of
differences, provide new insights into investment decision making processes, and lead
to more respect for the (decisions of) others.
We illustrated that a participatory valuation method can guide a group conversation
about the personal reasoning that sits behind WTP for water and provided an example
in which participants have the opportunity to listen, share their reasoning, discuss,
and learn from and with others. We demonstrated that discussing reasons underlying
individual WTP is a promising method to help participants better understand how
water is valued, as requested by the UN High Panel on Water (World Bank, 2017), and
hence help inform decision making about joint irrigation infrastructure. Further testing
in further case studies appears to be worthwhile.
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Participatory water valuation workshops are useful for their valuation outcomes, but can they
also foster social learning among participants? Social learning involves changes in
understanding through social interactions between actors, which go beyond the individual to
become situated within wider social units. Participatory water valuation workshops involve
dialoguing about knowledge, perspectives, and preferences, which may be conducive to social
learning. However, whether and to what extent participatory water valuation workshops foster
social learning has not yet been empirically assessed. In this chapter, we assess the social
learning potential of a participatory valuation workshop, based on a case study in Tasmania,
where farmers, water managers, and policy makers shared their personal perspectives on the
past, current and future values of irrigation water. To assess whether and to what extent a
single participatory valuation workshop can foster social learning, we analysed drivers – i.e.
factors positively influencing social learning – and outcomes – i.e. indications that social
learning occurred. Data were collected through an exit survey, in-workshop reflections and
semi-structured interviews following three weeks and six months after the actual workshop.
The results indicate that the workshop provided the drivers for social learning to occur. In
addition, participants indicated to have learned from and with others, and that the workshop
provided improved and extended networks. According to the participants, the workshop led to
a shared concern about increasing prices for water licences and induced substantive
outcomes related to the use, management, and governance of irrigation water. The
assessment results suggest that participatory valuation workshops, such as the one analysed
here, have potential to facilitate social learning.
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5.1. INTRODUCTION
Water management and governance has traditionally been characterized by top down
command-and-control decision-making with limited attention to learning and adaptive
management (Gleick, 2003; Pahl-Wostl et al., 2007b; Pahl-Wostl et al., 2008a).
However, end-users, water managers, and policy makers can benefit from learning
from and with each other to obtain their goal(s) (Garrick et al., 2017; Pahl-Wostl, 2017;
Rodela, 2012; Savenije et al., 2014). A learning approach means that authorities and
other stakeholders use dialogue to share perspectives, knowledge and (reasons for)
preferences, laying the foundations for negotiations between stakeholders (Working
Group 2.9, 2003). Learning approaches in water management actively acknowledge
uncertainty and ambiguity (Chapter 6), that values change over time (Wei et al., 2017)
and that society and water systems are intimately linked (Falkenmark, 1979;
Srinivasan et al., 2017). One form of learning is social learning, in which the learning
process is based on a dialogue and influenced by social processes (Muro & Jeffrey,
2008). However, fostering social learning faces challenges. A better understanding on
how to foster and assess social learning processes, arguably could positively influence

Empirical assessments of social learning are scarce (Scholz et al., 2014a). In this
chapter, we build on previous empirical assessments, such as McCrum et al. (2009);
Raadgever et al. (2012); Schneider et al. (2009); Siddiki et al. (2017); Van Bommel et al.
(2009); van der Wal et al. (2014), by focusing on drivers and outcomes of social learning
in a participatory workshop setting. Drivers refer to factors that positively influence
social learning and outcomes are indicators that social learning occurred. Taken
together they provide evidence of the extent to which the participatory workshop led to
social learning. The proposition that we examine in this chapter is that a single, welldesigned water valuation workshop can foster social learning.
Case studies, such as our participatory water valuation workshop in Tasmania,
Australia, can inform the literature through allowing detailed focus on the processes
underlying learning (Kenter et al., 2016b). This chapter presents our analysis in four
sections. We first briefly review literature on social learning and on participatory water
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uptake, funding, and acknowledgement of social learning processes.
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valuation. We then argue that deliberative dialogue is a crucial driver for social
learning, and introduce the literature we build on to assess social learning. In Section
5.2, we present a framework for assessing whether and to what extent social learning
has occurred, introduce the case study, share workshop design decisions, and outline
our methods. We then present our results (Section 5.3) and discuss limitations and
further research (Section 5.4), before concluding.

SOCIAL LEARNING
Social learning is a broadly used term, which has shifted from being about individuals
learning by observing and imitating within a social environment (Bandura, 1977) to the
development of shared meanings and practices, founded in participatory processes
(Pahl-Wostl et al., 2007b; Wehn et al., 2018). Such processes are influenced by their
institutional, cultural and historical contexts (Lumosi et al., 2019; Van Bommel et al.,
2009). Literature about social learning often focusses on natural resource management
and thus the learning has a purpose of “learning together to better manage together”
(Ridder et al., 2005).
Limited agreement on the definition of social learning (Gerlak et al., 2018; Wehn et al.,
2018) has constrained its development and evaluation (Reed et al., 2010; van der Wal et
al., 2014). In part, the profusion of perspectives is reflected in the diverse goals
ascribed to social learning (Siebenhüner et al., 2016). Some see it as a pathway to
developing adaptive capacity (e.g. Lumosi et al., 2019; Tompkins & Adger, 2004), others
as a foundation of deliberative democracy (Barraclough, 2013; Dryzek, 2006). It is also
seen as a means of developing convergence in mental models, common understanding,
and consensus (Scholz et al., 2014a; van der Wal et al., 2014). It can also be a strategy
to improve cooperation and conflict resolution among stakeholders (Pahl-Wostl et al.,
2008b), for instance, to address wicked problems (Huitema et al., 2010). Reed et al.
(2010) usefully delimit the definition of social learning by defining social learning in
terms of three key requirements: 1) There must be a change in understanding, 2) this
change must be a result of social interaction and 3) learning takes place beyond the
direct members participating in the learning process. These requirements provide
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guidance to assess whether social learning has occurred. However, many challenges in
defining the extent and attribution of social learning remain (Gerlak et al., 2018).
The above definition implies that social learning cannot be imposed, but the conditions
for it can be influenced by the settings of social interaction (Schneider et al., 2009).
Lumosi et al. (2019), argue that facilitating social learning relies on creating a “learning
space”. Participatory methods (e.g. facilitated workshops) and tools (approaches used
in a workshop) are key means to such spaces and influence interaction between
participants.

PARTICIPATORY WATER VALUATION
Valuing water is contentious but increasingly seen as an important strategy towards
sustainable management of water resources (Garrick et al., 2017; HLPW, 2018). For
example, Hellegers and van Halsema (2019) argue that water valuation outcomes can
be used to support decision-making processes. Water valuation with stakeholders
provides a means to share insights and incorporate the knowledge and expertise of
diverse participants (Hermans et al., 2006a).

for irrigation water can be seen as a crossover point. A crossover point is a point of
indifference; the threshold where two alternatives are equally preferred. For example,
to buy or not to buy water. In a workshop setting, differences in crossover points within
the group could provide the starting point for a facilitated and structured dialogue to
explore where these differences come from. Crossover points have previously been
used as tool to examine the effects of assumptions in cost calculations (Arshad et al.,
2014; Griffin, 2006; Guillaume et al., 2016). More recently, crossover points were used
in a participatory setting to examine personal reasoning associated with preferences
for irrigation water sources and willingness to pay for irrigation water (Chapter 3&4).
Participatory crossover analysis builds on contingent valuation literature by focusing
on the processes that underlie responses, as is recommended by Burgess et al. (1998).
Such a valuation workshop may not aim at outcomes that directly support (group)
decision-making. Instead, using crossover points as a tool in a participatory water
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With regard to valuation with stakeholders, an individuals’ maximum willingness to pay
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valuation workshop acts as a foundation for dialogue-oriented social interaction that
may be conducive to social learning to occur. Rather than obtaining a single estimate
of value by an individual at a point in time, it provides the participants with an
understanding of the factors affecting the variation of values within a group and over
time.

DELIBERATIVE DIALOGUE AS A DRIVER IN SOCIAL LEARNING PROCESSES
As indicated above, social learning is based on dialogue (Ridder et al., 2005). A dialogue
is defined by David Bohm (2004) to be a “stream of meaning” that flows between
participants. William Isaacs (1999) puts it as “the art of thinking together”. This “art” or
“flow” is a communal effort where participants add, learn, and create something new,
ideally without coming to any preliminary conclusions or judgements. A successful
group dialogue enables participants to get to know each other, to trust each other, and
to establish a relationship of knowledge sharing. However, there are differences in the
quality and therefore impact of dialogues as the style of interaction affects outcomes
of social learning (Metze, 2010). For example, conversations that do not turn into
dialogues between water managers, farmers, and nature conservationists can lead to
increased conflict and tension (Aarts, 1998; Lems et al., 2013).
Drawing on work of Habermas, the quality of a dialogue can be referred to with the
concept of ‘deliberation’ in which participants commit themselves to explaining and
justifying their positions (Habermas, 1998). The intention of a deliberative dialogue is
learning from and with others by sharing and explaining beliefs, values, and
preferences (Lo, 2011). Deliberative dialogue is inclusive, open, accountable, reciprocal
(Hajer & Versteeg, 2005), and vital for understanding complex issues and perceptions
(Dryzek, 2006). Habermas (2008, p.50) outlines four conditions for deliberation in
learning processes: 1) Inclusive: no one capable of making a relevant contribution has
been excluded. 2) Equal rights to engage: participants have the same opportunity to
speak. 3) Exclusion of deceptions and illusion: participants are free to speak their
honest opinion and must mean what they say. 4) Absence of coercion: communication
is free of restrictions in discourse and procedures. Although there is limited explicit
reference to social learning in Habermas’ work, social learning scholars specifically
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highlight Habermas’ interpretation of deliberation as a key driver of social learning
processes (Dore, 2014; Kenter et al., 2016b; McCrum et al., 2009; Orchard-Webb et al.,
2016; Ranger et al., 2016; Reed et al., 2010; Rodela, 2013) and of participatory
valuation (Kenter et al., 2016a; Orchard-Webb et al., 2016).
Habermas’s critics reject the conditions for deliberation as fictions Flyvbjerg (1998).
Power relations in particular can negatively influence the conditions to have a
deliberative dialogue and learning (Orchard-Webb et al., 2016; Van Bommel et al.,
2009). We take Habermasian conditions as ideals rather than features of real-world
action situations. They are things to aim for, to evaluate against, and to help assess
whether conditions were created for a deliberative dialogue.

OUTCOMES OF SOCIAL LEARNING
Learning takes place at the individual, group, and system level (Rodela, 2011) and in
cognitive, normative and relational domains (Huitema et al., 2010). Outcomes can be
tangible or intangible and they can develop over time (Bull et al., 2008) So, outcomes
are hard to assess and it can be too early, or too late to evaluate them fully (Forester,

after the workshop and warn against selecting a narrow set of indicators to assess
outcomes.
To assess social learning, the process – including the drivers for a successful learning
opportunity – and outcomes can be evaluated (Kenter et al., 2016a; Siebenhüner et al.,
2016). Scholz et al. (2014a) provide an analytical framework to assess outcomes of
social learning facilitated by participatory methods. They focus on three domains:
 Relational outcomes, indicated by a creation of trust, and the change in network.
A change in networks includes newly established relationships, changing roles
within an existing network or the ability to cooperate within a network.
 Shared understanding, indicated by convergence in mental models of actors.
 Substantive outcomes, such as actions and rules.
The latter would imply an effect beyond the actors directly involved, which is a
requisite of the social learning definition of Reed et al. (2010). As they only applied
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1999). Therefore, Webber and Ison (1995) recommended evaluation both during and
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their framework in an agent-based model exercise (Scholz et al., 2014b), the authors
call for empirical applications that assess the processes underlying, and the outcomes
of, social learning.

5.2. METHODOLOGY
The first question of concern when assessing and evaluating a process aimed at social
learning is whether learning has occurred, as participating does not necessarily mean
learning (Collins & Ison, 2009). To assess social learning, we draw on the framework of
Scholz et al. (2014a) to assess whether social learning occurred during a participatory
water valuation workshop. Unlike Scholz et al. (2014a), our focus is not on converging
mental models or developing understanding of a biophysical or technical system. In our
case, the focus is on the personal valuation of water and the reasoning behind it. In a
participatory water valuation workshop, a shared understanding may not necessarily
mean converged understanding. Participants learn about their own valuation within a
group, but also about others’ valuation of water. This includes learning from the group
about how valuation could be (how it is for others), change the perception of group or
group members; or change perceptions of self. In these contextual forms of social
learning, divergence of positions can be as meaningful as convergence of
understanding. We see diverging valuation as a worthwhile outcome of social learning
processes, i.e. still disagree but better understand others and respect them more (see
e.g. Barraclough (2013; Chapter 4)). We therefore argue that, at least in our case study,
converging perspectives are too narrow a scope to assess social learning.
Despite the difference in focus on the form of learning, the approach of Scholz et al.
(2014a) remains useful in examining outcomes in one or more domains – relational
outcomes, shared understanding, and substantive outcomes (see Table 5.1). For the
drivers that influence outcomes of a process aimed at social learning, we draw on the
work of Habermas, and more specifically on Kenter et al. (2016a) and de Vente et al.
(2016). Kenter et al. (2016a) provide a theoretical approach for Deliberative Value
Formation (DVF) of ecosystem services. Process design – including group composition,
location, and participatory tools – and facilitation are their two most important factors
of influence in DVF processes. de Vente et al. (2016) come up with seven
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recommendations for participatory processes designed to foster social learning,
including using competent independent facilitation and structured tools that help
sharing of personal reasoning. We evaluated personal appreciation of the workshop to
capture perceived usefulness. Appreciation of the workshop process, captured by
willingness to recommend the workshop and to participate in future workshops is a
meaningful indicator to evaluate participative processes (Ridder et al., 2005).
Table 5.1. Drivers and outcomes of processes aimed at social learning, adapted from de Vente
et al. (2016); Kenter et al. (2016a); and Scholz et al. (2014a)
Drivers

Indicated by:

Outcomes

Indicated by:

Deliberative

Conditions for “ideal

Relational

Creation of trust

dialogue

speech situation”

outcomes

Change in network

Participatory tool(s)
contributing to the
dialogue
Appropriate

Process design and

Willingness to

Shared

Change in personal

facilitation

recommend to others

understanding

understanding / thinking /
reasoning

Willingness to
participate in another

Change in the perception of

event

the understanding /
thinking / reasoning /
perspective of others
Substantive

Ongoing discussion beyond

outcomes

the participants involved
Initiation of projects /
actions / follow-ups
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So, we do not focus on “how” learning took place but instead, we assess 1) the drivers
to facilitate an opportunity for social learning to occur and 2) outcomes in one or more

Figure 5.1. Conceptual framework of our approach to indirectly assess social learning by
focussing onto assess drivers and outcomes of processes aiming at social learning

domains (Figure 5.1).

CASE STUDY
The South East irrigation district (Figure 5.2) is a prime agricultural area in Tasmania,
Australia. There are currently multiple, distinct water sources in the valley, including
water from the Craigbourne dam (SE1), treated waste water, and South East Stage 3
(SE3). SE1 provides the oldest and first communal source of irrigation water that
farmers invested in (Tasmanian Irrigation, 2019a). Treated waste water currently
comes from the nearby municipality (Clarence), but the cities of Hobart and Glenorchy
might provide a future extension of this water source (Tasmanian Irrigation, 2019b).
Water in the SE3 scheme is sourced from the Derwent River, which has the potential to
sustainably provide much more irrigation water than it currently does (Tasmanian
Irrigation, 2019c). The SE3 is the newest source of irrigation water in the district and
the most expensive water in the State (Tasmanian Irrigation, 2017).
The district is seen as an example for other areas in Tasmania to better understand the
societal changes associated with shifting from dryland cropping into irrigation (Nelle,
2010). This is particularly relevant in the Tasmanian setting as there are long term
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policy objectives to increase the annual value production of the agricultural sector
from $1.8 billion in 2012 (Australian Bureau of Statistics, 2013) to $10 billion by 2050
through irrigation and innovation (DPIPWE, 2017). This long-term objective results in
government initiatives to build new irrigation schemes to facilitate a transformation
from dryland cropping to more intensified forms of agriculture (that need irrigation

Chapter 5

water).

Figure 5.2. Case study area in the red circle

The current approach to design of new irrigation schemes includes a feasibility phase
where farmers must commit to buying water entitlements. This first commitment
defines the design of the scheme and the diameter (supply capacity) of the irrigation
pipes. As such, current water demand of farmers, even if they are inexperienced
irrigators, influences the long-term water availability in the district. Information
provided to potential irrigators is strongly focussed on marginal benefits, while
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farmers indicate that their investment decisions go beyond short term profits (Chapter
3&$4).
The demand for water in the district, in terms of both quality and quantity is continuing
to increase, and the uptake of SE3 water suggests an increasing willingness to pay for
water. As both demand and willingness to pay seem to change over time, the farmers
and water managers in the district might have valuable knowledge and experience that
may be able to improve the management and governance of water in other parts of
Tasmania. However, learning from and with each other is currently lacking in the
Tasmanian approach to designing and managing joint irrigation infrastructure, see
Chapter 6.

WORKSHOP DESIGN
The workshop was designed to foster dialogue among a heterogeneous group of
participants with deep knowledge of water use, management and governance, see
Appendix IVA for a step-by-step workshop outline. We took several decisions to
enhance conditions for a deliberative dialogue in line with the process drivers outlined
above:
 Recruitment and selection of participants: We contacted the chairpersons of the
SE1, the waste water, and the SE3 irrigator groups. With their permission, we
contacted the scheme managers active in the area and the policymakers working
on relevant water policies. To include a broader set of perspectives contributing to
the dialogue, we encouraged all invited participants to bring a colleague to provide
peer support. Four farmers, an irrigation scheme manager, two private sector
water consultants with experience in developing and managing irrigation schemes,
and one policy maker were able to attend the workshop. Most of them knew each
other but the policymaker met most of the other participants for the first time.
 Creating a safe space: With the aim to contribute to a setting in which
participants felt safe and free to speak, the workshop was held in neutral space
within the district.
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 Stated aim of the workshop: The dialogue among participants was introduced as
informal, non-binding, and not seeking consensus. The stated aim was to provide a
learning opportunity in which participants could talk about personal perspectives,
which might lead to a better and shared understanding, acceptance of these
differences, and insights that can result in better water planning and management.
 Participatory crossover analysis as a tool: Crossover questions with a monetary
focus were used as prompts for dialogue concerning the reasons behind the
selection of answers to each question. The workshop sequentially ran through a
series of multiple choice crossover questions. Using an audience polling tool
(Turning Technologies, 2019) with PowerPoint slides, participants were asked to
indicate their personal crossover point to a question (e.g. participants’ willingness
to pay for water that is provided with 95% surety and of high quality). Anonymised
answers were displayed immediately following polling as a frequency distribution
and these slides became the starting point; a strawman to encourage personal
reasoning. The facilitator (first author) asked for a volunteer to explain why they
had chosen their personal crossover point. Further “why” questions followed,

 Familiarity: The facilitator knew all the participants personally and had
established a relationship during previous workshops in the district. A trusting
relationship between scientists (in their role as facilitators) and participants
influences both process and outcomes (Lemos et al., 2018; Sol et al., 2013). Due to
his research interest in the area, the facilitator was expected to be able to follow
and steer the detailed content (see Appendix IVE) and relate to topics covered in
previous workshops, see Chapter 3&4.

DATA COLLECTION
To capture emerging outcomes, the evaluation process contained three evaluation
moments, spread over six months, see Figure 5.3. A note taker (second author) took
notes during the workshop and closed the evening by facilitating a thirty-minute exit
survey and discussion to provide preliminary feedback on the process (n=8).
Participants answered multiple choice questions, again using TurningPoint audience
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response software and clickers, and shared their first reflections on the workshop in
the group. The questions included whether participants were comfortable to share
their reasoning, whether they believed others in the group were honest during the
workshop, and whether they would recommend the workshop to others (Appendix IVB).
A more detailed follow-up, in the form of semi-structured telephone interviews, three
and five weeks after the workshop focussed on the process, and on social learning
related outcomes (n=8). These telephone interviews (conducted by the note taker)
contained questions focussed on the value of the crossover concept for participants,
and the value of the group discussion (See Appendix IVC). Participants were asked
what they remembered as particularly useful or interesting, about the perceived
usefulness/value of the discussion to themselves and to others, whether they would
recommend the workshop and participate in future workshops, and if/how the
workshop changed the participant’s reasoning/understanding.

Figure 5.3. Timeline with evaluation moments

To account for any outcomes that might have emerged over a longer time (see e.g. Bull
et al. (2008)), the first author interviewed participants six months after the workshop.
Semi structured one-on-one interviews contained open questions on the perceived
outcomes and whether on not the focus on crossover points contributed to the
dialogue and value of the workshop (Appendix IVD). Six out of eight participants could
be reached. The workshop itself, as well as the exit survey and both interview rounds
were transcribed verbatim and analysed using a deductive coding frame that
corresponds with drivers and outcomes and associated indicators in Table 5.1.
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5.3. RESULTS
Water-related results of the workshop can be found in Appendix IVE; here we focus on
the drivers and outcomes of the social learning process.

DRIVERS
DELIBERATIVE DIALOGUE
Participants’ responses at the beginning and end of the workshop, and their answers in
both semi-structured interview rounds indicate that we succeeded in providing a
deliberative dialogue situation for all participants. Responses to exit survey questions
(directly following the workshop) indicated that participants felt safe, able to share
their reasoning, and willing to listen to each other. One participant put it as follows: “I

think it was basically that people were prepared to listen to other people. There was no
argument. No one said no, that is bullshit. You might have thought it was bullshit, or it
does not suit or fit with how I think but that everyone was mature enough, listened, and
maybe changed a bit.” Respect for (the reasoning) of others was perceived as a key
success factor: all participants agreed that the dialogue was respectful (“round table

honestly and freely about preferences and personal reasoning, and they were
confident others were honest during the discussion with reasoning of others being
perceived as logical or valid.
Immediately after the workshop, the perceived contribution of the crossover points to
the dialogue varied among participants. Most (7 out of 8) agreed that it added
“something” but it turned out to be difficult to put a finger on “what it added”. The
questions were described as ambiguous by some. However, this ambiguity was
perceived by others as a key strength of the tool, as it encouraged explaining why the
question is ambiguous: What other factors play a role and how do these other factors
differ among participants? The anonymous crossover point indications were
appreciated as discussion starters, and not as end results. Indicating personal
crossover points and then – by asking ‘why?’ questions – focussing on underlying
reasoning helped sharing and explaining perceived values, beliefs, and preferences.
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During the workshop reflection, participants seemed to agree that the alternative of a
general discussion would have been inferior as it would not have had the depth and
explorative character.
During the interviews, all participants indicated that they appreciated the dialogue and
appeared to be more positive – compared to immediately after the workshop – about
the tool used as it provided a start to the discussion and forced everyone to actively
participate. All participants agreed that the tool supported engagement and directed
the discourse away from discussing and defending positions: “There was no right or

wrong. It was genuinely participatory and that developed trust and engagement. I
thought it worked exceptionally well.” Another participant expressed it as clever: “It
was cleverly structured to encourage exploring your own viewpoint. Honest discussion
of your own viewpoint, which was useful in the end, as it helped to understand why
people had different ideas on the same topic.”
PROCESS DESIGN AND FACILITATION
All participants perceived the workshop as being worthwhile. While most (7 out of 8)
indicated that the workshop helped to inform how they valued water, participants
varied in ability to explain what they learned. For some, the value was in confirming
their ideas while for others, the value was in hearing and learning from the different
perspectives and getting new information: “I took away a lot of value out of the

workshop by talking to other participants, they also did as well. For different reasons,
such as understanding different points of view and opportunities for their business.”
During the one-on-one interviews, all participants indicated that they would
participate in a similar workshop and that they would recommend others to do so as
well. One participant explicitly expressed interest in repeating the workshop every 6
months to continue to learn with and from each other in this particular setting: ‘ Not so

much to set policy or anything but just as lateral thinking sort of group; brainstorming.”
All participants agreed that the facilitation and pace of the workshop was appropriate
for the content and group. During the interviews, the established relation during
previous workshops was mentioned as a contributing factor: “I think there is merit in
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making sure that there is a prior relationship and understanding with those in a
workshop as detailed as that.”

OUTCOMES
RELATIONAL OUTCOMES
Participants were mixed in their reflections on whether the workshop extended their
network. One participant knew all other participants beforehand but the others got to
know new people. All indicated in the one-on-one interviews (6 months after the
workshop) that it would be easier to collaborate in the future, which was an important
outcome and a reason to repeat such processes for the attending policy maker. For
some, the improved ability to collaborate had to do with empathy, while others
mentioned the bonding effect of having a common understanding: “ The common

framework and some common assumptions are there. You don’t have to convince those
people again” and “I think the opportunity to have open and frank discussions with
them exist now more so than it did prior. To have the policymaker in the room and
understand viewpoints of end-users is just invaluable.”

All participants indicated that they either learned about their own valuation or about
others’ valuation of water. Straight after the workshop, all participants indicated that
the workshop informed their thinking about costs and benefits of irrigation water. The
following two quotes, captured during the telephone and the one-on-one interviews,
illustrate the personal and broad nature of the indicated changes in understanding: “I

think in terms of outcomes that I gained some different perspectives and completely
new understanding for water value” and “Thinking about other people’s perceptions, I
thought was really valuable. The farming members of the group were quite alive to the
fact that in the long term, water means change. I imagine that this is a very challenging
thought for a lot of farmers that see themselves as intergenerational custodians,
where their identity is intertwined with their land and what they do. I thought that was
very interesting and not explicitly discussed often in relation to the development of
these schemes.” Some believed that the learning in the workshop was personal and
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that others learned more than they learned themselves. This learning did not
necessarily mean that their current valuation of water converged but instead, it
provided a broader understanding. However, there was a strong consensus about a
significant increase in the purchase price of water rights within the next 10 years. Six
months after the workshop, this was often mentioned as the most remarkable insight.
For example: “I think, the biggest discussion point that came out is that the perceived

value of water has definitely changed in a short space of time.”
SUBSTANTIVE OUTCOMES
The workshop led to substantive outcomes. In the exit survey after the workshop, two
participants already indicated that the insights of the workshop would have direct
impact on either their farm or their job as a manager/policy maker. During the
telephone interviews, the policy maker explained that he perceived the workshop as
very valuable from a policy making perspective, as “It allows policy makers to

understand the relevant issues for stakeholders, which can potentially improve policy
making”. The policy maker continued exploring the insights he gained during the
workshop and started discussion sessions within his department. Six months after the
workshop, he had initiated similar social learning processes in other parts of Tasmania
and changed the design of new policies towards a more participatory learning
approach.
One of the farmers indicated six months later he did not buy more water rights but that
the insights of the workshop influenced him in his role in various farmer committees.
Instead of looking at the value of water for his own enterprise, he now considers the
value of water for other farmers, for example when irrigating high value crops, and
incorporated the (possible) future directions of the price of water in his reasoning.
Another farmer indicated that it was important to keep on sharing their local
knowledge in such settings as understanding the viewpoints of other stakeholders was

“invaluable in the process going forward”.
The water manager and consultants all further explored the workshop topics with their
colleagues, challenging their current approach to informing farmers. One of the private
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water consultants indicated that since the workshop, he was more confident to advise
farmers to invest in water, even if the (current) numbers do not stack up: “ It has

broadened our advice, I think it helped us to help our clients change the way they think
about irrigation development.” We found that most substantive outcomes, such as
changes in the approach to water governance, only became tangible over time, and
were evident in interviews six months after the workshop but not earlier.

5.4. DISCUSSION
Social learning processes are often referred to as long lasting, requiring multiple
stages (e.g. Johannessen & Hahn, 2013; Ridder et al., 2005; Van Bommel et al., 2009).
Some scholars have argued that only intensive, continuous processes lead to learning
(Raadgever et al., 2012). Sol et al. (2013) argue that in these long lasting processes, a
single workshop can cause significant and enduring shifts, but they still evaluate the
overall process. Based on our evaluation six months after, our single workshop seems
to have had substantive outcomes, which might start, influence, and steer future water
planning and management processes. However, we argue that to assess the social

process needs to be designed to capture outcomes that emerge over time, which is in
line with Bull et al. (2008); McCrum et al. (2009).
Our assessment builds on the work of de Vente et al. (2016) Kenter et al. (2016a);
Scholz et al. (2014a) to identify meaningful indicators. We assessed outcomes in three
domains, and drivers affecting social learning processes by asking for the perceptions
of participants. Doing so, we aimed to capture drivers and outcomes of social learning,
as perceived by participants themselves instead of the more traditional approach of
directly assessing predefined indicators through pre- and post- measurements of
learning, as in Raadgever et al. (2012); van der Wal et al. (2014) or perceptions of
researchers/facilitators, see e.g. Sol et al. (2013). Our approach is prone to biases (e.g.
hindsight bias, see Kahneman (2011)) and should therefore not be used to assess
“how” learning took place. In addition, it is not possible to inventory and separate
relevant factors with the rigour required for causal claims as alternative explanations
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cannot be eliminated (Kampen & Tamas, 2014). However, associations made by
participants turned out to be valuable sources of better understanding drivers and
outcomes of processes aimed at social learning.
Timing and group composition influenced both process and content of the workshop.
Participants indicated that the workshop would have been much harder to facilitate 20
years ago. They all agreed it is of interest for the district, as well as for current and
future schemes, to be able to talk about the value(s) of water and to have influence on
improved planning, management, and governance. Participants from the local
government and nature conservation groups would diversify the group and might
provide relevant contributions to the dialogue (inclusivity is one of the conditions for
the ideal speech situation, see Habermas (2008)). Siddiki et al. (2017) argue that
increasing diversity of stakeholders can have both positive as well as negative
influences on learning. Broadening the set of stakeholders provides a fruitful avenue to
further explore the applicability of workshops aimed at social learning and is vital if
aiming for widespread understanding of complex issues (Dore, 2014).
The role and capacity of a facilitator is widely acknowledged to be crucial to the
success of dialogue and deliberative practice (de Vente et al., 2016). In this case, the
facilitator’s content knowledge and previously established relationship were noted as
beneficial to his role in the process. According to Groot and Maarleveld (2000); Groot
(2002), the style of facilitation can be defined as “integrative” as the focus is on
participants’ interests, the reasons behind these interests, values and personal
perceptions. An integrative facilitator embraces flexibility and acknowledges multiple
perspectives and broad participation. Established rules for a deliberative dialogue (see
Appendix IVA) are requisite for an integrative style of facilitation. How the style of
facilitation, background, and personality of the facilitator influence the drivers and
outcomes of social learning processes deserves further research, see e.g. Siebenhüner
et al. (2016).
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5.5. CONCLUSION
The evaluation data in our case study suggest that the participatory water valuation
workshop succeeded in providing conditions for social learning to occur. Participants
indicated that both the facilitator and the applied participatory valuation tool
positively influenced the deliberative dialogue among participants. Participants felt
safe, listened to each other, respected perspectives, and committed to explaining their
reasoning without trying to convince others. The workshop resulted in shared
understanding, relational, and substantive outcomes. We therefore conclude that
social learning is very likely to have occurred. This is significant, because social
learning is often assumed to require long lasting, intensive interactions.
According to the participants, the workshop made it easier to collaborate in the future,
partly because they established a shared understanding of the future value of water
but also because the workshop created respect and empathy for (the perspectives of)
others. This learning did not necessarily mean that their personal valuation of water
converged but instead, it provided a broader understanding. Substantive outcomes all

department, farmers changed their view on the value of water for both themselves and
others, and water managers feel now more confident to advise farmers to invest in
water, even if the current monetary costs and benefits do not stack up.
Participants learned together and continued to discuss and explore the covered topics
with others. Six months after the workshop there still was clear enthusiasm to
continue social learning. Our evaluation approach provides preliminary insights to
promote the uptake, funding, and acknowledgement of social learning processes and
so further testing in additional case studies appears to be worthwhile. We found that
participatory water valuation workshops are not only useful for their valuation
outcomes, but that they can also foster social learning among participants.
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Reviewing literature on hydro-social interactions and dynamic adaptive pathways provides
insights for the development of adaptive irrigation systems. Irrigation systems face
unforeseeable changes in climate, technologies, and societal preferences during their lifetime,
potentially rendering them obsolete or inadequate. To remain functional, irrigation systems
need to be adaptive to changes as the future unfolds. This chapter builds on the insights from
the preceding chapters and proposes a new conceptual approach for developing adaptive
irrigation systems by linking insights from the Dynamic Adaptive Policy Pathways (DAPP)
approach with the concept of dynamic, coupled human-water interactions. The approach aims
to help design and manage irrigation systems in such a way that the investments in
infrastructure will not be regretted later. Past approaches to irrigation system design were
largely informed by engineering or economic criteria. This is increasingly recognised as
insufficient. This chapter provides examples of contemporary irrigation systems in Australia to
highlight the need for iterative planning and design approaches that recognise the complex
interactions between human and water systems and embrace unknowns. An iterative learning
approach to water management allows farmers to influence the water system now and in the
future and improves the changes that long term system level objectives will be achieved.
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6.1. INTRODUCTION
Irrigation schemes facilitate the intensification of agricultural systems and are usually
associated with economic development and nation building (Australian Government,
2015). However, contemporary irrigation schemes no longer command the unequivocal
support they once did. Public policy debates now concern trade-offs between the
economic potential of irrigation and the prevention of adverse environmental and
social impacts. Anti-dam movements in the mid and late 20th century altered public
perceptions of infrastructure development and halted the construction of many large
dams (Gamble & Hogan, 2019), although recently there appears to be a resurgence
(Boelens et al., 2019). Support for existing irrigation systems is also susceptible to
shifts in public attitudes. For example, in January 2019, reports of fish kills in
Australia’s Murray-Darling Basin intensified public debates about water management
and irrigation, calling into question the effectiveness of previously negotiated
arrangements of water sharing (Australian Academy of Science, 2019). The long-term
sustainability of irrigation systems is as much a social and political challenge as it is a
challenge for science, engineering, and economics. Past approaches are no longer
considered sufficient for the design of new infrastructure (Gleick, 2003). There is a
growing body of literature that recognises that water systems are both natural and
social and are shaped by the coupled dynamics of human-water interactions

looking or adaptive decision frameworks to help deal with uncertainty about the future
(Garrick et al., 2017; Meinke et al., 2009; Walker et al., 2013). This, combined with
invariably contested goals for the future we aspire to, lends significant ambiguity to
water infrastructure planning.
Here, we argue that ignoring potential long-term social and environmental
consequences of investment decisions can lead to suboptimal outcomes. We use
examples from our research in Australia to highlight the need for adopting a long-term
perspective when decisions are made about investing in irrigation infrastructure. We
explore some of the challenges involved in the development of new irrigation schemes
in the Australian island state of Tasmania, at a time when support for existing irrigation
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schemes in Australia’s iconic Murray-Darling Basin is the subject of intense policy
debate. How can irrigation systems be designed and managed to be adaptive to a
future that will be shaped by largely unforeseeable human-water interactions? To
address this question, we review and bring together insights from the literature on
coupled human-water interactions and on dynamic adaptive pathways approaches to
explore how no-regret decisions could be made about the design and management of
irrigation infrastructure.

6.2. CONTEMPORARY IRRIGATION INFRASTRUCTURE DEVELOPMENT IN AUSTRALIA
In 2014, the Tasmanian State Government set a long term goal to achieve an annual
agricultural farm gate value of $AUD 10 billion by 2050, which was then almost a
tenfold increase of agricultural production value (AgriGrowth Tasmania, 2017). Water is
closely linked to this transformation, with irrigation investment proposals using catch
phrases such as ‘just add water’ and ’pipeline to prosperity‘ (Tasmanian Irrigation,
2012a). The schemes are designed to last for at least 100 years and deliver water at
95% reliability. Reliability is based on modelled projections of water availability
through to 2030 under wet, median and dry climate scenarios (Post et al., 2012).
Tasmania takes a deliberate, cautions approach to irrigation infrastructure
development. New irrigation schemes have to demonstrate economic benefits, ensure
cost-recovery, and meet selected environmental criteria (Australian Government,
2016). The schemes are developed as public-private partnerships, wherein farmers
must commit to buying water rights to cover at least 30% of the construction cost of
the scheme while the remaining 70% is funded by government. This first commitment
defines the design of the scheme and the supply capacity of the irrigation pipes. As
such, the long-term water availability delivered through the scheme is determined by
the current willingness of farmers to invest. In research carried out by the authors,
farmers with no previous experience in irrigation described how their perceptions
changed as they learned what they could do with water. Not only their demand for
water, but also their willingness to pay for water has increased in the last few years.
See Box 6.1 for an illustrative quote.
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Box 6.1. Illustrative quote of a Tasmanian irrigator about their changing perspective on the
value of irrigation water, from Nikkels et al. (2019b)

“I remember when water cost $15 /ML (1000 m3) and it went to $20 /ML and we all
thought it was too dear. Sometimes you have got to pinch yourself and realise that I’m
about to spend $250,000 just to get access to 50 ML of water. If someone would have told
me this 10 years ago, I would have thought he was living in fairyland, but perceptions
change. If I tell other growers about the reality of irrigation water they often don’t believe
me”.

Although irrigation schemes are built with the explicit purpose of transforming the
agricultural sector and rural communities, the current design strategy in Tasmania
treats social change as outside its scope; it does not explore future scenarios of
varying demand for irrigation water or changing attitudes, including the perceived
value of irrigation water.
By designing new irrigation schemes based on current demand, (current) economic
viability might be ensured, but adaptation to future changes of climate and social
values is limited. This can lead to the development of infrastructure that is either
inadequate or inappropriate in the future. Nowhere is this more apparent than in
Australia’s Murray-Darling Basin. Significant investment of public funds in large

development of regional communities for most of the 20th century (Connell, 2011;
Musgrave, 2008). Towards the late 1900s however, changing attitudes towards
recurrent environmental issues in the Basin altered the political commitment for largescale infrastructure. Reforms were instituted to buy back water licenses from
irrigators and allocate water for environmental purposes, but they remain mired in
controversy to this day. Reflection on water resource development in the MurrayDarling Basin leads to two relevant insights:
1)During the life span of irrigation infrastructure, societal preferences and water
availability are likely to change;
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2)Reallocation of water is a difficult, expensive process that poses a huge political
challenge.
These examples highlight the need for greater recognition of the interconnectedness of
human-water interactions when irrigation systems are developed.

6.3. RECOGNITION OF COUPLED HUMAN-WATER INTERACTIONS
When water is conceptualised as a resource, biophysical factors such as climatic
influences, flow, storage or drainage are often considered independently from human
or social factors such as needs, values, or governance (Boelens et al., 2016). Likewise,
when water infrastructure systems are planned, social and economic considerations
are, to use Lane’s (Lane, 2014) words, ‘bolted on’ to the end of hydrological assessment
and design. Many argue that the arbitrary decoupling of bio-physical considerations
from social, economic or political considerations has led to adverse consequences for
people and the environment (Garrick et al., 2017; Savenije et al., 2014; WWAP (World
Water Assessment Programme), 2012). Malin Falkenmark (1977; 1979), an early
advocate for interdisciplinary studies of water, pointed out the extent of human
influence on water circulation and made the case for a new field of hydrosociology to
involve the social sciences in the study of the coupled nature of human-water
interactions (Falkenmark, 1979).
Studies of integrated social and environmental systems have proliferated in the last
three decades, with notable contributions being made by Elinor Ostrom (1993) on longenduring irrigation systems and more broadly, the literature on resilience in socialecological systems. The focus of the social-ecological systems literature is on the
system as a whole, wherein interrelationships between components and processes are
emphasized (Folke, 2016). However, this literature has met with criticism from many
social researchers who contest the application of functionalist ecological theories to
the study of human systems, particularly for its inability to account for the role of
human agency, power relationships or constructivist theories of knowledge (see Olsson
et al. (2015) for a broad critique).
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Focussing on studies of human-water interactions, Wesselink et al. (2017) trace and
contrast two approaches that have emerged from natural sciences and social sciences
perspectives: socio-hydrology and hydrosocial research. Socio-hydrology has emerged
as a new discipline that seeks to study the dynamics of society-water interactions to
discover regularities that emerge over time in diverse contexts (Pande & Sivapalan,
2017). It aspires to capture all human-nature interactions into a holistic, quantitative
model that explains and seeks to predict how human-water systems co-evolve over
time (Srinivasan et al., 2017). As with social-ecological systems, the main criticisms of
socio-hydrology are its inability to predict human values, human behaviour or social
interactions (Di Baldassarre et al., 2016; Melsen et al., 2018) and its inability to deal
with knowledge controversies (Lane, 2014). By contrast, hydrosocial research
encompasses the work of social scientists and political ecologists who focus on the
power relations that lead to inequalities in human-water systems. It sees humanenvironment interactions as a dialectical process that shapes both water and society.
i.e., their relationship is internal. Just as the material flows of water through the
landscape influence human activity, social relations – played out through hydraulic
infrastructure, laws and policy narratives – determine the flow of water (for example,
see (Budds, 2009)). Hydrosocial research is criticised for over-theorizing and not
engaging as much with identifying solutions to the problems they articulate (Wesselink

Regardless of these epistemological differences and limitations, both sociohydrological and hydrosocial approaches highlight the complex and coupled nature of
human-water interactions. Whilst the explanatory power of socio-hydrology is useful in
a historical, spatial and comparative sense, the value of hydrosocial research is in its
emancipatory power, i.e., its ability to illuminate power asymmetries so that they may
be negotiated and addressed. In this regard, the two approaches could complement
each other in a pluralistic or reflexive manner (see Lane (2014); Olsson et al. (2015);
Sinclair et al. (2017) for ways to do this). While this adds value to the planning and
design process, it still does not address the limited ability to support forward-looking
decision making. For that, the literature on Dynamic Adaptive Pathways might help.

133

Chapter 6

et al., 2017).

Chapter 6

6.4. EMBRACING THE UNKNOWNS BY EXPLORING ADAPTIVE PATHWAYS
Dealing with future uncertainty is increasingly recognised as a key challenge for the
design and management of water infrastructure. (Spiller et al., 2015; Walker et al.,
2013; Wise et al., 2014). A promising approach, applied in the long-term Dutch Delta
Programme, is the Dynamic Adaptive Policy Pathways (DAPP) approach (Haasnoot et
al., 2011; Haasnoot et al., 2013; Haasnoot et al., 2018a; Haasnoot et al., 2018b). The
DAPP approach is presented as a new planning paradigm, wherein a strategic, longterm vision is developed based on consensus (Dewulf & Termeer, 2015). Commitments
are made for short-term action items while the framework allows for dynamic
adaptation over time, i.e., the pathways to reach the strategic vision can be adjusted or
switched as the future unfolds (Kwakkel et al., 2016). Predefined tipping points trigger
the need to redefine a strategy or to change direction (Haasnoot et al., 2018b). The
intention of using the DAPP framework in the Dutch Delta program is to avoid making
design decisions now, that will be regretted later (Ministry of Infrastructure and Water
Management et al., 2018).
Outside the Netherlands, similar adaptive pathway approaches have been applied in
England to develop the Thames Estuary 2100 pathways (Ranger et al., 2013), in New
Zealand, where stakeholders explored the influence of climate scenarios in a local
flood risk management context (Cradock-Henry et al., 2018; Lawrence & Haasnoot,
2017), and in Australia to develop adaptive plans to adjust to climatic changes in two
local coastal regions (Barnett et al., 2014; Siebentritt et al., 2014). In the face of
uncertainty, the DAPP approach reduces path-dependencies; it is adaptive to new
information; and it allows for greater distribution of costs and benefits across
generations (Pande & Sivapalan, 2017).
The main limitations of the DAPP approach relate to its assumptions: that participants
have an understanding of (system) complexities (including externalities); that tipping
points can be clearly identified; that knowledge is uncontested; and that a clearly
defined unambiguous long-term objective can be agreed upon (Bloemen et al., 2018;
Bosomworth et al., 2017). Furthermore, we find that applications of DAPP tend to focus
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on climatic or natural unknowns. The coupled interactions between biophysical and
social phenomena are rarely explored. In some cases (for example in Offermans and
Valkering (2016)), future changes in climate and societal perspectives are considered
together to evaluate the robustness of investment strategies, but these approaches
use forecasting techniques, which can be problematic for dealing with unforeseeable
changes.

6.5. INSIGHTS FOR DEVELOPING ADAPTIVE IRRIGATION INFRASTRUCTURE
During the lifespan of irrigation infrastructure, unforeseeable changes in climate, the
environment, technologies, and societal preference can render the infrastructure
inadequate, obsolete or prohibitive to sustain. Hence, we propose a new approach
(Figure 6.1) for developing adaptive irrigation systems that brings together insights
from DAPP and the literature on coupled human-water interactions. The major
difference from DAPP is that the proposed approach recognises the coupled dynamics
of human-water interactions by exploring impacts on the water system, society and
the environment iteratively. Fig. 6.1 shows this modified, iterative learning and
assessment loop, adapted from Haasnoot et al. (2013), that makes this approach
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applicable for other settings such as coastal or river infrastructure.
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Figure 6.1. Developing irrigation systems in a social learning
process by linking hydro-social interactions with adaptive
pathways. Adapted from Haasnoot et al. (2013)

Rather than attempting to predict hydro-social changes, we propose that finding the
ideal pathway to manage or use water should be approached as an ongoing learning
process with stakeholders. The process commences with the development of broad
objectives, with the recognition that these objectives will change over time. A
prerequisite for such an approach would be a culture that openly embraces and
communicates uncertainty and ambiguity1. Social unknowns are not to be treated as
1

Ambiguity is identified as a source of uncertainty (e.g. van Asselt & Rotmans, 2002) or as a
dimension of uncertainty (Brugnach et al., 2008). Here, we refer to it separately to stress its
significance.
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exogenous but instead to be embraced, internalised, explored, and communicated.
Uncertainty, ambiguity and ignorance can foster creativity, innovation, and consensus
building (Smithson, 1993), but it is important to recognise that they can be used as a
political tool (Huber, 2019; Lynch, 2019).
Recognising the importance of the political and institutional contexts of water
resource decisions (Boelens et al., 2016; Pot et al., 2018; Ricart et al., 2019), we
suggest that as a part of the design and management process, space should be
explicitly created for social learning amongst stakeholders. Social learning processes
aim to facilitate cooperation among stakeholders based on shared meanings and
practices (Wehn et al., 2018) and provide a means to learn together to better manage
together (Pahl-Wostl et al., 2007b). Diverse and plural knowledges are a key ingredient
to such learning (Zwarteveen & Boelens, 2014). In the Tasmanian research study
described above, we found that such processes can also be useful in appreciating
social change induced by changes to water systems and vice versa. Facilitated
discussions between key stakeholders can create opportunities to appreciate
diversity, learn from each other, and enable the identification of potential future
pathways. Indeed, community-based social learning approaches to deal with future
uncertainty are arguably more justifiable than top-down engineering solutions that
regard social values as static and unchangeable (Boelens, 2014; Brugnach et al., 2008;

processes are not immune to issues arising from power asymmetries. It becomes
imperative to critically examine the framing of issues and contestations of knowledge
to foster conditions for learning.
An important element of the proposed approach is the addition of flexible design
alternatives when it comes to irrigation infrastructure development. Irrigation
infrastructure is typically expected to last at least several decades, often centuries.
Without flexibility in design, the adaptiveness of the overall system is largely
constrained. Flexibility is required not only in the design of physical infrastructure (for
examples, see (Spiller et al., 2015)) but also in institutional arrangements and
management options. We conclude by identifying adaptive design approaches for
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irrigation infrastructure. This includes suggestions for future research. We provide
three examples of strategies that could be explored for the development of adaptive
irrigation infrastructure:
1.Improving adaptive capacity through social learning processes that bring
together experienced irrigators (or other stakeholders) with farmers who are
considering making an investment decision in infrastructure.
2.Organising informal networks and recurring workshops between stakeholders
aimed at social learning, ideally decoupled from decision making. Decoupling
learning from decision making could help to overcome issues related to power
imbalances, allow participants to bridge divides and improve dialogue conditions
(Dryzek, 2006; Kanra, 2012).
3.Overcoming path dependency by regulating the water market. Regulation can be
done in many ways. One way is for the State to purchase water rights in the
development stage with subsequent release of these rights at strategic points in
time to regulate the price and allow newcomers to start irrigating. Another way to
encourage learning by doing is to lower the upfront cost of water rights and
increase the yearly rates. This would potentially lead to a bigger uptake of water
rights and farmers pay for the water when they actually have the chance to
generate the value needed to cover the costs. An additional option is to stop
allocating perpetual water rights, but instead treat water rights as scarce
resources such as radio frequencies, that can be bought at auction for a limited
period only (say 30 years). This would allow future generations to participate in the
scheme and adapt to future social and hydrological changes.
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7.SYNTHESIS
7.1. INTRODUCTION
Farmers have always influenced the local and regional water system through on-farm
interventions, such as local water storage. They are now being increasingly called upon
to contribute to long-term regional water management agendas, for example, by
investing in on-farm infrastructure and/or water use licences. At the same time,
farmers are themselves influenced by changes in the regional water system, through
the coupled dynamics of human-water interactions. Recognizing these coupled
dynamics acknowledges that water and society make and remake each other over
space and time in an iterative hydro-social cycle.
This research sought approaches and insights to better understand farmers’ influence
on regional water systems. First, it identified technical and socio-economic challenges
in assessing the regional effects of local interventions. Then farmers’ reasonings and
personal motivations were explored for investing (or not investing) in additional water
from joint irrigation schemes. A participatory approach was developed to help farmers
elaborate and share their personal and evolving perspectives on irrigation water. That
approach was then applied in three workshop settings in Tasmania, Australia. One of
the workshops, aimed at fostering social learning, was evaluated based on drivers of
success (i.e., factors stimulating social learning) and outcomes (i.e., indications that

Each chapter of this thesis addressed one of five research questions:
 What are the main challenges in assessing the regional feasibility of local water
storage? (Chapter 2)
 How can crossover points provide insights into farmers’ preferences for various
water sources (Chapter 3)
 Can participatory crossover analysis lead to a better understanding of personal
reasoning behind investment decisions in extra water for irrigation? (Chapter 4)

139

Chapter 7

social learning had occurred).
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 Can a single participatory water valuation workshop foster social learning?
(Chapter 5)
 How can incorporating human-water interactions in regional water management
contribute to achieving long term system level objectives? (Chapter 6)
Figure 7.1 provides a schematic overview of the chapters, their interrelations, and the
contributions of each to the overall research objective. The rest of this chapter is
organized as follows: Section 7.2 briefly answers the five research questions. Section
7.3 sketches the contributions of the current research to the literature and makes
recommendations for future research. Section 7.4 discusses limitations and policy
implications of the current work, followed by a summary of the conclusions in section
7.5.
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Figure 7.1 Schematic overview of the chapters and their relation to the overall objective. The solid arrows
indicate the iterative and inductive approach of the research, with outcomes feeding into subsequent
chapters. The dotted lines show that all chapters relate to the overall objective, but from a different angle.
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7.2. THE RESEARCH QUESTIONS ANSWERED
Q1. What are the main challenges in assessing the regional feasibility of local
water storage?
The system-level implications of local storage interventions have long been poorly
understood. This knowledge gap has hampered assessment of regional storage
potential. Chapter 2 addressed this knowledge gap by identifying and discussing eight
challenges in assessing the regional feasibility of local water storage. The challenges
were categorized in three clusters. The first cluster contains challenges related to
comparing water storage interventions in their local context:
 Exploitable

volumes

differ

due

to

differences

in

manageability

and

rechargeability
 Stored water may serve additional purposes, such as preventing saltwater
intrusion into the plant root zone
 Storage impacts the direct surroundings, influencing the local feasibility of other
techniques
The second cluster concerns challenges related to the water system context:
 The spatial and temporal scales of analysis influence assessment findings
regarding the overall feasibility of local storage
 Uncertainty about the local availability of water to fill local storage installations
reduces reliability
 The actual contribution of local storage to regional objectives is influenced by
incorporation of alternative sources, such as return flows, reuse, and regional
storage
The third cluster is challenges related to farmer decision-making:
 Costs and benefits of local storage are hard to quantify, especially when
benefits pertain to various spatial and temporal scales
 Farmer investment decisions are difficult to predict and may deviate from the
economically optimal option
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To fully grasp the feasibility of local interventions, we need approaches that help us
understand farmers’ personal preferences when deciding among alternatives.
Specifically, we need to better understand why farmers make the choices they do and
the factors that farmers consider when making investment decisions to improve their
on-farm water availability.

Q2. How can crossover points provide insights into farmers’ preferences for
various water sources?
A crossover point represents conditions in which alternatives are equally preferable to
a decision maker (here a farmer). By analysing crossover points in a participatory
setting, participants provide insights into their personal reasoning underlying
decisions on projected water needs and on their non-static, personal preferences
among sources.
With this in mind, Chapter 3 explored whether and how farmers’ preferences for
different water sources could be gainfully discussed and compared in a participatory
workshop using crossover points. A participatory framework was developed, applied,
and evaluated in an approach termed ‘participatory crossover analysis’. The presented
step-wise framework advances the crossover literature by serving as a checklist for
organization of such a workshop. The framework consists of five general steps: (1)
Check whether the aim of the workshop can be satisfied by participatory crossover
analysis. (2) Analyse the context and determine whether the conditions are suitable for
use of participatory crossover analysis. Proceed to step 3 only if the aims and

and (5) evaluate.
The framework was applied in the Coal River Valley in Tasmania, Australia. In a
workshop setting, experienced irrigators shared their knowledge and encountered
others’ distinct ways of accounting for the factors determining their water source
preferences. Three alternative sources of irrigation water were considered, with
crossover questions concerning cost, reliability, quality, and manageability. The
workshop provided insights on (1) how much and in what way the factors considered
would have to change to switch personal preferences; (2) why and how personal
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conditions are clear and suitable. (3) Design the workshop. (4) Facilitate the workshop,
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crossover points differed within the group; and (3) changes in participants’ reasonings
over time.
The key insight gained from this workshop was that water source preferences were
personal and dynamic. Most participants indicated that their demand for reliable
water of high quality, and their willingness to pay (WTP) for water, had increased
significantly over the years while they were learning from experience. However, they
had very different views on investing in water rights. Farmers valued cost, reliability,
quality, and manageability very differently. Particularly, the assumed costs and
benefits of the different sources turned out to be personal and subject to change.
Deliberately avoiding the assumption of a single ‘best’ alternative broadened the
discussion. Indeed, what farmers perceived as ‘best’ was far from objective, but turned
out to be, at least in part, a personal preference, subject to change over time.
The evaluation revealed that the workshop design and facilitation were effective in
creating conditions for dialogue eliciting and exploring farmers’ distinct lines of
reasoning. This provided a foundation for generating respect for differences in
preferences and decision-making. Reflecting on personal reasonings and learning from
and with others to understand why crossover points differed turned out to be both
relevant and useful to participants. Most indicated that they would be willing to take
part in another workshop and would recommend the workshop to others. They also
agreed that the content of their discussions would be of interest to others. This
suggests that participatory crossover analysis can improve researchers’ and
policymakers’ understanding of farmers’ preferences for water sources, by revealing
the diversity of reasonings that underpin investment choices. However, actively
participating in the workshop was said to provide greater opportunity for learning than
merely reading about workshop outcomes.

Q3. Can participatory crossover analysis lead to a better understanding of
personal reasoning behind investment de cisions in extra water for irrigation?
Chapter 4 implemented the concept of participatory crossover analysis in a water
valuation setting, using crossover points as willingness to pay (WTP) scenarios. This
built on findings from Chapter 3, in which participants compared alternative water
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sources. In Chapter 4, the crossover questions related to the binary choice of whether
to invest (or not to invest) in high quality, reliable volumes of water for irrigation from a
joint irrigation scheme. The questions focused on WTP for high quality, reliable
irrigation water. Participants were experienced irrigators and non-irrigators from the
valley adjacent to the Coal River Valley. Participatory crossover analysis here centred
on the personal reasonings underlying decisions to invest in extra water for irrigation.
The participatory approach to water valuation sought to improve on contingent
valuation approaches by focusing on the factors determining investment decisions (as
recommended by, e.g., Burgess et al. (1998)). Thus, the intention of the workshop was
not to find one ‘true’ WTP or one ‘right answer’, as would be the aim of a more
positivistic approach to valuation. Using WTP as a starting point for discussions
provided an opportunity for participants to explore their own reasonings and compare
these with others’. In this way, crossover analysis provided a means to share insights
and incorporate the knowledge and expertise of others in a participatory water
valuation setting.
Farmers’ personal reasonings went beyond short-term economic gains and gross
profits. Their considerations were diverse, and did not seem to align with the idea of
maximizing short-term profit. Indeed, participants indicated that the monetary costs
and benefits of high quality, reliable water were expected to vary over time and that
not all benefits were direct and tangible. Intangible benefits included drought-proofing
the core of a business and flexibility to wait for better market conditions. Beginner
irrigators indicated that they had to learn how to use irrigation water in their

experience.
In addition to monetary costs and benefits, the workshop elicited nonmonetary values,
and dug deeper to understand the assumptions and personal logics underlying these.
For

example,

influential

factors

included

lifestyle

choices,

long-term

(intergenerational) planning, managing (perceived) risks, and intrinsic motivations.
These insights, elicited through the participatory approach to water valuation, explain
why an individual farmer might consider an investment in additional volumes of high
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quality, reliable water for irrigation ‘worth it’. Whether an investment in water is ‘worth
it’ turned out to be a personal value judgment subject to change.
The evaluation data suggest that the workshop provided new insights on the
investment decision-making processes across participants. Despite rather negative
dynamics at the start of the workshop, group dynamics quickly changed to a
productive, non-judgemental environment in which participants felt comfortable
enough to share and admit to not knowing. The focus on personal reasonings improved
participants’ understanding of differences among themselves in water valuation. The
workshop generated more respect for others and the decisions they made. All
participants indicated that they would recommend the workshop to other irrigator
groups, especially during the pre-feasibility stage of new irrigation schemes, to enrich
the knowledge of potential water-buyers.

Q4. Can a single participatory water valuation workshop foster social learning?
Chapter 5 assessed the social learning potential of a single participatory water
valuation workshop. This contributes to the social learning literature, as most of this
literature indicates that lengthy, intensive processes are required for effective social
learning. Farmers, water managers, and policymakers shared their personal
perspectives on the past, current, and future value of irrigation water in south-east
Tasmania. In a workshop setting, an analysis of differences in personal water
valuations, expressed in crossover points, provided the starting point for a facilitated
and structured dialogue exploring these differences. Participatory crossover analysis
was found in this case to stimulate the sharing of personal knowledge, perspectives,
and preferences, which is conducive to social learning. Pahl-Wostl et al. (2008a),
among many others, argued that social learning improves capacities for sustainable
water management.
To assess whether and to what extent a single workshop can foster social learning,
drivers (i.e., factors stimulating social learning) and outcomes (i.e., indications that
social learning occurred) were analysed. This was instead of focusing on ‘how’ learning
took place. The assessment results suggest that the workshop did provide drivers for
social learning to occur. In addition, participants stated that the workshop improved
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and extended their networks; fostered shared concern about increasing water licence
prices; and induced changes in the use, management, and governance of water for
irrigation.
These results suggest that participatory valuation workshops, such as the one
analysed here, have strong potential to facilitate social learning. All participants
indicated that by informally sharing information, they learned from and with each
other. Pahl-Wostl (2017) considered such informal sharing and integration of
knowledge essential for improving regional water management and governance.
According to the participants, the workshop made future collaboration easier, partly
because participants established a shared understanding of the future value of water,
but also because the workshop cultivated respect and empathy for the perspectives
and reasoning of others. Hence, participatory water valuation workshops would seem
useful not only for valuation outcomes, but also for fostering social learning among
participants.

Q5. How can incorporating human-water interactions in regional water
management contribute to achieving long-term system-level objectives?
Chapter 6 built on the insights from the preceding chapters. It proposed a new
conceptual approach for developing adaptive irrigation systems by linking insights
from the Dynamic Adaptive Policy Pathways (DAPP) approach with the concept of
dynamic, coupled human-water interactions. By linking the explorative power of the
DAPP approach with the notion that water and society make and remake each other
systems in such a way that investments in infrastructure will not be regretted later.
In Tasmania, new irrigation schemes are being developed to facilitate intensification
and transformation of agriculture. The new irrigation schemes are public-private
partnerships in which farmers are asked to co-invest with other farmers and
government to cover construction costs. The current willingness of farmers to invest
defined the schemes’ design and the supply capacity of the irrigation pipes. However,
participants in all of the workshops (described in chapters 3, 4, and 5) indicated that
when new irrigation schemes were in place, people began to learn, adapt, and adjust.
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Often, they established new enterprises and, consequently, both water demand and
farmers’ willingness to pay (WTP) increased significantly. This suggests that designing
new irrigation schemes based on current demand may ensure economic viability today,
but limits potential adaptation to future climatic and societal changes. This can lead to
unintentional ‘lock-ins’ with infrastructure proving unfit-for-purpose in the future.
Together, the insights from chapters 3, 4, and 5 imply that social changes induced by
changes in the water system, should no longer be treated as exogenous but instead
should be internalized in the design and management of irrigation systems.
Incorporating human-water interactions in the management of regional water systems,
by anticipating future social and hydrological changes, increases the chance that
irrigation schemes will remain fit-for-purpose.
Figure 6.1 presents a modified version of the DAPP approach. Here, the coupled
dynamics of human-water interactions are recognized by iteratively assessing impacts
on the water system, society, and the environment. The proposed iterative process
begins with the development of broad and shared objectives and recognition that even
these objectives might change over time. Socio-economic conditions evolve and policy
settings change. To achieve long-term system-level objectives, flexibility is required,
not only in the design of physical infrastructure, but also in institutional arrangements
and management options. An ongoing, iterative learning approach to water
management allows both current and future farmers to influence their water system,
now and in the future.

7.3. SCIENTIFIC CONTRIBUTIONS AND RESEARCH RECOMMENDATIONS
The main scientific contributions of this thesis are three:
1. Specification of the main challenges in assessing the regional feasibility of local

water storage. This thesis identified and discussed eight challenges describing
why it is so difficult to compare interventions, to assess interventions’ cumulative
impacts, and to capture farmers’ decision-making in models.
2. Extension of the use of crossover points to a participatory setting. This thesis
presented, applied, and evaluated a new framework that uses crossover points to
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support group dialogue on personal preferences for water sources (Chapter 3), as a
tool for valuation of irrigation water (Chapter 4), and to foster social learning
(Chapter 5).
3. Presentation of an adaptive approach to irrigation infrastructure, linking insights

from the literature on human-water interactions and adaptive pathways. The
research in Tasmania highlighted the power of the rollout of new irrigation
infrastructure to trigger social change. It is imperative to acknowledge, explore,
and embed these societal changes in the design and management of irrigation
infrastructure.
Below, I elaborate on these contributions in more detail, including avenues for future
research.

MAIN CHALLENGES IN ASSESSING THE REGIONAL FEASIBILITY OF LOCAL WATER STORAGE
The challenges identified and discussed in Chapter 2 respond to the call by van der
Zaag and Gupta (2008) for more research on the regional implications of local water
storage. The main challenges in assessing the regional feasibility of local water
storage, as identified and categorized here, constitute a first step towards improving
storage assessment tools and processes (see Table 2.3). My specification of the main
challenges can serve as a guide for future research on assessment of the regional
feasibility of local water storage in various settings and from different disciplinary and
interdisciplinary perspectives.
The eight challenges identified aim to raise awareness and function as warnings for

assess farmers’ influence on the regional water system must go beyond local or
regional hydrology, as the cumulative impact of interventions depends on the various
investment decisions made by individuals. What is technically possible or feasible from
a system-level perspective may not prove possible or feasible for every farmer
individually. This insight motivated to search for ways to improve understanding of
farmers’ personal preferences and the factors that influence their decisions to invest
(or not to invest) in irrigation water.
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those undertaking an analysis of local storage techniques. Indeed, approaches to

Chapter 7

RESEARCH RECOMMENDATIONS
For further research, I recommend examination of other contexts to explore the
generalizability of the eight challenges. In many countries, local storage may
constitute the principal – or even the only – means of increasing the amount of water
available during the growing season. This may result in a different role of local storage
than in the Dutch case. In mountainous regions, for instance, influences on peak flows
need to be taken into account (Thomas et al., 2011). For example, farmers might
strategically release water from their dams when downstream cities face severe
hydrological drought, as happened during the 2018 drought in Cape Town, South Africa
(Walton, 2018). In Tasmania, farmers’ ability to strategically release water from onfarm storage to support adaptive water management on a regional scale has been
explored for the purpose of river health (Cleary et al., 2018; Ellison et al., 2019). Other
purposes of local water storage, beyond irrigation, such as to provide ecosystem
services, might be worth considering when comparing storage techniques (Mul & Gao,
2016).
Chapter 6 discussed the possibility that climate, technologies, and societal
preferences, as well as on-farm and system-level objectives, may change over time. An
intervention that supports farmer or system-level objectives at one point in time may
thus turn out to be insufficient or undesirable later. For example, in January 2019,
reports of fish kills in Australia’s Murray-Darling Basin intensified public debate about
water management and irrigation (Australian Academy of Science, 2019). In October
2019, satellite images revealed that farmers had full dams, while rivers were dry (ABC
News, 2019a), unleashing another public debate on the social desirability of previously
negotiated arrangements (ABC News, 2019b). These examples indicate that
rearranging or reversing previous changes is a sensitive, political, and expensive
undertaking, hampered by lock-ins and path dependencies, described from an
environmental water management perspective by Kumar (2016). The implications of
the temporal component of feasibility are an interesting avenue for further exploration.
Challenges in assessing how local actors can help achieve system-level objectives are
not water-specific. These challenges also pertain, for instance, to the energy sector.
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Optimal deployment of centralized and decentralized energy resources at the system
level is a key undertaking in multi-energy systems (MES) and features prominently in
concepts such as the ‘smart grid’ (Mancarella, 2014). The challenges can be technical,
as storage and transport of energy is of key importance in decentralized systems.
However, they can also be social, as regional (energy) objectives increasingly depend
on investment decisions, consumption, and behaviour of local actors such as
householders (Smale et al., 2017). Similar to managing regional water systems, MES
also face uncertainty and ambiguity. The long-term sustainability of MES is as much a
social and political challenge as it is a challenge for science, engineering, and
economics. Gleick (2003) argued that past approaches for the design of new irrigation
infrastructure are no longer sufficient. This statement also seems to apply to MES.
These similarities provide interesting avenues for comparative research between
regional water management and MES.

EXTENDING THE USE OF CROSSOVER POINTS TO A PARTICIPATORY SETTING
In my research, I developed, applied, and evaluated participatory crossover analysis in
multiple settings, aimed at achieving different outcomes. This indicates the
approach’s broad applicability. In participatory crossover analysis, personal crossover
point indications need not be certain or ‘right’. No agreement is required on the factors
involved, and what is ‘best’ remains subjective and personal. Workshop discussions,
sparked by elicited personal crossover points, cover the set of factors under
consideration, as well as how participants understand the factors and integrate them
into their own reasoning, the value they attach to each factor, and how values may

explore why their personal preferences may be different from others’ within the group.
This shifts the crossover exercise away from problem-solving (see, e.g., Arshad et al.
(2014); Frey and Patil (2002)) towards a learning mode, with uncertainties, personal
reasonings, and assumptions at the forefront of the dialogue. Doing so builds
specifically on Guillaume et al. (2016), in which crossover points were embedded in an
explorative learning context.
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change over time. The aim of the workshops is to give participants space to explain and
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In addition to the aims defined in Chapter 3 (see Table 3.2), this thesis found that
participatory crossover analysis could be a valuable tool for understanding the value of
irrigation water and for fostering social learning.

WATER VALUATION
Water valuation has recently gained policy interest. Sustainable Development Goal
(SDG) 6 relates to water, and SDG target 6.5 pertains to integrated water resources
management (IWRM) (UN Water, 2018). A basic principle of IWRM is that water has
values, including an economic value, and that these values must be considered in
water management (ICWE, 1992; Savenije & Van der Zaag, 2002). Hellegers and van
Halsema (2019) suggested that water valuation might serve as a structured and
transparent mechanism to improve group decision-making processes.
The participatory valuation exercises presented in this thesis did not aim to contribute
directly to group decision-making. Further, the workshops described did not seek the
best or optimal outcome, or a definition of a just price. Rather, by enabling a dialogue
on personal water valuations, this research responded to the call of the UN High Panel
on Water (2017) for water valuation methods that incorporate the personal and
multidimensional values of water. The focus on personal reasonings underlying water
valuation is also in line with the growing recognition that nonmonetary aspects need to
be considered in water valuation, and that greater participation by stakeholders
improves consideration of these aspects (Garrick et al., 2017; Graversgaard et al.,
2017; Harou et al., 2009). The valuation workshops were designed to facilitate a
deliberative dialogue and foster social learning and therefore contributed to broaden
the purpose of water valuation, from supporting joint decisions to fostering social
learning.

SOCIAL LEARNING
The findings from Chapter 5 imply that a single workshop can foster social learning.
This is a distinct departure from most literature on social learning, which suggests that
social learning processes need to be long-lasting and intensive (Johannessen & Hahn,
2013; Raadgever et al., 2012; Van Bommel et al., 2009). The assessment approach to
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social learning presented in Chapter 5 does not focus on ‘how’ learning took place, but
instead on drivers (factors contributing to social learning) and outcomes in one or more
domains. Improved assessment of the outcomes of processes aimed at social learning
might positively influence uptake, funding, and acknowledgement of social learning
processes.
For the assessment of drivers, I followed the recommendations of Kenter et al. (2016a)
and de Vente et al. (2016) for designing participatory processes that foster social
learning. They argued that participatory tools and facilitation are the most important
drivers to enable social learning to occur. In addition, assessments link social learning
to deliberation; that is, a deliberative dialogue in which participants commit
themselves to explain and justify their positions has been found to be a key driver for
social learning (see e.g. Hajer & Versteeg, 2005). My research decoupled social learning
from actual decision-making. Decoupling learning from decision-making helped move
the discourse away from strategic calculative reasoning (see, e.g., Barraclough (2013);
Dryzek (2006). Not having to make a joint decision proved conducive to social learning,
as it steered dialogue conditions towards the ideal setting for deliberation described
by Habermas (1998).
To assess outcomes, I built on Scholz et al. (2014a), who provided an analytical
framework to assess outcomes of social learning facilitated by participatory methods.
They defined three domains: relational outcomes, shared understanding (captured by
converging mental models), and substantive outcomes. I used these three domains to
empirically assess outcomes of social learning as perceived by participants
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themselves. According to the participants, the single workshop produced outcomes in
all three domains.

RESEARCH RECOMMENDATIONS
Applications in different settings, for instance, in other countries or in domains other
than regional water management, may provide additional insights on the applicability
of the participatory crossover analysis framework. For instance, I facilitated crossover
discussions in various explorative workshops in the province of Zeeland, the
Netherlands, to guide interaction between water managers and farmers who had not
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collaborated before. In addition, I applied participatory crossover analysis in the
Waterhouderij, an initiative in which farmers and water managers actively learned to
better manage their own regional water system together (Nikkels et al. (2019e). Despite
years of learning together, this workshop revealed that farmers’ willingness to pay for
water still differed significantly.
There may well be cases in which there is an objective best option, for example, an
alternative that provides the greatest net benefit. In that context a more structured
approach to participatory crossover analysis might be appropriate (see, e.g., Arshad et
al. (2014). By making use of an interactive interface that visualizes the consequences
of assumptions on costs and benefits and the ranking of alternatives, crossover points
can be used in these cases too to explore unknowns in a workshop setting with
stakeholders (see Guillaume et al. (2016). Comparisons of alternatives might be
facilitated by ‘vulnerability analysis’, in which factors that influence the alternatives
providing the greatest net benefits are defined and discussed.
Further examination is also warranted of factors that contribute to success in turning
around an initially polarized workshop setting, such as we encountered in the
workshop of irrigators and non-irrigators (Chapter 4). The reasons why farmers, water
managers, and policymakers may initially hesitate to participate in a joint workshop
(Chapter 5) should also be further explored. What factors and conditions are at work in
stimulating a deliberative dialogue? Useful guidance may be provided by Habermas
(2008) on speech, Bohm (2004) on dialogue, and Scharmer (2007) on levels of listening.
In future research, I recommend comparing the presented assessment approach
(Chapter 5) with strategies used in other sectors. For example, impact assessment
frameworks are commonly used in the development aid sector (Leeuw & Vaessen,
2009). While substantive outcomes, such as schools, wells, and hospitals, are
relatively easy to assess, impacts of development projects aimed at social change are
more difficult to assess. Impact assessment approaches from the aid programmes
seeking to activate social change may provide ways forward in assessment of social
learning in the water domain.
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PRESENTING AN ADAPTIVE APPROACH TO IRRIGATION INFRASTRUCTURE, LINKING INSIGHTS
FROM THE LITERATURE ON HUMAN-WATER INTERACTIONS AND ADAPTIVE PATHWAYS
This thesis proposes a conceptual approach (Figure 6.1) that links insights from the
literature on human-water interactions and adaptive pathways. Changes in the water
system affect farmers, as farmers and water are interlinked (Boelens et al., 2016; Lane,
2014). Irrigation systems are shaped by the coupled dynamics of human-water
interactions (Falkenmark, 1977; McMillan et al., 2016). Facilitated dialogue between
key stakeholders in water management can create opportunities to appreciate
diversity, to learn from each other, and to enable identification of pathways to
potential futures. An ongoing, iterative learning approach improves the ability to adapt
to unforeseeable changes in climate, technologies, and societal preferences. Being
adaptive to future changes ensures that future farmers will be able to participate and
influence the water system as well.
The Dynamic Adaptive Policy Pathways (DAPP) approach was developed to help
planning and design of flood protection under uncertain conditions (Haasnoot et al.,
2018b). The approach aims to minimize constraints of path-dependence. It allows
users to include new information in ongoing processes, and greater distribution of
costs and benefits across generations (Haasnoot et al., 2013). However, the DAPP
approach has some limitations, including its assumptions (1) that participants
adequately understand system complexities (including externalities); (2) that tipping
points can be clearly identified; (3) that knowledge is uncontested; and (4) that a

(2018); Bosomworth et al. (2017); Pot et al. (2018).
The literature on coupled human-water interactions highlights the close connection
between hydrological and social change, but incorporating this understanding in the
design and management of irrigation systems is not straightforward (Di Baldassarre et
al., 2016; Lane, 2014; Melsen et al., 2018). Therefore, applications of the concept of
human-water interactions have been limited by the inability to support forwardlooking decision-making (Wesselink et al., 2017). According to Srinivasan et al. (2017),
a hydro-social lens can help when looking back, but its predictive power is greatly
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clearly defined, long-term objective can be agreed upon (see, e.g., Bloemen et al.
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inhibited by actors’ inability to address built-in assumptions and predict human
values, human behaviour, and social interactions. Rather than attempting to predict
hydro-social change into the future, an adaptive approach to irrigation infrastructure
was proposed here. The implication is that design and management of human-water
systems should be approached as an ongoing, iterative social learning process with
stakeholders.

RESEARCH RECOMMENDATIONS
The conceptual approach presented in Chapter 6 is intentionally formulated in general
terms to allow its application to be modified to various settings and situations. I
recommend applying the adaptive approach to irrigation infrastructure in a case study
setting in which political and institutional contexts influence design and management
(Boelens et al., 2016; Pot et al., 2018; Ricart et al., 2019).
I also recommend exploring adaptive approaches outside the field of irrigation, as
other sectors seem to offer valuable lessons. For example, in the literature on flexible
design of urban water systems, Spiller et al. (2015) and others have suggested that adaptive,
phased design approaches may be most suitable for systems that experience change by slow
variables such as climate change, societal preferences, and technological developments.
Additionally, approaches adopted in highly dynamic domains, such as circular agriculture,
telecommunications, IT, and media could be explored to improve adaptive irrigation system design
and management.

7.4. LIMITATIONS AND POLICY IMPLICATIONS
LIMITATIONS
The topic of this thesis is broad. Many other research questions could have been
addressed and other approaches taken. This section discusses three main limitations
of the chosen research emphasis and approaches.
First, one obvious limitation, related to the case study approach, is the difficulty of
meaningfully extrapolating context-specific findings to other settings (Kampen &
Tamas, 2014). However, case studies such as those presented in this thesis, can
inform the literature by illuminating the processes that underlie outcomes (Kenter et
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al., 2016b) and by providing rich and detailed information on perceptions. For example,
the crossover points found in my case studies cannot be taken as stand-alone facts or
an objective willingness to pay. They are context-dependent, clearly subject to change,
and by no means representative. Displaying crossover points merely demonstrates the
differences in perspectives within a group. The primary intent of eliciting crossover
points is to start discussion. Given the confinement of the present research to small
groups in a single case study area, it is too early to definitively evaluate the utility of
participatory crossover analysis, either as representing conditions in which
alternatives are equally acceptable to decision makers, or as scenarios for starting a
discussion on investment decisions, or as a tool to foster social learning.
The second limitation relates to the difficulty of assessing the outcomes of processes
aimed at social learning (Cundill & Rodela, 2012; Reed et al., 2010). Forester (1999)
concluded that outcomes are personal, largely unpredictable, and unanticipated. If the
scope of assessment is too narrow, thus missing relevant or emerging outcomes, it
might actually lead to a lower appreciation of social learning processes. Similarly,
predefined indicators, assessed by an evaluator, may underestimate the actual social
learning that occurred. The indirect assessment approach presented in Chapter 5
provides an alternative. It allowed participants themselves to reflect on their personal
learning and on the perceived learning of others. Nonetheless, such participant
reflections are prone to biases, including hindsight bias (see Kahneman (2011). The
approach cannot be used to assess ‘how’ social learning took place, as it is impossible
to distinguish and measure relevant factors with the rigour required for causal claims.

the perceptions of participants seems to be a promising approach, but its benefits and
limitations need to be further explored.
The third limitation relates to the stand-alone nature of this research. It was not part of
a larger project, nor was it directly linked to ongoing planning processes. This
influenced its impact. Integrating research with ongoing planning processes is
instrumental if the aim is to impact water management (Reed et al., 2014) or contribute
to problem-solving (Siebenhüner et al., 2016). I made a concerted effort to establish
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Based on the modest experience gained so far, assessing social learning by capturing

Chapter 7

lasting connections with key stakeholders. For example, I provided the participants
feedback in the form of actionable recommendations, as encouraged by Reed et al.
(2014). In addition, I gave radio interviews, organized informal seminars, had many
coffee breaks and bike rides with workshop participants, produced a podcast, and
gave talks at farmer meetings. However, the impacts of these efforts, both direct and
indirect, remain outside the current research scope.

POLICY IMPLICATIONS
The most important, broadly applicable implication for policymakers is that farmers
have valid personal reasons to act in a certain way. Farmers are increasingly called
upon to co-invest with government agencies to improve the water system. Therefore,
they need information to help them decide whether investment in an intervention is
‘worth it’. Then, important questions are ‘what information is relevant to farmers’ and
‘from whom should they get it’. Providing relevant information is challenging, as there
is no single best way to inform all farmers. Too often, the focus is on transferring
quantitative information (what can be counted) from scientists and policymakers to
farmers (see also Vanclay (2004). Yet, information also needs to focus on ‘what counts’.
The findings in this thesis have particularly strong implications for information
provision to potential irrigators in Tasmania. The investment decisions being
considered will significantly impact local livelihoods and identities. Information to
encourage investment should therefore go beyond short-term marginal benefits. My
findings (Chapter 4) indicate that potential irrigators could benefit from the
experiences gained by irrigators in the adjacent valley over time. Looking back, these
now experienced irrigators wished they had such information when they were
considering investing, in other words, insight on what ended up counting for them.
Things that counted for these irrigators included personal risk perceptions, perceived
stress levels, additional costs, and flexibility to wait for better market prices.
A policy implication, applicable beyond the present case studies, is that policymakers,
water managers, and farmers should recognize that reasoning and knowledge, as well
as demand and willingness to pay, will change over time. Therefore, it is important to
allow room for learning from and with each other, and to design and manage regional
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water systems with flexibility to cope with future unknowns. We face changes in
climate, the environment, technologies, and societal preferences. These changes have
been acknowledged in both the Netherlands (e.g., Van Alphen (2016); ZON & DHZ
(2015) and Tasmania (e.g., Leith et al. (2019) but are seldom adequately addressed
(Lane, 2014). Based on the findings of this research, I recommend incorporating the
coupled nature of human-water systems in adaptive approaches for designing and
managing regional water systems. Adaptive approaches to managing regional water
systems allow farmers, together with others, to influence the water system now and in
the future and contribute to long-term system-level objectives.
This has many, context-specific policy implications. One of these is the need to set
long-term objectives in a broadly shared way. Path dependencies and potential lockins stand in the way of long-term goals, but can be overcome by strategic regulation of
regional water markets and also by recurrent workshops aimed at social learning
among stakeholders.
These findings overall suggest that water management strategies should place more
emphasis on processes to foster social learning. This research found ways to overcome
differences in backgrounds, expertise, and scopes of involvement in a deliberative
setting that produced a rich set of perspectives benefiting all stakeholders.
Participatory workshops, such as those described in this thesis, can enrich the
knowledge of all stakeholders, not only farmers but also policymakers. In line with
Ridder et al. (2005), I acknowledge that there is no best tool to enhance social learning.
I therefore recommend that participatory crossover analysis be added as one of the
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tools in the social learning toolbox, to foster learning together, to better use, manage,
and govern water together.

7.5. FINAL CONCLUSIONS
Water systems are both natural and social, and always evolving. To help manage and
steer water systems towards a desirable state, farmers are increasingly being called
upon: farmers as water managers. Through on-farm soil and water management and
investment decisions, farmers influence their own water availability; but their local
interventions also have system-level implications. Farmers can, for example,
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contribute to long-term objectives, such as improving the ‘sponge capacity’ of a region
(the Netherlands) and increasing agricultural value through irrigation (Tasmania).
This thesis concludes that the system-level implications of local interventions are not
yet adequately considered in storage assessment tools. I recommend that regional
storage assessment tools and processes shift their focus from local storage potential
to feasibility. Feasibility is influenced by the spatial and temporal scales of analysis
and is context specific. To play their role in regional water management, farmers are
often required to make substantial investments, for example, in installing new, onfarm infrastructure. Farmers’ willingness to invest in local interventions hinges on the
perceived and projected benefits of additional water and on farmers’ personal
preferences, which are influenced by difficult-to-quantify factors, such as risk
aversion and personal values.
This research explored whether and when an investment was viewed as ‘worth it’. For
farmers, ‘worth it’ turned out to be personal and subject to change. In three case
studies, workshop participants engaged in dialogues focused on elicited individual
value determinations and the origins of differences within the group. The cases
revealed the non-uniformity of farmers’ preferences for various water sources, and the
variety of the personal logics underlying farmers’ decisions to invest (or not to invest)
in extra water for irrigation. Most participants found sharing and discussing personal
reasonings and comparing these with others’ to be meaningful. The workshops built
farmers’ confidence and increased their capacity to make better informed individual
decisions, while providing water managers and policymakers with insights to improve
management and governance. I conclude that participatory water valuation workshops
are not only useful for their valuation outcomes, but that they also have the ability to
foster social learning among participants.
Building on insights from the participatory workshops, this thesis presents a
conceptual approach for adaptive design and management of regional water systems,
such as irrigation schemes. I conclude that ongoing social learning among
stakeholders is imperative for managing and governing water systems. Adaptive
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approaches to water management allow farmers, together with others, to influence the
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regional water system now and in the unfolding future.
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APPENDIX I
Table AI.1.Conclusions and recommendations for further research of articles referring to van
der Zaag and Gupta (2008) but not directly relate to their call for research on the regional
effects of local water storage.
Article

Conclusions and recommendations

(Ghimire &

Ghimire and Johnston (2019) present an assessment to score the sustainability

Johnston,

of agricultural systems. The sustainability score includes rainwater harvesting

2019)

techniques and well-water systems. No mentioning of challenges in assessing
the cumulative effects of these systems are mentioned

(Rufin et al.,

Rufin et al. (2018) compare cropping frequencies of irrigation dams command

2018)

areas. As this is a global assessment, their understanding of a small dam is
everything less than 7.9 Mm3. They recommend future research to focus on
water losses and local access to irrigation water.

(Ouma, 2016)

Ouma (2016) compares two techniques to find the most suitable location for a
large dam in Uasin Gishu County in Kenya. His contribution is estimating site
feasibility, including storage potential but does not consider system
interactions.

(Duvail et al.,

Duvail et al. (2014) make use of a participatory monitoring systems to collect

2014)

water levels in nine lakes, rainfall and food data. In addition, they use a simple
water balance model to explore the influence of a planned large dam at
Stiegler’s Gorge in Tanzania and find that the lake levels are sensitive to
changes in flow and precipitation. The authors argue that their approach may
help local users to better understand the hydrological system and to adjust to
changes but highlight that judicial imperfections and power imbalances
hamper the influence of local users in their case study.
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(Norman et

Norman et al. (2013) develop the Water Security Status Indicators (WSSI)

al., 2013)

method for assessing water security and apply the model in a case study area
in British Columbia (Canada). Their assessment does not include water
storage.

(Pandey et

Pandey et al. (2013) show that an on farm storage increases the benefits of rain

al., 2013)

fed agriculture in a case study area located in the Indo-Gangetic Plain of India.
Harvesting rainwater provides supplemental

irrigation,

and

increases

downstream ground water availability in their case study. The authors focus on
crop yields and find large differences in the benefits of local storages between
wet and dry seasons. The authors assess a single storage and do not discuss
further implications of a set of storages.
(Masih et al., Masih et al. (2011) calculate the downstream effects of increasing water
2011)

consumption in the Karkheh Basin, Iran. They find that converting rain fed-fed
areas to irrigated agriculture reduces flows downstream. The authors focus on
the downstream impacts of irrigation and recommend to exploring the impact
of storages in future research. Their paper is a chapter in Masih’s PhD thesis
(Masih, 2011).

(Love et al.,

Love et al. (2011) employ a water balance model to determine the potential for

2011)

expanding irrigation and to explore water allocation options in the Limpopo
Basin, Zimbabwe. Their model includes both surface- and groundwater
resources to explore conjunctive use of surface reservoirs and alluvial aquifers.
They find that irrigation can be expanded with the existing dams when making
better use of ground water. The authors recommend future studies to
investigate water supply from alluvial aquifers when considering the building a
new dam.

(Merrey,

Merrey (2009) argues transnational river basin management institutions will

2009)

acquire more of legitimacy and effectiveness if they build on African
institutional processes i.e. stronger focus on local knowledge and stakeholder
participation. The focus of this paper is institutional and transnational, with no
links to local storage.
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APPENDIX II
II A. INTERVIEW SETUP
Part 1: Accompanied surveys to obtain the range of values for the initial and operating
costs of the various water sources and how they are used by farmers.
General on property
-What crops and pastures do you grow?
-On how many hectares or on what area (1 ac = 0.4 ha)?
-How many hectares do you have in total?
-What is the storage capacity of your system? (Farm dam) (ML = 1000 m3 = 100 mm/ha
= 250 mm/ac)
-What role does the farm dam play in your water supply system?
-What types of irrigation do you use for your different enterprises?
-How much water do you use for irrigation per year?
-How does that vary over the years (min/max)?
-How valuable is water for your different enterprises?
-How much value do you generate per ML?
Water sources
-What sources of water are available to you?
-What sources of water do you use? We need to understand why, thus the following
questions:
-What are important factors to you when considering different water sources (quality,
quantity, security)?
-What are the costs of each source? Let’s break these costs down to various
components.
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-What are the initial costs: water rights, construction costs for infrastructure
(including drip lines, pumps and/or irrigators of various sorts)?
-What are the operating costs over the lifespan of the system (How often do you
replace parts of the infrastructure? How long will the infrastructure last? What
maintenance is required? What is the rate of return on investments? What other costs
are involved in getting your water “to the right place at the right time”?
-How did these costs change in the past? How do you think they will change in the
future?
Comparing sources
-How reliable are your different sources, and how does this affect your usage of them?
-What are the benefits of each source?
-How did these benefits change in the past? How do you think they will change in the
future?
-What are the risks of each source?
-How did these risks change in the past? How do you think they will change in the
future?

Part 2: Semi-structured interviews to understand context and design for a hypothetical
farm
-What is your preferred water source? Why?
-How can you increase water availability on your farm?
-What are relevant water sources that could become available in the near future?
-What farm characteristics define water demand?
Interviewer explained crossover approach and asked for input:

During the cross-over session, you will discuss the ranking of different water sources,
based on the relevant cost and benefit components. We will focus on the questions:
“Under what condition would your initial ranking change? How robust are your current
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preferences? Why do you prefer certain water sources, and how could this be taken
into account when designing a new scheme or expanding current sources?
For the proposed workshop, we still have scope to change things to make sure it is
relevant to you. We are thinking about using a hypothetical farm as a basis for
discussion and analysis. We will start from scratch and assume that all or most
sources are available. What would be the types of costs of the different sources, and
what would be the amount of water needed to irrigate certain crops? Or, if you were the
owner of this farm, what sources of water would you invest in and why? What would the
hypothetical farm look like and what sources and strategies for water supply would be
relevant?
Another option would be to discuss water sources by focusing on production. We could
say, we generally have three categories of production, those being perennial
horticulture (cherries, grapes, etc.), mixed crops (seed crops, poppies, cereals, etc.),
and livestock (sheep, lamb, cattle). Let’s say we deal with them separately, as they are
very different enterprises. So, if you grew cherries or grapes on, let’s say, 10 hectares,
how much water do you need and what water source would you like best?” (Same for
mixed crops and livestock)
-How do you think that water availability could change in the Coal River Valley in the
future? Why do you think that? How will you respond to those changes?
-Where do you see your farm in 20 years’ time? How do you think the Coal River valley
will develop?
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II B. GROUP EVALUATION QUESTIONS AND OUTCOMES
Table AII B.1. Results from the evaluation immediately after the irrigator workshop at the

University Farm.
Environment
Strongly
disagree
I felt comfortable talking honesty
about my preferences.

Neither
Disagree

agree nor Agree
disagree

Strongly
agree

0

1

0

6

4

0

0

1

10

0

0

0

1

8

2

0

0

0

10

1

I believe others in the group were
consistently honest throughout
the workshop.
I felt comfortable talking about
my reasoning for preferences.
The workshop facilitation was
appropriate for the content and
group.
Workshop
Strongly
disagree

Neither
Disagree

agree nor

Agree

disagree

Strongly
agree

If I talk about the workshop to
other people it will mostly be

0

0

4

7

0

0

0

3

7

1

positive.
The outputs of this workshop
should be interesting to other
audiences.
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Variable

The pace of the workshop was:

2

Very slow

0

A bit slow

1

About
right
8

A bit
rushed /
Too fast
0

Crossover points (Willingness to pay)
I hadn't

group had preferences that were:

Very

really

About the

different

different

ever

same as I

from

from

thought

expected

what I

what I

expected

expected

4

0

about it
On average, other people in the

Slightly

3

Strongly
disagree

4

Neither
Disagree

agree nor

Agree

disagree

Strongly
agree

The crossover approach has
added something to the way I will
think about water investment

0

1

3

7

0

0

0

2

8

1

0

0

3

6

2

decisions.
The crossover process helped to
inform my thinking about water
investment decisions.
The crossover framework is a
valuable way to guide group
discussion.
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II C. GUIDE FOR FOLLOW-UP EVALUATION PHONE CALLS, 3–5 WEEKS AFTER THE WORKSHOP
(This first question uses an inductive open-ended approach to elicit stand-out
memories and take people back to the event and the discussion going on there.)
1)Ok, so the first question is about any general reflections on the workshop and
the discussions you had last week. Were there any parts of the discussion that
stood out or that you remember as particularly useful or interesting? Are there
things that surprised you about the perspectives of other people in the group?
(Follow-up: Why was that interesting/useful?)
(Question 2 elicits thinking about the use of the process and outputs for learning.)
2)This question is about potential value of the crossover process in meeting its
goal of enabling groups to learn and potentially improve decision-making. (The
process is understood to extend from the interviews to the workshop and writing
up the findings.) So, for the following groups, what do you see as the potential
value for learning and decision-making:
Potential value (learning and decision-making)
For the group of Coal River
irrigators (workshop
participants)
Other farmers in Coal River
Valley
Farmers from other valleys
who are considering
irrigation investments or
recently got access to
irrigation water
Policymakers and utilities
(e.g., Taswater, Tas
Irrigation)
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(Question 3 seeks input for future improvements)
3)Are there any ways that you think the crossover process could be adapted or
improved to make it more useful or achieve its full potential?
Other people that you think would have been valuable in the discussion:
Reason
Other farmers from valley
Other farmers from elsewhere
Politicians
TI
TAS Water
DPIPWE
Others



Who should facilitate these discussions? Was it good to have an

independent researcher, or could the facilitator be from TI, DPIPWE, or
MAQFRANK?


Discussion Support System and modelling?



Different presentation formats and tools?

(This fourth question is geared towards impact and robustness, or changes in ways of
thinking and deciding.)
4)

Did the discussion give you a better understanding of or confidence in

your water source preferences? If so, can you say what the influence was?


Did you get a better understanding of where differences between

neighbours in crossover points come from?


Did you continue the discussion with others?



Did that produce new answers or insights?



Would you have filled in other values if you could do it again? If so, for

which question and why?
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II D. CROSSOVER INDICATIONS

Figure AII D.1. Crossover points of the participants with the crossover point before the
discussion above the line and the crossover points after the discussion displayed below the
line. The primary intent of asking for crossover points is to start as discussion; crossover
points cannot be understood as stand-alone results or willingness to pay. These crossover
points are clearly subject to change, case-study dependent, and by no means representative.
The Figure just shows the different perspectives within the group. Changes occurring during
the discussion might be due to learning but also simply better understanding the question at
hand.
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Figure AII D.2. Participants’ indications of the most important characteristic of re-use use
water before and after discussion.
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APPENDIX III
III A. Interview Format
N am e

D at e

The interview is set up to explore diversity and to get:
-Better understanding of farming context in the district
-Initial values for irrigation costs
-Initial values for value generated with irrigation water
-Crossover analysis introduced to the participants of the session

Part 1: Accompanied survey
Introduction
These are questions on your property and water entitlement. With your answers, we are
not looking for significance but they will shape the discussion in December.
General on property
-How many hectares/acres do you have in total? (1 ac = 0.4 ha)
-How many hectares/acres do you irrigate?
-What crops and pastures do you grow under irrigation?
-On how many hectares or on what area?
Irrigation water
-How many years of irrigation experience do you have?
-What is your current water allocation?
-How much water do you use for irrigation per year?
-How does that vary over the years (min/max)?
-How much value do you currently generate per ML?
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-How much value do you want to create in the future?
-What is the zone that you are in?
-How tradeable is your entitlement? (Location dependent) Have you ever traded water?
-What are your yearly costs for water rights?
-What investments did you have to do to start irrigating (capital cost farm dam,
infrastructure)?
-How much does it cost you to put a ML on the ground (ongoing cost)?

Part 2: Semi-structured interviews to understand context
Introduction
After gathering information about your farm, I would now like to discuss irrigation
water in a broader context.
-What was your reasoning for investing (or not) in SE3 water (return on investment)?
-Where did you get information that helped you with this investment decision? What
information did you use?
-Do you wish you had bought more/less? Why?
-Do you often discuss water with other farmers? If yes, what aspects?
-What do you think is the long-term reliability of the scheme?
-Where do you see your farm in 20 years’ time?
-How do you think the district will develop?
Introduce crossover and discuss what I want to do in the sessions: At the session I

organized in the Coal River Valley, it turned out that participants had very different
perspectives on irrigation water and in what conditions it is worth it to invest in water
rights. In this district you just had the situation where you actually had to make this
investment decision. In the discussion session in December, we will talk about
personal reasoning why you did or did not invest in water. Maybe opinions have
changed now? We will discuss in what conditions you believe investing in SE3 water is
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worth it, both based on the costs to buy and operate it and the value you have to
generate to make the investment worthwhile.
Concluding questions
Are you willing to participate in the discussion session? Y/N
We are considering the following dates: 4, 5, or 12 December. Do you have a
preference?
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III B. Workshop Planning
18:45 for 19:00 start
Facilitator welcomes everyone when entering by shaking hands (acknowledge). Tea,
coffee, and Dutch cookies are provided near the entrance so participants can get
comfortable and have something to do. Next to the coffee and tea, there will be
stickers to make name tags.
19:05
Facilitator starts by thanking everybody for coming and explains the rules/conditions
without being directive or demanding: The interesting part of tonight is talking about

reasons behind outcomes and personal preferences. My findings so far suggest that
everyone here has personal reasons for what they do. These reasons define personal
preferences and investment decisions. Tonight, there is no “best”. There is no stupid,
or smart. There is no better or worse. Diversity in this group is its biggest asset.
Diversity is the key to new insights. I hope that you are curious and open to others. I
hope that you are willing to listen and learn so that you leave with new insights, and I
hope you are willing to explain and share so that others can learn from you. I will first
display some ranges of the answers that I got in the interviews. These interview
findings show differences between you, but do not explain where these differences
come from. That is what you will discuss in the rest of the session. Is that clear? Are
there any questions?
Clicker question (CQ)
CQ How many of the other participants have you discussed water with?
Would you please introduce yourself: name, type of enterprise, location of farm?
CQ How confident do you feel discussing costs and benefits of irrigation water in this
group?
Is there anything we can do here and now to improve the situation before we start
discussing?
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Display (range of): value generated/ML, years of experience, setup to start with, ML/ha,
crops grown, cost to put water on crops (pumping)
Explain the crossover concept and introduce the steps:
First guess, confidence levels, second guess, confidence levels -> discuss changes.
Water-related crossover questions: From the interviews, I learned that farm location is

important. The proximity to residential areas made some of you prefer keeping the
option of subdivision open. That is a very important insight and I will report on that, but
we will have to take that out of the consideration today. Therefore, today we explore
the costs and benefits of irrigation water for a farming future. We first go back in time a
bit. Based on what you know now, if the scheme was going to be rebuilt and there was
not the option of subdividing your land in the future, what would you have done?
CQ 1) Wat is the maximum price for a water right that you woul d be willing to pay per
ML?
Follow up
- Is that different now than two years ago?
- Is there anyone here who wished they had bought more, or less? Why? Who bought
extra since? Why?
Reliability came up in the interview as a very important characteristic. Let’s explore
that, and again, I am interested in the reasons why:
CQ 2) How much would you have been willing to pay if reliability would have been 80%
instead of 95%? Why?
Follow up
- Would you have bought more? Why?
- How important is reliability? Why?
- How can management affect reliability?
- What if you could order in bulk? Why?
20:00–20:15 Break: coffee, tea and Grolsch
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CQ 3) How much are you willing to pay for winter water rights? Why?
Follow up:
- Manageability
- What are the most important differences between winter water and summer water?
- Will non-irrigators buy winter water?
- Is there enough water to facilitate the valley’s long-term potential?
CQ 4) How much value/ML do you have to generate to make SE3 water worthwhile?
Why?
Follow up:
- Is that possible with livestock? Annual crops? Why? How?
- What are other factors that should be considered? Why?
(Succession, Long-term investment, Value of water security, Risk, Uncertainty, More
value generation but not more profit, Change in life, Working at night and in the
weekends)
20:45 Evaluation
21:15–21:30 Wrap up
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III C. Workshop Evaluation: Follow-Up Evaluation Questions
1.Do you remember the purpose of the workshop? Were there any parts of the
discussion that stood out or that you remember as particularly useful or
interesting?
2.Are there any ways that you think of that the crossover process could be adapted
or improved to make it more useful or to achieve its full potential?
3.Would you recommend the workshop to others? If so, why?
4.Did the discussion give you a better understanding of, or confidence in, your
preferences? If so, can you say what this influence is?
5.Any other things you would like to add?
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APPENDIX IV
IV A. WORKSHOP PLANNING
Place: Sorell Training Centre
Date: May 2018
18:45 for 19:00 start.
Facilitator welcomes everyone when entering by shaking hands (acknowledge). Tea,
coffee and Dutch cookies are provided near the entrance. Next to the coffee and tea,
are stickers so participants can write their first names to make name tags. After coffee
and tea, in which the participants have the chance to familiarize, they are seated in a
half circle with a screen and projector at the open end.
19:05
Facilitator starts by thanking everybody for coming and explains the rules/conditions
and the aim without being directive/demanding:

“The aim of tonight is to support a dialogue among farmers, water managers, and
policy makers about the costs and benefits of irrigation water, in order to learn from
each other’s insights, and reasoning. This means that there no best, or optimum or
right or wrong. The previous discussions showed that everyone had personal reasoning
that was different from their neighbours. If you bring people with different
backgrounds together, it is likely that their reasoning is quite different which might be
interesting for the discussion. So, tonight we will find out if it actually works to talk
about water and the price of irrigation water among people with a different
background. We will make use of crossover points. Crossover points or tipping points
are the point where two alternatives have the same preference. It is a maximum or
minimum you are willing to pay. The points provide limited insight. They are used as
strawmen to encourage personal reasoning. The dialogue of tonight is informal, nonbinding and we are not seeking consensus. We do not have to agree with each other. It
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is about sharing. You take with you what you want and leave this room again. We do not
have to find solutions, or become best friends. I hope to provide an opportunity in
which we can talk freely about personal perspectives. Is that clear? Are there any
questions?”

Clicker question (CQ)
CQ Ice breaker question
French fries are best with? Mayonnaise / Ketchup / Curry Gewurz / Satay Sauce /
Mayonnaise, Ketchup and Onions / Gravy / Gravy and cheese curds / No sauce / I just
nibble on raw veggies, seeds, and nuts
CQ Dialogue conditions
I feel comfortable to talk about the cost and benefits of irrigation water in this group?
Strongly agree / Agree / Neither agree nor disagree / Disagree / Strongly disagree
Is there anything we can do here and now to improve the situation before we start
discussing?
Explain the crossover concept and introduce the steps.
Display Table with characteristics of water sources and discuss.
Table IV A.1 Characteristics of water sources

Costs

Capital

costs/ML

Craigbourne Dam

SE3

Reuse

$1000-$2500

$2500-$2700

0

$105 plus pumping

$140 fixed +

$10-$70 (plus pumping)

(up to $150)

$178-$220 variable

Variable but often too

Almost drinking

Comes with restrictions

poor/salty for sensitive

water quality

on use

95%

80-99%

(water rights)
Annual costs/ML

Quality

crops
Reliability
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Crossover Question (CQ) 1 What is the maximum price for a water right that you/a
farmer can pay for water that is provided with 95% surety and of high quality? Why?
Follow up:
-How do yearly costs influence the willingness to pay for water rights?
-What do you know now that you wished you knew when setting up (scheme, policy, on
farm)?
-What caused this change in thinking?
-How did perspectives change?
CQ 2 What is the maximum price for a water right that farmers could be paying for
water that is provided with 95% surety and of high quality in 10 years from now? Why?
Follow up:
-What does this mean for water governance? And water managers?
-How can the current design strategy be improved?
-What sort of information would be helpful for farmers that get the opportunity to buy
water in the future?
-What is the long term water demand in the valley?
20:00-20:15 Break: coffee, tea and Grolsch
CQ 3 What is the maximum price for a water right that you/a farmer can pay for water
that is provided with 80% surety and of high quality? Why?
Follow up:
-What does 80% mean?
-What is surety? What is reliability?
-How does surety affect planning?
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CQ 4 What is the maximum price for a water right that you/a farmer can pay for water
that is provided with 95% surety and of high quality, provided in the winter? Why?
Follow up:
-Manageability
-What are the most important differences between winter water and summer water?
-Will current non irrigators buy winter water?
-Is there enough water to facilitate the valley’s long term potential?
CQ 5 How much value/ML do/does you/a farmer need to generate to make water of $
2700/ML worthwhile? Why?
Follow up:
-Is that possible with live stock? Annual crops? Why? How?
-What can be learned from the coal river/SE3 experience?
-Is the coal river/SE3 relevant for other valleys in the State?
21:00 Evaluation
21:30-21:45 Wrap up
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IV B. GROUP EVALUATION QUESTIONS AND OUTCOMES
Table AIV B.1. Exit survey and workshop reflections
Drivers
Strongly
disagree
I felt comfortable to participate
in the dialogue.

Neither
Disagree

agree nor

Agree

disagree

Strongly
agree

0

0

1

1

6

0

0

0

2

6

0

0

0

2

6

0

0

5

3

0

0

0

0

5

3

0

0

0

5

3

A bit

about

rushed

right

0

8

I believe others in the group
were consistently honest
throughout the workshop.
I felt able to talk honestly
throughout the session talking
about my reasoning for
preferences.
The focus on crossover point is
a valuable way to guide group
discussion.
I would recommend this
workshop to others.
The workshop facilitation was
appropriate for the content and
group

Too fast

The pace of the workshop was

0

Very
A bit slow

slow/
Variable

0

0
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Outcomes
I hadn't
really ever
thought
about it

About the
same as I
expected

Slightly

Very

different

different

from what I

from what I

expected

expected

Other people in the group
had crossover points that

0

0

5

3

0

5

3

0

were:
Other people in the group
had reasoning that was:

Strongly
disagree
The workshop helped to
inform how I value water.

Neither
Disagree

agree nor

Agree

disagree

Strongly
agree

0

0

1

4

3

0

0

1

3

3

0

0

0

5

3

0

0

0

3

5

The outputs of this
workshop should be
interesting to other
audiences.
The crossover process
helped to inform my
thinking about the costs
and benefits of water.
If I talk about the
workshop to other people
it will mostly be positive
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IV C. PERSONAL FOLLOW-UP EVALUATION QUESTIONS THREE TO FIVE WEEKS AFTER WORKSHOP
(The following questions seek to eliciting stand-out memories and get people back to
the event and the discussion that was going on there through an inductive open ended
approach)
1)What are the parts of the discussion that stood out or that you remember as
particularly useful or interesting?
2)What did you learn during the workshop?
3)How do you look back on the workshop? [Follow-up: Why was it
valuable/useful/interesting?]
(These questions elicits thinking about the use of process and outputs for learning)
4)What or how did the cross-over points add to the group discussion?
5)Why are crossover points a valuable way to guide group discussion, or why not?
(These questions get towards impact and robustness: change in ways of think and
decide)
6)Would you recommend the workshop to others? If so, why?
7)Did you continue the discussion or the thinking process?
8)-Did this lead to different answers/insight?
9)-Would you have filled in other values if you could do it again? If so, for which
question and why?
10)

Are there any ways that you think the cross-over process could be

adapted/ improved to make it more useful or to achieve its full potential?

-Tips/Tops
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IV D. INTERVIEW QUESTIONS SIX MONTHS AFTER WORKSHOP
Introduction question
1)If you go back to the workshop in May, what stood out or that you remember as
particularly useful or interesting?
Drivers
2)Would you be willing to participate in similar workshop in the future? Why? Why
not?
3)Did you appreciate “the way” we talked? Why? Why not? What made it that you
appreciated it?
Relational outcomes
4)Did the workshop extend your network? If so, who did you not know before?
5)Did the workshop make it easier to collaborate with other participants in the
future? If so, why?
Shared understanding and substantive outcomes
6)Did the workshop result in any tangible outcomes such as initiation of projects /
actions / follow-ups?
7)Would similar workshops be beneficial for the water sector? Farmers, managers,
policymakers? Why, Why not?
8)Are there any other outcomes that you connect to this workshop? If so, how and
why?
9)What made it that you valued the workshop (or not) and how did the method
contribute to that value?
10)

Did we miss anything in the evaluation? Or anything you want to say about

the process?
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IV E. WATER RELATED DISCUSSIONS/INSIGHTS FROM THE WORKSHOP
1 What is the maximum price for a water right that you/a farmer can pay for water that
is provided with 95% surety and of high quality? Why?
 If having to change enterprise, the cost of water rights may be only half of the
total transition costs.
 If just 10 ML of high security water is added to an existing water allocation, it can
provide an insurance policy. It then has value and influence on operational choices
that go beyond that 10 ML and might therefore be valued differently (higher).
 The value of water is market driven and changes over time: “Today, we are
basing our decision on what we know now but we already have seen a major shift
even since SE3”.
 In some situations, “the value of the water outweighs the dollar value that is put
on it”.
 Yearly operational costs are of major importance when making an investment
decision as it needs to be covered in the yearly budget by the crop that is grown
with irrigation water. The combination of water rights and yearly cost determines
the (need for) change in enterprise.
 There are many social factors that determine the value of water. Over time, the
value of water changes as people change their expectations and perspectives
about what they can do with water. However, investment decisions are based on
what people know at the time of investment.
 Shifting from dry land to irrigation changes comes with lifestyle changes as the
energy tariffs (i.e. low cost power) force farmers to work on the weekends. This has
strong implications for family life.
 Long term value of water rights is a different line of thought than growing
something (making a profit) with that water. Value determination is a personal
combination of both long and short term reasoning.
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 Investing in water is believed to be a good long term investment as the market
price for water rights is assumed to go up.
2) What is the maximum price for a water right that farmers could be paying for water
that is provided with 95% surety and of high quality in 10 years from now?
 The value of water is changing rapidly, demanding major adjustments in how it is
governed and managed. If there are no significant changes in the availability of
water, the cost price of water rights will substantially increase, see Figure 5C1.
This notion comes with governance challenges related to accountability, market
regulation, and (long term) planning. Increasing water prices will challenge the long
term Ag 2050 vision.
 Current water availability will put a ceiling or “cap” on the agricultural output of
the valley.
 Water demand in Tasmania might be influenced by enterprises from the Murray
Darling Basin that (need to) move to Tasmania. Various reasons and potential
consequences were mentioned.
 Water prices and the willingness to pay for water have changed rapidly in the
last 10 years. In the last 10 years, the market went from handing out allocations for
free, to now selling water for $5000/ML as the highest outlier. The droughts of 2000
and 2008 are mentioned as years in which perceptions changed.
 Metering water uptake at farm level is imperative to improve water management
at water-system level.
 Despite the increase in overall water use in the area, there are fewer enterprises
irrigating.
 In the long term, a higher willingness to pay for water might provide enough
demand to cover the cost of building another irrigation scheme.
 The government has an important role to facilitate water markets. A long term
view of the preferred state of water as a precious resource is crucial.
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 Some potential buyers cannot come up with the capital to invest in water rights.
A deferred payment, in which a percentage of the upfront cost for water rights
could be paid five years after the start of the operation, would allow growers the
time to change enterprise. A deferred payment system was discussed as a
promising option to increase the initial uptake.
 Investing in expensive water limits the transformation capacity to change
current business, i.e. to become more intensive or to chase a market opportunity
that requires capital investments other than water.
 Water demand, and with that the potential to grow more high value crops,
increases over the years due to experience.
 All participants agree that forward looking and exploring the future use of water
before building an irrigation scheme is essential. Participants called this
exploration “future proofing” and “no-regret design decisions”.
 If people were encouraged to think more broadly about the (potential) value of
water, they might buy more water when a new irrigation scheme is built. A learning
process may increase initial water demand.
 A subsidy from the government to decrease the price of water might be
perceived by the community as a transfer of wealth to the current land holders.
 The government investing in extra scheme capacity might become profitable
when this water is sold at a later stage (when prices are higher). It is then an
investment rather than a subsidy.
 Reuse water provides an additional source for enterprises that cannot afford
high value water.
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Figure AIV E.1. Difference between willingness to pay now (blue crossover points) and the
expected price rise (green crossover points)

In the South East Irrigation District, various water sources are available. These sources
vary in water quality, reliability, tradability, and costs. The next three questions focus
on how and why characteristics of water change the willingness to pay for this water.
Indicated crossover points are displayed in Figure 5C2.
3) What is the maximum price that you or a farmer can pay for water that has 80%
surety and is of high quality? (So no longer 95% but 80%).
 It is unclear what the definition is of 80% surety. “Does 80% mean you won’t get
any water, or you still get a certain amount but not your full allocation?” If 80%
means one year out of 5 you do not get water, it is not suitable for perennial crops.
 80% can mean different things. For example, with reuse water, you do not know
when water will be supplied (high uncertainty) but there is high certainty that you
will get you full allocation during the growing season.
 Surety turned out to be the wrong word to use. Surety means you get 100% in
95% of the years and you do not get any in the other 5%. The practical meaning of
95% reliability is that you get at least 95% of the water in 100% of the years. Surety
is not a word used in the contracts of TI.
 Reliability is context specific. The effect of low or high reliability on the
willingness to pay for water is a personal matter in which participants expressed
different opinions.
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 The opportunity to trade water seems vital. In the SE3 scheme, tradability of
water depends on farm location within the scheme. Farmers with perennials will
buy water from farmers with annual crops when water becomes scarce. Whether or
not there is a functioning water market heavily influences the willingness to pay for
water of 80% reliability. Currently the trading market is not fully established.
 With lower reliabilities, having an on-farm buffer in the form of an on-farm dam
becomes crucial. The cost of on farm storage dependents on location. The best
location for a dam might also be the best land to grow crops.
4) What is the maximum price for a water right that you/a farmer can pay for water that
is provided with 95% reliability and of the quality of reuse water?
 It is suggested that water in farm dams in the South East is often of too low
quality, too salty, to be used for sensitive crops.
 Reuse water comes with strict regulations. These regulations constrain how,
when, where, and on what crops farmers can use reuse water. These constraints
heavily influence the willingness to pay. An example is that farmers cannot have
cattle on fields recently irrigated with reuse water.
 With the current water treatment systems, the regulations on reuse water are
perceived as necessary.
 Reuse water contains valuable nutrients, but most of the nutrients are lost
during (on-farm) storage.
 Although reuse water has a lot of potential for the South East, with its proximity
to Hobart, most reuse water is currently not suitable due to salty seawater
intrusion into the scheme. Intrusion problems have to be fixed in order to become a
viable source for irrigation.
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5) What is the maximum price for a water right that you/a farmer can pay for water that
is provided with 95% reliability and of high quality, provided in the winter?
 The difference between water supplied in the winter, versus water supplied in
summer is said to be the cost of storage plus losses due to leakage and
evaporation. The cost of storing water is location dependent.
 The value of winter water is correlated with the value of summer water. Some
participants argued that the market price for winter water should be significantly
less than water supplied in the summer. However, others argued that having a full
dam at the beginning of spring is worth a lot.
 With 95% reliability, and water supplied in the summer, you only need a small
farm dam. Water supplied in the winter (all) needs to be stored. The cost of a large
dam versus a small dam is again location specific.
 Currently, the SE3 summer water is supplied from October to March. Recycled
water is supplied all year, and there are increasing demands for water in the
shoulder seasons (Sept and April/May). The demand for water in the shoulder
season, related to a changing climate, future growing seasons and crop choice will
influence the value of water supplied in winter.


Figure AIV E.2. Crossover points, illustrating the influence of characteristics on willingness to
pay.
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SUMMARY
Farmers are increasingly being called upon to help manage, invest and steer water
systems towards a desirable state: farmers as water managers. Through on-farm soil
and water management and investment decisions, farmers influence their own water

availability but their local interventions also have system-level implications. Farmers
influence water systems and are in turn influenced by the water system in which they
operate. System-level implications of farmers as water managers are poorly
understood. This thesis explores approaches and provides insights for a better
understanding of the ways in which farmers can contribute to achieving system-level
objectives, such as agricultural intensification and freshwater retention capacity.
This thesis starts by examining main challenges in assessing the regional impacts of

local water storage. By systematically reviewing literature on local water storage,
Chapter 2 identifies and discusses technical and socio-economic difficulties
encountered in assessing the regional impacts of local interventions. It concludes that
the focus of assessments must shift from storage ‘potential’ to storage ‘feasibility’.
Feasibility is context specific and influenced by the spatial and temporal scales of
analysis. The chapter then further explores farmers’ prefercens and personal
motivations for investing (or not investing) in additional water for irrigation.
Chapters 3 and 4 present, apply, and evaluate a new framework that uses ‘crossover
points’ to support dialogue on irrigation investments in case studies in Tasmania,
Australia. The framework extends the use of crossover points in a novel way to
facilitate dialogue in a participatory setting, termed ‘participatory crossover analysis’.
Participatory crossover analysis proved to perform well as a tool for valuation of
irrigation water and to foster social learning. Chapters 3 and 4 investigate farmers’
personal and evolving perspectives on a) their water demand; b) the value of a reliable
source of high quality water; and c) their willingness to pay for water. Their personal
preferences and reasonings turned out to be diverse and broader than just short-term
economic gains. Lifestyle choices, long-term intergenerational planning, perceived
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risks, and intrinsic motivations were mentioned as factors influencing investment
decisions. This has strong implications for the type of information that farmers
considered relevant in supporting their decisions on water investments. In short,
information and knowledge exchange was highly valued, particularly learning from and
with peers.
Chapter 5 presents an assessment of social learning during a valuation workshop,

using participatory crossover analysis as a tool to facilitate a deliberative dialogue
between irrigators, scheme managers, and policymakers about the past, present, and
future value of irrigation water. In the case under study, discussions between
workshop participants led to new insights on the value of water, identification of
potential improvements in management and governance, and cultivated a greater
appreciation of the diverse perspectives in the room. These findings suggest that a
single workshop can foster social learning.
Findings from the Tasmanian cases highlight that the rollout of new irrigation
infrastructure triggers social change that is currently not accounted for in the design
and management of irrigation schemes. New irrigation schemes are built to operate in
a future that cannot be predicted. Conclusions from the cases suggest that
management of water systems should be approached as an ongoing process of social
learning with stakeholders. Chapter 6 offers a way forward, suggesting an approach to
irrigation infrastructure that links insights from the literature on human-water
interactions with insights on adaptive pathways. Adaptive approaches to water
management better allow farmers to be water managers, today and in the unfolding
future.
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SAMENVATTING
Er wordt steeds vaker een beroep gedaan op boeren om watersystemen te helpen
beheren, te (co-)investeren en te sturen naar een wenselijke toestand: boeren als
waterbeheerders. Door bodem- en waterbeheer en investeringsbeslissingen op de

boerderij beïnvloeden boeren hun eigen waterbeschikbaarheid, maar hun lokale
interventies

hebben

ook

implicaties op

systeemniveau.

Boeren

beïnvloeden

watersystemen en worden op hun beurt beïnvloed door het (water)systeem waarin ze
opereren. De regionale implicaties van boeren als waterbeheerders zijn nog
onvoldoende begrepen. Dit proefschrift biedt methoden en inzichten voor een beter
begrip van de manieren waarop boeren kunnen bijdragen aan het bereiken van lange
termijn doelstellingen, zoals een hoogproductieve landbouwsector (Tasmanië) of een

klimaat robuust landschap (Nederland).
Dit proefschrift begint met het onderzoeken van de belangrijkste uitdagingen bij het
beoordelen van de regionale effecten van lokale waterberging. Door systematisch
literatuur over lokale waterberging te herzien, identificeert en bespreekt hoofdstuk 2
de technische en sociaaleconomische uitdagingen die men tegenkomt bij het
beoordelen van de regionale effecten van lokale interventies. De uitdagingen worden
geïllustreerd door een casus in Noord-Holland, Nederland. De conclusie luidt dat de

focus van beoordelingen moet verschuiven van opslag "potentieel" naar de rol die
lokale opslag kan spelen om periodes van droogte te overbruggen. Deze rol,
gedefinieerd als bruikbaarheid, is context specifiek en wordt beïnvloed door de
ruimtelijke en temporele schaal van analyse. Vervolgens gaat het hoofdstuk dieper in
op de persoonlijke voorkeuren en redeneringen van boeren om te investeren (of niet te
investeren) in extra water voor irrigatie.
Hoofdstukken 3 en 4 presenteren een nieuwe methode die "crossover-punten"
gebruikt om de dialoog over irrigatie-investeringen te ondersteunen. Deze methode
breidt het gebruik van crossover-punten uit naar een nieuwe manier om dialoog te
ondersteunen, genaamd "participatieve crossover-analyse". Participatieve crossover-
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analyse is toegepast en geëvalueerd in twee casussen in Tasmanië, Australië en bleek
goed te presteren als een instrument voor het bespreken van de waarde van water en
om sociaal leren te bevorderen. Hoofdstukken 3 en 4 onderzoeken de persoonlijke en
veranderende perspectieven van boeren op a) hun watervraag; b) de waarde van een
betrouwbare bron van water van hoge kwaliteit; en c) hun bereidheid om voor water te
betalen. Hun persoonlijke redeneringen bleken divers en breder dan alleen
economische

winst

maximalisatie

op

korte

termijn.

Levensstijlkeuzes,

intergenerationele planning op lange termijn, risico's en intrinsieke motivaties werden
genoemd als factoren die investeringsbeslissingen beïnvloeden. Dit heeft grote
gevolgen voor de informatie die boeren relevant achten ter ondersteuning van hun
investeringsbeslissingen. Kortom, informatie- en kennisuitwisseling werd relevant en
waardevol gevonden, vooral het leren van en met andere boeren.
Hoofdstuk 5 presenteert een evaluatie van sociaal leren door middel van een water

waarderingsworkshop. Tijdens de workshop werd gebruik gemaakt participatieve
crossover-analyse als hulpmiddel om een deliberatieve dialoog tussen boeren,
beheerders en beleidsmakers over de vroegere, huidige en toekomstige waarde van
irrigatiewater te faciliteren. In de onderzochte casus leidden de discussies tussen
deelnemers tot nieuwe inzichten over de waarde van water, identificatie van mogelijke
verbeteringen in beheer en bestuur, en een grotere waardering voor de diversiteit in
perspectieven en voorkeuren. Deze bevindingen suggereren dat één workshop al

sociaal leren bevordert.
De bevindingen uit de Tasmaanse casussen tonen aan dat de uitrol van nieuwe
irrigatie-infrastructuur sociale veranderingen teweegbrengt die momenteel niet
worden meegenomen in het ontwerp en beheer van irrigatieschema's. Nieuwe
irrigatieschema's zijn gebouwd om te opereren in een toekomst die niet kan worden
voorspeld. Conclusies uit de casussen suggereren dat het beheer van watersystemen
moet

worden

benaderd

als

een

continu

proces

van

sociaal

leren

met

belanghebbenden. Hoofdstuk 6 biedt een weg vooruit en suggereert een benadering
van irrigatie-infrastructuur die inzichten uit de literatuur over mens-waterinteracties

224

Samenvatting

koppelt aan inzichten over adaptieve paden. Adaptieve benaderingen van waterbeheer
stellen boeren beter in staat om waterbeheerders te zijn, vandaag en in de toekomst.

Liever luisteren?
Om op een toegankelijke manier meer te weten te komen over dit onderzoek, kun je

luisteren naar de podcastserie “PhD proat met Melle en Manne”. In deze
podcastserie bespreken we informeel elk hoofdstuk in 15 tot 30 minuten. De
podcasts zijn te vinden op Spotify, door de QR-code aan het begin van elk hoofdstuk
te scannen met je telefoon en door op de volgende link te klikken
https://anchor.fm/phd-proat-met-melle-en-manne.
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