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Abstract
The literature on the water-energy-food nexus has repeatedly signalled the need for transdisciplinary
approaches capable of weaving the plurality of knowledge bodies involved in the governance of different
resources. To fill this gap, Quantitative Story-Telling (QST) has been proposed as a science for adaptive
governance approach that aims at fostering pluralistic and reflexive research processes to overcome narrow
framings of water, energy and food policies as independent domains. Yet, there are few practical
applications of QST and most run on a pan-European scale. In this paper, we apply the theory of QST
through a practical case study regarding non-conventional water sources as an innovation for water and
agricultural governance in the Canary Islands. We present the methods mixed to mobilize different types of
knowledge and analyse interconnections between water, energy and food supply. First, we map and
interview relevant knowledge holders to elicit narratives about the current and future roles of alternative
water resources in the arid Canarian context. Second, we run a quantitative diagnosis of nexus
interconnections related to the use of these resources for irrigation. This analysis provides pertinent
feedback to the narratives in terms of constraints and uncertainties that might hamper the expectations
posed on this innovation. Thirdly, the mixed analysis is used as fuel for discussion in participatory narrative
assessment workshops. Our experimental QST process succeeded in co-creating new knowledge regarding
the water-energy-food nexus while addressing some relational and epistemological uncertainties in the
development of alternative water resources. Yet, the extent to which mainstream socio-technical
imaginaries surrounding this innovation were transformed was rather limited. We conclude that the
potential of QST within sustainability place-based research resides on its capacity to: a) bridge different
sources of knowledge, including local knowledge; b) combine both qualitative and quantitative information
regarding the sustainable use of local resources, and c) co-create narratives on desirable and viable sociotechnical pathways. Open questions remain as to how to effectively mobilize radically diverse knowledge
systems in complex analytical exercises where everyone feels safe to participate.
Keywords: Quantitative Story-Telling, co-creation, narratives, water-energy-food nexus, alternative water
resources.
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1.

Introduction

The water-energy-food nexus1 concept has spread as a fresh approach to so-called ‘wicked problems’ in
sustainability sciences, which are characterized by complexity, uncertainty and multiple, often contested,
values (Rittle and Webber, 1973; Hardwood, 2018). It draws attention to the interdependencies between
the management of different resources and raises questions on the limits of single-resource governance
models like Integrated Water Resource Management (Pahl-Wostl, 2019). Furthermore, the nexus is
increasingly seen as a useful platform to implement the UN Sustainable Development Goals linked to food,
water, land and energy (Stephan et al., 2018; Pahl-Wostl, 2019). Yet, there are significant analytical and
operational challenges for the nexus to contribute to such ambitions. As an analytical concept, the nexus
invites interdisciplinary communication between complex system methods capable of quantifying relations
between resources (Zhang et al., 2018) and policy analysis addressing coherence and integration
instruments (Venghaus and Hake, 2018). At an operational level, the nexus calls for transdisciplinary
collaboration with those actors involved in the management of water, food and energy (Mohtar and Daher,
2016). In this regard, gaps have been identified in social-science driven interdisciplinary nexus assessments
(Albretch et al., 2018) and in how diverse knowledge systems can be weaved in nexus research (Hoolohan et
al., 2018).
Quantitative Story-Telling (QST) has been recently proposed as a science for adaptive governance approach
that aims for ‘quality checks’ in the narratives used to promote policies and innovations that are relevant for
the nexus (Saltelli and Giampietro, 2017; Matthews et al., 2017). Quality in QST is appraised according to
criteria of “plausibility” of those narratives when considering constraints and trade-offs across nexus
dimensions (Renner and Giampietro, 2020). The operationalization of these criteria in analytical terms is
open to mixed methods developments tailored to particular problems and contexts, with three common
denominators. First, QST uses narratives as analytical tools to elucidate the plurality of views about analysed
problems together with their implicit assumptions and uncertainties. Second, narrative analysis is combined
with multi-scale quantifications of resource nexus interconnections for the above mentioned quality checks.
Thirdly, QST engages stake and knowledge holders in the research process as the ‘extended peer
community’ that is both affected by and affecting nexus related problems (Healy, 1999).
A well known sustainability problem related to the nexus is the cross-scale feedback between water scarcity,
driven by decades of overdrafting freshwater resources in many Southern regions, and food security granted
by those resources in Northern importing countries (Hogeboom et al., 2020). The growing gap between
water availability and demand has prompted the exploitation of non-conventional water resources, namely
desalination and wastewater reuse (Gude, 2017; Monterrey-Viña et al., 2020). However, the viability of
these alternative water resources (AWR) to address irrigation problems has repeatedly been called into
question (Von Medeazza, 2005). On the one hand, the fact that the energy dependencies of AWR can not be
afforded by all farming systems raises equity questions (McEvoy and Wilder, 2012). On the other hand, the
role these resources should play within the water management systems in which they are promoted is often
ambiguously defined and lacks proper monitoring (Jones et al., 2019).
In this article, we present the first application of QST to a place-based case study on AWR as an innovation
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for water and agricultural governance in the Canary Islands Archipelago (Spain). This isolated and arid
territory pioneered the development of AWR decades ago (Serrano-Tovar et al. 2019). As mentioned above,
the QST hypothesis is that focusing on the quality of narratives requires welcoming divergent perspectives,
unsettling assumptions, making uncertainties explicit and putting constraints and contradictions at the
centre of the research process. In this method paper, we take a reflexive stance (Popa et al., 2015) to
describe how we applied these principles in practice. First, we introduce our understanding of QST as an
approach for the co-creation of knowledge about the WEF nexus and discuss the different applications of
narrative inquiry in it. Then, we describe stepwise how we connected several methods to mobilize a plurality
of nexus-related knowledge systems, including those of the authors, and to create interactions among
them. We conclude with some reflections on the outcomes of the process and what insights they provide to
the practice of QST and, by extension, to WEF nexus and sustainability research.

2.

Quantitative Story-Telling for place based nexus knowledge co-creation

The original idea of Quantitative Story-Telling was proposed in the European project Moving Towards
Adaptive Governance In Complexity as an alternative to mainstream evidence-based policy (Saltelli and
Giampietro, 2017). Drawing philosophically from post-normal science ideas on irreducible uncertainty, plural
values and quality of knowledge (Funtowicz and Ravetz, 1993), the aim of QST is to open up the science for
policy process in at least two ways. First, by incorporating different narratives when framing the problem,
especially those from other nexus policy domains (Kovacic and Di Felice, 2019; Voelker et al., 2019). Second,
by applying multi-scale integrated analysis of resource nexus interconnections to systematically search for
relevant constraints to proposed policy pathways (Serrano-Tovar et al., 2019; Cabello et al. 2019).
When applied to innovations, QST follows Science and Technology Studies’ concerns for how certain
technologies come to be promoted as desirable policy solutions, often as means to avoid solving
inconsistencies with other governance domains (Jasanoff et al., 2001). The nexus concept thus helps to
signal connections between policy incoherencies and innovations, and between those and the specific
contexts where innovations are deployed while adding resource nexus interdependencies (Cabello et al.
2019). Here QST asks what socio-technical imaginaries are privileged throughout the policy-innovation cycle
and what do alternative narratives bring in terms of emerging contradictions, constraints or uncertainties
(Jasanoff and Kim, 2015).
Our QST’s co-creation logic related quality aspects to the mobilization of different knowledge systems (local,
scientific, technical and political) to then appraise existing narratives about AWR and prompt new
imaginaries. Two guiding principles are distilled from this positioning. First, pluralism as the inclusion of
‘multiple ways of knowing and doing’ (Norström et al., 2020), which is generally assumed to enrich the
problem framing and the knowledge co-creation outcomes. Second, reflexivity as the explicit questioning of
underlying values and normative assumptions that helps new meaning and shared understandings to
emerge (Popa et al., 2015). Together, these principles when applied to place-based research raise the
question of how to generate interactive spaces where pre-established assumptions can be challenged and
critical reflections engendered in a manner that is salient, legitimate and credible for participants (Cash et al.
2003; Bremmer 2017). The way QST generates these interactive spaces is with the use of narratives.
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Following Voelker et al., (2019) narratives describe a sequential ordering of events constituting particular
temporal and spatial structures and establishing a set of subject positions with particular rationales, often
together with a causal relationship between a problem and a solution. The analysis of narratives in policy
discourses has a some tradition within sustainability sciences (Hajer, 1995). A common application is the
analysis of how certain narratives become sanctioned within the policy process while others are discredited
(Molle, 2008; Cabello et al. 2018). QST echoes this perspective usually by departing from a text-based
analysis of institutional narratives about the ‘why, what and how’ of European policy instruments and
innovations (Kovacic and Di Felice, 2019).
Alternatively, narratives can be analysed through public engagement methods. First, interviews have been
applied to access the stories people use in order to understand and create meaning around their experience
with social-ecological phenomena (Marschütz et al., 2020). In this vein, narratives become a tool to engage
with plural perspectives about the role, the expectations and the challenges of AWR, giving voice to
underrepresented positions (Bremer et al., 2017). Furthermore, narratives can also be understood as
‘knowing in action’ (Paschen and Ison, 2014), that is, as a social process whereby knowledge is produced in
the act of narrating an experience. Narrative inquiry thereby becomes a method to study the emergence of
knowledge as part of social contexts and interactions (Paschen and Ison 2014, pp. 1084). This performative
view of narratives is particularly well suited to analyse the transformation of knowledge in participatory
spaces where meaning is re-negotiated and co-created through information exchange and dialogue (Cabello
et al. 2018). It also attends to aspects of positionality in such interactions, which we find crucial when
engaging actors with unequal stakes in the development of AWR. In words of Paschen and Ison (2014, p.
1986) a reflexive narrative approach attends to questions of ‘who is speaking from where, to whom and for
what purpose’.
Altogether, we argue that this methodological pluralism in narrative research aids the application of QST to
place-based research on the implications of nexus interconnections for the governance of AWR.

3.

Operationalizing QST

In our case study, we operationalized and connected different methods in the QST process (Fig. 1) as
follows. Two study areas were selected in different islands of the Canary Archipelago. The first area is the
region of the Southeast of Gran Canaria, an agricultural area with a long trajectory in the use of both
desalination and wastewater reclamation. Here we analysed narratives about the experiences managing
these resources and the challenges ahead. The second study area focused on a new project of reclaimed
water for agricultural use in the Valle Guerra region, Northeast Tenerife. When initiating this study, a
tertiary treatment plant was launched, but the distribution network was still under construction. Therefore,
farmers were relying exclusively on freshwater resources. Contrary to the Gran Canaria case, this study
provided insights into the expectations and conflicts raised when an innovation is initially implemented.
Both agricultural areas produce a variety of irrigated crops mostly for exportation (65-80% of annual
production) but also for local markets and self-consumption.
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Fig. 1 - Overview of the QST process, methods applied and outputs/outcomes obtained in this research
This section covers the different stages and methods of our QST process as presented in Fig. 1. We only
include mentions to relevant results in order to reflect on the quality of the process with regards to our
methodological objectives.
3.1.

Socio-institutional analysis and map of actors

Our QST process kicked off with a socio-institutional analysis that enabled a shared framing of the issue
among researchers with different backgrounds and a general contextualization within the social, technical
and regulatory context of AWR in the Canaries. Building upon Corral et al., (2017), the methodology at this
stage combined the analysis of normative documents, websites of institutions and organizations, local grey
and scientific literature regarding water, energy and agricultural governance in the region. In addition, this
process assisted in mapping the relevant categories of actors to engage.
Table 1 presents the actors by categories. In the first stage, a broad categorization of actors was made
according to their social-institutional roles, responsibilities and decision capacity within the Canarian context
(general category in table 1). As the analysis advanced, the different institutions and organizations identified
were placed into the respective categories. Thirdly, to identify representatives of each of these groups, we
searched online social networks and main regional newspapers from 2017 to 2019. Individuals actively
speaking or involved in the topics of agriculture, water and energy were identified, obtaining an initial list of
50 actors. This list was filtered to a balanced sample of 30 actors actively speaking about AWR in relation
with water and agriculture, and to a lesser extent with energy (the energy dimension was less frequently
discussed in the media).
Actors were contacted by phone and email and interview sessions were scheduled throughout January and
February 2019. Contact data from interviewers was found in the websites of institutions and organisations
or in the contact list of the Technological Institute of the Canaries, partner of the MAGIC project. The
European Commission's guidance document for completing the ethics self-assessment in Horizon 2020
projects. This document has been referenced in the Appendix and the main ethical considerations of our
interview process were included.
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Table 1 – Resulting typology and number of engaged actors.
Interviews
General category

Type of institution or
organisation

Public administration and Canarian Government
nexus planning bodies
Insular Governmental
bodies

R&D
organisations

Nexus knowledge area

Gran
Canaria

2

3

3

Agriculture

2

1

4

4

Energy

1

Environment

1
1

Universities

Agronomy
Social sciences

Governmental R&D centres Water, energy
engineering

1

3

2

1

1

1

1

2

1

5

3

1

3

2
1

Agronomy

1

Water

1

Agriculture

1

2

1

1

3

2

1

4

1

1

2

Irrigation communities and
private freshwater owners

1

2

AWR consultants

1

Unions
Cooperatives and
companies

Civil society

Tenerife

1

Environmental Sc

Water management
organisations and
consultants

Gran
Canaria

Water

All

Agricultural organisations Individual farmers

Tenerife
2

All

Municipalities

Private R&D centres

Workshops

AWR producers

Water

Environmental organisations Environment

1

1

1

Food sovereignty and local
associations
Undergraduates

2
1

Agriculture and
environment
Total per island
Total regional

1
7

11

12

31

34

4
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3.2.

Identification of narratives
3.2.1.

Interviews

The interviews served the purpose of initiating the engagement process through a one-to-one conversation
while eliciting narratives with regards to the past, present and future of AWR in the study areas. An
interview guide was prepared by all members of the research team (see Appendix). We tried to widen the
scope of analysis from the specific technical challenges AWR are facing to the roles they play in the islands’
environmental, socioeconomic and institutional contexts. For this reason, the interviews commenced by
asking about their views on the situation of water resources and the agricultural sector and about the
purpose of AWR within this context. To improve our understanding of the network of actors and to identify
actors to engage in the final workshop, we included questions on the interviewee relation with AWR and on
the actors involved in both their development and governance. We further inquired about the current
challenges and the future expectations. Finally, we introduced the nexus concept and asked about its
potential usefulness for their daily activies and more in general for AWR governance.
The interviews were semi-structured and conducted in Spanish by two researchers of the team, both
Canarian and with different backgrounds in sociology and agronomy. Out of the 30 contacted actors, a total
of 27 were finally interviewed (Table 1). In Gran Canaria, 7 interviewees represented expert knowledge from
either public authorities or research organisations, with agricultural backgrounds more represented than
water knowledge. On the other hand, in Tenerife there was a stronger focus on water backgrounds and a
larger representation of water and agricultural management organisations.
Civil society and individual farmers were underrepresented in the sample of actors interviewed on both
islands. This underrepresentation can be considered a limitation of our methodological procedure because
those groups have lower presence in the mainstream regional media. Thus, a more exhaustive search is
needed using other sources, such as alternative, non-official or very local media. Lastly, it is noteworthy that
only 3 of our interviewees were women, neither of them from governmental bodies, suggesting that this
group is underrepresented both in the media and in the institutional context.

3.2.2.

Interview coding

In terms of the analysis, our first step was to distil the narratives from interviewed actors through an
iterative coding of interview transcripts. A coding framework was developed connecting different
categorizations of narratives (see table A.1 in the Appendix). The first and most important analytical
criterion was the way interviewees storied causality relations around AWR. For this purpose, we built upon
Felt (2007) to distinguish between justification narratives (why were/are AWR pertinent innovations in the
study areas? What challenges do they face?), normative narratives (what should be done?), and explanation
narratives (how should challenges be addressed?). These main questions linked to each type of narrative
were answered following the pre-designed coding framework, associating specific actors’ quotes to each
code. For instance, key codes for justification narratives are ‘social-ecological perception’, ‘causes’, 'benefits'
and ‘problems’; for normative narratives: ‘solution’, ‘role’; and for explanation: ‘action’ and ‘target’. In the
next step we built the narratives analyzing the narrated causes-effects; how causes and benefits are related;
what are the concerns at the moment; and what is the role of particular measures, targets and policy
7

instruments. Following this analysis we arrive at a set of narratives, which do not represent specifically the
vision of the interviewed person, but the standpoint of several actors as exposed in the typology of Table 1.
It is worth noting that actors might not align across all narratives, but rather follow different causal avenues
from the problems they perceive to particular solutions.
As a second analytical dimension, we focussed on uncertainties surrounding the stories about causality. For
this we built upon Brugnach’s et al., (2008) relational uncertainty framework. We systematically coded as
ambiguities the claims that sustained divergent positions in the identified narratives. We also analysed
epistemological uncertainties as claims referring to insufficient information or uncertainties about a
particular issue and used as input for decision making.
Lastly, we selected the most representative narratives to be considered in subsequent steps of the QST
process (see list in the Appendix). By representative we mean narratives claimed from more than one actor.
In fact, those narratives defended by only two actors were coded as ‘underrepresented’ as compared to
‘mainstream’ narratives were more interviewees aligned. We only selected one narrative upholded by a
single actor in Tenerife. The reason behind this exception is that this actor contested the main justification
provided by AWR promoters from an important power position in the network of actors. Therefore its
influence as a contested narrative was high.
In general terms, the analysis revealed a strong convergence among most interviewees on the defense of
AWR as a means to guarantee water availability and security in the Canaries. In the case of Gran Canaria,
most actors highlighted the multiple benefits of AWR whereas the farmer and agronomic experts discussed
new problems and risks associated with their quality. We observed strong concerns about the situation of
the agricultural sector connected to proposals for making AWR accessible to small and rural farming systems
producing for local markets. On the other hand, in Tenerife we found critical perspectives of the role of AWR
within the economic model of the island, contesting mainstream justifications. We also observed divergent
positions with regards to farmers’ acceptance of reclaimed water. Considering these results, we decided to
focus the final workshops on exploring those aspects with divergent opinions on one hand, and the
uncertainties surrounding the expectations on future uses of AWR on the other hand. Before that, the
identified narratives were contrasted with a quantitative analysis of nexus patterns.
3.3.

Quantitative analysis of nexus networks

Quantitative analysis within QST serves the purpose of generating pertinent feedback to previously
identified narratives in terms of: i) a system analysis that contextualizes the problem, ii) exploration of
ambiguities and divergent positions with available quantitative data; iii) identification of key constraints to
expected solutions or pathways derived from trade-offs across WEF nexus dimensions, and iv) identification
of key epistemological uncertainties with regards to existing data and evidence. The quantitative engine of
QST is the Multi-Scale Integrated Analysis of Societal and Ecosystem Metabolism - MuSIASEM (Giampietro
and Bukkens, 2014) and its recents developments to nexus networks (Cabello et al. 2019, Serrano-Tovar et
al. 2019). In a nutshell, MuSIASEM applies systems thinking to analyse relations between patterns of
production and consumption of water, food, energy and other resources. In addition, it explores relations
between societal and environmental variables across scales.
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In our research, MuSIASEM was applied to diagnose how AWR were used within the common pool of water
resources, by what type of farming systems and at what energy and monetary cost in the study areas. To
analyse such patterns of water use - food production - energy use, data was gathered through field surveys
to a stratified sample of farms in each study area (31 in Gran Canaria and 37 in Tenerife) and complemented
with secondary data sources. Among other agronomic variables, farmers were asked about their production
systems (crops, technology, inputs, production, markets) and water management practices (sources,
suppliers, prices). The survey in Tenerife included explicit questions about the acceptance of reclaimed
water. Secondary data sources were used to complete gaps in the surveys, to analyse the status of
groundwater bodies and the energy costs of the different water resources.
Since the focus of this paper is on the analysis of narratives, a summary of the design of the nexus network
and of the data management process is provided in the Appendix. Further information can be found in the
MAGIC project deliverable (Cabello et al. 2020). In the next section, we explain how we selected and
organised quantitative data to provide feedback onto the narratives.
3.4.

Connecting qualitative and quantitative analysis

This second analytical step was explicitly framed within the final deliberative workshops. That is, the
contents and formats of the analysis were designed as a means to set the scene for an exercise of collective
reflexivity on the identified narratives. As shown in Table 1, engaged actors in the workshops were mostly
experts, academics or public servants from different administrations and governmental bodies. However,
there were also farmers, water management and civil society organisations. Therefore, the challenge was
how to design and present our analysis to such a diverse plenary in a way that could challenge assumptions
about the expected roles of AWR while raising interest to spark discussions.
The process was highly interdisciplinary with quantitative and qualitative researchers working in close
interaction. The most representative narratives found during the previous analysis were used to create a
story about the innovation and its deployment in each study area. In Gran Canaria the script connected
justification (why?), normative (what?) and explanation narratives (how?) adding a temporal flow from past/
present roles or challenges of AWR to future expectations. In Tenerife, the story emphasised the existence
of different justifications for the need of AWR and explored divergences with regards to the use of reclaimed
water.
Each narrative was illustrated with several anonymized claims from the interviews, plus, if data pertinent to
the narrative was available, one or more graphs. The selection of the graphs’ format and content followed
criteria of relevance and inclusiveness. That is, we chose the least amount of quantitative information in the
simplest visualization format (mostly pie and bar graphs) to support the messages we wanted to convey. On
some occasions, the data simply supported the narrative claims reinforcing an existing consensus (like ‘the
use of AWR in Southeast Gran Canaria is now larger than freshwater resources’). On other occasions, it
contradicted them by pointing to the presence of ambiguities and contested perspectives (like ‘farmers are
in favour of AWR’, the survey data showed 40% of farmers rejecting the use of relcaimed water in the
Tenerife study area). Many times it was about clarifying issues for which no information was signalled or for
which different figures were used to support divergent positions (like the monetary and energy costs of
different water sources), therefore addressing uncertainties. In addition, we found one narrative prescribing
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a future scenario for which potential constraints could be quantified (we estimated the cost of pumping
AWR from the coastline to rural areas situated between 700-1000 m above the sea level). Finally, there were
also relevant narratives referring to issues for which we had no data available (like claims about the impacts
of AWR quality on soils and crops) or depicting futures which could not be estimated with existing data (for
instance the expected role of renewable energy sources to lower the price of AWR). In those cases we
included the qualitative information about the narrative, signaling the lack of data and the associated
uncertainties. Fig. 3 presents a summary of these different QST strategies. In the Appendix we expand on
the mentioned examples for each strategy.

Fig. 3 - Strategies for quantitative story-telling
3.5.

Participatory assessment of narratives

The last stage of our QST process (Fig. 1) was to create spaces for social interaction where narratives could
be assessed and desired futures imagined. A participatory workshop was organised in each study area
engaging a total of 31 actors in Gran Canaria and 34 in Tenerife (Table 1). The workshops followed a similar
structure. After presenting the mixed-methods analysis of narratives and contextualizing it within the MAGIC
project and QST experimental research, participants were divided into 3 working groups. A participatory
narrative inquiry method adapted from Kurtz (2014)2 was used to appraise identified narratives within the
groups: one Business as usual scenario (BAU) and two Alternative scenarios (Table 2). The alternative
scenarios were designed considering the results of our previous analysis. Considering the notable consensus
of AWR observed in Gran Canaria, the scenarios were framed according to identified ‘what for’ narratives.
They mostly referred to making AWR accessible for small and rural farmer. On the other hand, alternative
scenarios in Tenerife were designed to explore contestation on the justification for the development and use
of reclaimed water, providing a space for under-represented narratives to be expressed. For this purpose,
we used imaginary news depicting ‘negative’ near-future contextual changes, namely the food trade and
climate-energy crisis, that could potentially influence the use of reclaimed water in the study area.
Additionally, this workshop kicked off with a field trip. We visited three actors holding different perspectives
and information about the reclamation project: the reclamation plant and two farmers. Thereby, narratives
as ‘knowing in action’ were added to the pool of information to explore divergences.

2

This methodology was originally adapted by StoryConnect (https://storyconnect.nl) for a workshop on socialecological resilience in the Water Science for Impact conference in Wageningen, October 2019.
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Table 2- Scenarios used for framing the participatory narrative assessment
Business as usual
Southeast
Gran
Canaria

Framing

Example of
narrative
assessed
Northeast
Tenerife

Framing

Example of
narrative
assessed

Continuation of agricultural
and water governance
patterns
“Aquifers
are
recovering
thanks to the use of AWR”
Continuation of agricultural
and water governance
patterns
“Reclaimed water is needed to
stop aquifer overdraft”

Alternative framing 1

Alternative framing 2

Diversification of crops using
AWR

Access to AWR in high rural
lands

“The quality of AWR
generates impacts on soils
and crops”

“Renewable energy can lower
the price of AWR”

Crisis of global food trade
chains

Climate and energy supply
crisis

“Price and quality of
reclaimed water may hamper
crop exportation”

“Renewable energy can lower
the price of AWR”

Within the groups, each participant was provided with a printed booklet including the mixed qualitative and
quantitative analysis of 4-5 narratives to assess. The narratives for each group were selected to prompt a
discussion about the context, constraints and uncertainties of the use of AWR within each scenario. For
instance for the BAU scenarios, we selected narratives referring to the contribution of AWR to groundwater
conservation and to foster agricultural production to explore uncertainties in these connections. On the
other hand, assessed narratives in alternative scenarios referred to accessibility factors like price, quality and
energy costs. Narratives on actual problems and impacts generated by the use of AWR were appraised by all
groups.
To assess the narratives, the same iterative process was followed: first, the narrative was read and time was
given to go over the data and think of their opinions; second, deliberation over the narratives was structured
with a two-axes panel in which the vertical axis depicted a dimension of viability from ‘Sure’ to ‘Impossible’
and the horizontal axis depicted a dimensions of desirability from ‘Great’ to ‘Terrible’. The resulting fourquadrant space provided a way to structure the views from participants on the different narratives
according to the combination of the two plausibility criteria. The discussion was organised in rounds so all
actors could voice their opinion and locate their contributions in the panel. The aggregation of individual
opinions generated a pattern that spoke for the collective positioning of the group with regards to each
narrative. The process was repeated so that, by the end of the exercise, collective patterns showing the
assessment of the scenario were obtained.
Building upon this reflection, participants were asked to define a future out of the ideas within the viabledesirable quadrant using a headline format. In a final backcasting exercise, participants were asked to
identify external and internal drivers for this future, to propose actions and to assign accountability by
naming the actors and institutions that should be involved in those actions.

4.

Outcomes

We introduced the QST goal of generating pluralistic and reflexive knowledge co-creation processes about
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complex nexus problems in order to enhance the quality of policy and innovation narratives dealing with
such problems. This is not the place to expand on the richness of the results obtained from the above
described research. Yet, from a process learning perspective, it is worth reflecting on the extent to which the
QST methodological hypothesis was confirmed in our case.
Our QST process engaged a total of 75 actors holding knowledge about the three dimensions of the WEF
nexus, with a particularly relevant presence of public authorities and practitioners (Table 1). Considering the
technical profile of nexus practitioners (Hoolohan et al., 2018), our sample was representative of this
knowledge ecosystem. However, local knowledge from farmers and civil society organisations, and women
were underrepresented both in the interviews and the workshops. Another drawback of the process was the
low rate of continuity between the two engagement activities (only 25% of the interviewed actors shown in
Table 1 participated in the workshops). Reluctancy from stakeholders to interact is rather common in
controversial issues (Gray, 2004). For instance, in the Tenerife case, private freshwater owners with high
stakes in local water management agreed to participate in the interviews but not in the workshop.
Workshop excercises were carefully crafted in order to guarantee equal opportunities to participate.
However, we faced procedural difficulties like a limited capacity to deal with diversity and power
asymmetries during the discussion. As a result, not all voices received the same attention or credit. For
instance, opinions from the only farmer against the use of AWR in Tenerife were rapidly downplayed, or
those from young university students were qualified as 'utopian' by a senior engineer from the energy
sector. This is both a problem of balanced representation of different perspectives and a lack of facilitation
skills required to translate between different languages within heterogeneous groups (Barnaud et al. 2013).
As Paschen and Ison (2014, pp. 1084) point out, ‘the use of expert or lay languages can exclude or include
communication actors and thus influence the kind of knowledge produced and accepted as authoritative’.
Expert and technical language, initiated with our presentation of narrative analysis, dominated the
interactions and created barriers to other types of expressions. Notwithstanding these limitations, pooling
together different knowledge systems was effective in generating a discussion over several nexus issues
associated with AWR and in addressing some epistemological and relational uncertainties. For instance,
having precise information on the price and energy costs of different water sources and on the direct
relation between prices and the quality of produced AWR enabled a shared understanding of constraints
and helped the participatory assessment of narratives.
With regards to reflexivity, our aim in the workshops was to use narratives as vehicles for exploring
normative values and assumptions underlying the promotion of AWR and, building upon such reflection, to
propose further actions (Popa et al. 2015). Fig. 4 presents the aggregated results obtained from the
participatory assessment exercise. Without delving into the particularities of the narratives assessed, the
obtained patterns show how most contributions fell within the desirable side of the panels. Constraints to
desirability of the narratives were mostly expressed in the BAU discussion groups. Whereas this outcome
aligns with numerous studies showing the social tendency towards positive futuristic thinking (Carlgren et
al., 2016), it also supports the social acceptance of AWR revealed in our previous analysis. In fact, most of
the scenarios and actions proposed in the final part of the workshops pointed to futures where AWR played
a key role in either transforming agricultural production patterns or facing the impacts of global changes.
This result suggests that the mainstream acceptance of AWR is representative of wider meta-narratives and
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socio-technical imaginaries in the Canaries (Paschen and Ison 2014; Jassanof and Kim 2015).
On the other hand, viability constraints were signalled in all alternative scenarios and, especially, in the BAU
of Gran Canaria. This result speaks for the different stage of implementation of AWR in Gran Canaria, where
the long-term use of AWR has yielded problems and learnings, and in Tenerife, where AWR fall in the very
initial stages of the expectation curve for innovations (Borup et al., 2006). Expressed constraints to viability
enabled a more nuanced analysis of explanation narratives (how to make AWR accessible?), of the relations
between different drivers of water scarcity and of those with the expected benefits of these innovations.

Fig. 4 - Outcomes from the participatory narrative assessment in the two workshops. Each dot represents an
individual opinion shared in a posit during the discussion. Colours indicate the outcome of the assessment
criteria provided by each quadrant. Yellow: viable and desirable; turquoise: desirable but not viable; green:
not desirable and not viable; pink: not desirable but viable).
Altogether, our reflexivity exercise enabled a comprehensive assessment of constraints and trade-offs
between the different roles of AWR while addressing some of the identified uncertainties. Building upon this
knowledge, new narratives were co-created, tying actions to specific actors in desirable and viable
pathways. However, our capacity to unsettle assumptions underlying AWR as techno-fixes to water scarcity
was limited. Our attempts to bring up narratives contesting these innovations were not amplified by
attendants whose interests gathered around the discussion of who is AWR for, and under what
circumstances. These outcomes feedback on the QST goal of challenging dominant innovation narratives
(Strand et al., 2018) by suggesting that the focus on quality of narratives should be process oriented instead
of outcome oriented. In line with Strand (2019), we argue that a more humble strategy of worthwhile
collaboration on co-narrating desired socio-technical pathways may yield transformative social learning and
indirectly induce institutional changes3.
3 The results from our workshops have been considered for new agricultural policies by the regional government of the
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5.

Concluding remarks

The QST process has the potential to help enact processes of progressive policy change that recognise
crucial sustainability challenges illuminated by the WEF nexus concept (Mathews et al., 2019). QST proposes
the mix of narrative analysis and nexus accounting in interaction with a plurality of knowledge holders.
Thereby, QST advances both inter and transdisciplinary efforts in WEF nexus and sustainability research
(Hoolohan et al., 2018; Howarth and Monasterolo, 2017). On the one hand, the proposed mixed-methods
approach is particularly well-suited for linking socio-cultural and biophysical dimensions of sustainability
challenges (Paschen and Ison, 2014). On the other hand, QST mobilizes knowledge from scientists and
practitioners ‘bridging competing narratives of sustainability in a process that challenges the dominance of
techno-science’ (Brener and Funtowicz, 2015). By opening spaces for reflexivity on the effectiveness of
technological solutions where different narratives can learn from each other, QST offers a systemic approach
to navigate wicked nexus problems towards adaptive multi-resource governance (Ison et al. 2016; Luederitz
et a. 2017).
This paper presents one of many possible leaps from theory to practice of QST analyzing the role of AWR as
innovations to face water scarcity in the Canary Islands. We collaboratively designed and tested a full
methodological proposal for operationalizing QST in a situated co-creation fashion that conceives narratives
not only as static discourses in policy text, but as dynamic, constantly rewiring, social meaning-making
(Paschen and Ison, 2014). Our interdisciplinary collaboration enriched the process in terms of analytical
power and capacity to understand and embrace different perspectives about the problem. However,
coordination efforts were intense in terms of the alignment of skills and negotiation of key decisions.
Concerning the applied methods, we introduced quantitative analysis of nexus networks within wider social
science-driven qualitative narrative inquiry (Albretch et al., 2018). Far from close scenario predictions, the
function of numeric analysis within QST is understood as that of providing pertinent feedback to narratives
in terms of tradeoffs and biophysical constraints across nexus dimensions, while signalling epistemological
and relational uncertainties (Brugnach et al., 2008). This mixed information was used as fuel for social
interactions in participatory settings where new knowledge and narratives on desired socio-technical
pathways were co-created. From a procedural perspective, we strived and partially succeeded in apply ing
principles of pluralism and reflexivity to our process (Nöstrom et al. 2020; Popa et al. 2015). Open questions
remain as to how to effectively mobilize radically diverse knowledge and value systems in complex analytical
exercises where everyone feels safe to participate (Barnaud et al. 2013).

Canary Islands and for new guidelines on the assessment of reclaimed water projects by the national Spanish Ministry
for Ecological Transition.
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Appendix
This appendix contains complementary information on the methods deployed in this research. We
provide the guide used for the interviews with local and regional actors, the coding framework used to
analyse the transcripts together with the main narratives obtained and an overview of the quantitative
data analysis process with MuSIASEM.

A. Interviews
Ethical aspects when recruiting participants were approached according to the European Commission’s
guidance document for completing the ethics self-assessment for Horizon 2020 4. Ethical considerations
included: providing all the relevant information regarding the project and interview process, obtaining
standard written informed consent and protecting personal data and privacy.

Interview guide
1. Introduction to MAGIC project and the purpose of this interview. Informed consent for
recording.
2. Biographical information of the interviewee.
 What institution do you represent? What is your role in that institution? What is the role
of the institution?
 What are the main topics, issues you are personally working on at the moment? Do you
enjoy these activities?
 What institutions/actors are important for your work?
3. Perception about the situation of freshwater resources or the agricultural sector.
 What is your opinion on the status of aquifers in the Island? Why do you think there are
‘water problems’ here?
 What is your opinion on the situation of the agricultural sector in the Island? Why do
you think we are witnessing regression trends as for instance agricultural land
abandonment?
4. Institutional context.
 To what extent do you participate in the elaboration of water or agricultural planning
and management strategies within the Island?
 Who is fostering the development of AWR in the Island?

4
guide/cross-cutting-issues/ethics_en.htm

See: https://ec.europa.eu/research/participants/docs/h2020-funding-

5. Causes and purpose of the development of AWR.
 In your opinion, what are the reasons behind the development of AWR? (if necessary name
examples: water scarcity, climate change adaptation, aquifers overexploitation, recovery of
aquifers....); Why do we need to deploy AWR and what goals do they pursue?
 Are there any alternatives to AWR? (if necessary name examples: natural wastewater
treatment, not developing AWR....)
 Who is benefiting from the use of AWR? (if necessary name examples: farmers, the
agricultural sector, the general population, technological companies?...)
6. Barriers and impacts related to the use of AWR.
 What problems or impacts are derived from the implementation and use of AWR? What
advantages do they bring? (mention nexus related ideas here: for instance impacts on the
energy sector, on the environment ,...)
 What are the main barriers to the use of AWR (social, institutional, economic, technical
barriers, etc.)?
7. Questions and dialogue about the nexus concept.
 Provide conceptual background: Over the last years the notion of the ‘nexus’ has emerged
as a way to address the relations and overlaps between different policy areas. For instance,
the increment of agricultural production is considered a necessary strategy under the
perspective of population growth. However, this increment entails pressures on energy
consumption, water pollution or soil degradation. The water-energy-food nexus brings
attention to those interconnections and raises questions about cross-sectoral coordination,
policy coherence etc.
 In your daily work or institution, is there any discussion that echoes these ideas? Do you
consider it a relevant concept?
 Do you think that nexus interconnections are taken into account in the governance strategy
for AWR in the Island?
8. Future development and expectations
 What in your opinion should be the next steps in the development and implementation of
these technologies?
 What are the most important or probable future developments?
9. Collaborations and other actors
 Can you please indicate what other actors working in agriculture, water or energy could be
interested in the knowledge that this project can generate and in participating in the
process?
10. Extra questions
 Who decides over the water sources to be exploited? And specifically about AWR?
 Is there consensus in the decisions about the development of these technologies as a water
governance strategy?
 How would you value the current water governance system in the Island?
 Why the need for AWR was detected? Who started talking about it?
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B. Analysis of narratives
Table A.1 - Coding framework
Main
category

Sub-category

Codes

Explanation

Causality

Justification
(why?)

Socialecological
perception

Refers to opinions about the state of water resources and
about the situation of the agricultural sector that are
connected to the justifications for AWR

Cause

Refers to the described causes for the development of
AWR in the Canaries in the past, connects specific
problems to AWR as solutions in a historic perspective.

Benefits

Refers to descriptions of benefits, expected or
experienced, of the use of AWR. These claims were used
as justifications for past and future developments.

Problem,
impact

Refers to perceived problems or impacts derived of the
use of AWR at the moment of the interview, presents
individual or collectively shared perception of challenges

Uncertainties

Normative
Solution
(what?
What
for? For whom?)

Refers to claims on ‘what needs to be done’ or what
should be the solutions to described problems

Uses,
purpose

Refers to statements about experienced or expected uses
of AWR in relation to perceived problems or benefits, such
as specific sectoral uses or environmental purposes

Expectation

Refers to described expectations about the future of AWR
in general, what includes potentially new uses,
innovations and present problems attended

Explanation
(how?)

Action;
target;
method

Refers to claims on ‘how things should be done’, specific
actions, goals, roadmaps or methods to pursue desired
changes or put perceived solutions in practice. They were
usually connected with expectations.

Epistemological

Lack

of Refers to claims about information needs, or to
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Positionality

uncertainties

information;
unreliable
information

uncertainties in the existing information about specific
issues of AWR, usually in relation to the information used
by public authorities in policies governing water,
agriculture or energy

Ambiguities

Contested
Refers to issues that are framed differently by different
opinion;
actors, or for which there are different opinions or
contradiction positions, or for which contradictory data is provided
; framing

Representativen
ess

Mainstream;
underrepresented

This code is an inductive analytical category. Classified
narratives according to two clusters that we termed
‘mainstream’ vs ‘under-represented’ to signal frequency
of appearance across the sample of interviewees. Those
narratives gathering claims from two, or one, actors were
coded as under-represented. Those narratives with more
than 4 were mainstream.
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Selected narratives on AWR in Southeast Gran Canaria
In this study area, desalination technologies have a long history of implementation. Both desalinated and
reclaimed water resources are used for agricultural production since several decades ago. Therefore, actors
in Gran Canaria hold experiential and practical knowledge regarding the management of these resources.
Main justification narratives: causes, benefits and problems associated with AWR and
the agricultural sector.
1. The success of AWR in Gran Canaria: “AWR enabled overcoming local conditions of water
scarcity and severe aquifer degradation”
Most actors narrated the story of AWR in Gran Canaria as one of success in facing the ‘crisis of scarcity’
while stopping the decrease in groundwater table levels. During the second half of the 20th century, the
region experienced a boom of agriculture for exportation, especially tomato, coupled to the intensification
of touristic activities. These sectors together drove the rapid degradation of all aquifers in the island both in
quantity and quality. In this context, the implementation of AWR was acclaimed as the key innovation that
allowed for the recovery of groundwater resources while enabling agricultural and economic development.
According to the interviewees, the use of AWR is nowadays larger than groundwater and aquifers had
reached a situation of hydrological balance.
We found a strong convergence among interviewees around this narrative. All interviewees from Gran
Canaria used similar arguments for the development of AWR in the latest decades of the XX century.
However, the arguments about water scarcity referred to “drought”, “aquifer overdraft” and “socioeconomic development” in different weights. Therefore, we consider water scarcity as an ambiguous metanarrative that enables the alignment of different perceptions in win-win statements.
2. Current benefits of AWR: “AWR provide water security”
A closely related narrative defends AWR as a means to provide security to farmers in terms of constant
water availability, quality and stable price. The security granted by AWR was causally linked to opposition
between the private freshwater resources market in Gran Canaria and the public ownership of AWR. The
narrative suggests that public leadership and regulation of AWR prices influenced the traditional private
fresh water resources market by lowering overall prices and reducing speculation. In turn, the perception of
water security was fundamental to the expansion of agricultural production on the island, especially
exports-based agriculture in the coastline.
This narrative gathered the majority of actors when inquired about the role and benefits of AWR. The
justification of multiple benefits connects with later described in normative and explanation narratives
claiming for the expansion of the uses and users of AWR.
3. Current problems of AWR: “The quality of AWR generates new impacts and risks”
The use and exploitation of AWR entail some specific problems related with the quality of these water
resources. On the one hand, the inadequate balance of salts in desalinated water is harmful for crops and
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soils. It generates a slow but continuous deterioration of soil structure that may bring important problems in
the medium and long run. Farmers are anticipating this risk by mixing desalinated and other water
resources. Yet, what is the adequate mix of what type of resource is unclear. On the other hand, the
management of reclaimed water faces the problem of emergent contaminants such as medicines, drugs or
chemicals from urban consumers.
This narrative was upholded by the interviewed farmer and agronomic experts from RD institutions and
public authorities. We decided it was relevant because it posed a challenging perspective regarding
mainstream justifications for AWR which claim only benefits.
4. Current problems of the agricultural sector: “Agricultural abandonment is a multidimensional problem”
This narrative clusters the answers to the question about the situation of the agricultural sector. All
interviewees agreed on the continued negative trend in agricultural profitability, reflected in the decrease of
land use and employment generated by this sector. However, the underlying drivers for these trends were
narrated as different combinations of factors. Public water authorities highlighted the particularities of
private water markets in the Canaries as causes for low agricultural competitiveness (because water prices
are too high and quality low) and for the need of AWR. For agricultural unions, the low profitability of
agriculture is further related to the high cost of employees in the Canaries as compared to non European
Countries as well as to the generational gap and the difficult access to land. Yet, both agreed on financial
causes such as international market competition and decreasing crop revenues as fundamental drivers.
Lastly, the role of public subsidies in sustaining agriculture in the Canaries was perceived as controversial by
the interviewed farmer.

Normative narratives: solutions, expectations, new roles for AWR
The narratives about what should be done in the near future focus on continuing the expansion of
production and use of AWR for all economic sectors. No alternatives to this innovation were considered by
interviewees. With regards to the future of agriculture, we found two narratives proposing new roles of
AWR:
1. Diversification of crops: “the future of agriculture is to change the agricultural model towards a
more local consumption”.
This narrative discusses the potential for diversification of crops as an emerging trend in the island. That is,
the production of more types of crops by small farming systems for local markets as an alternative to the
dominant intensive production of tomatoes for exportation. Under this narrative, AWR should contribute to
reinforce this trend as a potential agricultural ‘re-localization’ strategy in the island.
It should be noted that only two out of twelve interviewees mentioned this strategy. The research team
decided to amplify this narrative for the final workshop because, in our view, it represented an alternative to
the current agricultural model in regression. In addition, there was an on-going political debate about ‘food
sovereignty’ in the Canaries. We considered it was a policy window to contribute to with this case study.
2. Access in highlands: “AWR should be made available to rural communities to enable their
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agricultural development”.
This second normative narrative proposes the elevation of AWR to rural highlands. Agricultural expansion in
Southeast Gran Canaria concentrated in the coastline. Rural communities in highlands still relied on a private
freshwater market that ‘steals’ their resources for selling to touristic and urban activities. This is narrated as
a situation of inequality exacerbated by new climate change trends. Agricultural abandonment was bringing
new problems of wildfires and population decrease. Under this narrative, AWR should contribute to the
economic revitalization of rural communities. However, there are constraints with regards to the lack of
infrastructure and the cost of pumping the water 700 meters above sea level.
This narrative was more representative in our sample of interviewees. Actors supporting it included AWR
producers, public authorities of the island, agronomic experts, agricultural unions. The only critical position
was represented by the environmental organisation questioning not only the price but also the quality of
AWR.

Explanation narratives: actions to make AWR accessible
We found one main narrative describing how to facilitate access to AWR. It can be summarized as: “The
price of AWR needs to be reduced. Renewable energy technologies can play a role and we need to keep
innovating in this line”. Expectations about the future were related to the nexus between AWR and
renewable energy technologies. Most actors defended the need to ‘act over the energy factor’ in order to
decrease the price of AWR. Especially when considering pumping AWR to rural highlands, the energy cost is
burdensome and authorities should intervene. The existence of one pilot project in the area connecting
wind turbines to desalination for crop production is used as an argument to keep innovating on these
technologies.
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Selected narratives on AWR in the Northeast of Tenerife
In this study area, a wastewater treatment plant was recently built in order to provide water to the
agricultural sector. The project is promoted by the insular public administration. This administrative body is
responsible for the implementation of water planning and management strategies in the island, and is
composed of a 50% by public bodies, and a 50% by private actors (water owners, agricultural companies,
associations, etc.). Given the early stages of implementation of AWR in this area, the actors based their
narratives mostly on the expectations or threads perceived from the use of the new resources.

Justification narratives: why are AWR needed in Tenerife?
1. Main justification narrative: “AWR are needed to preserve the economy and conserve
freshwater sources”
The main justification describing the role of AWR in the Tenerife island is provided by its promoters: public
water and agricultural authorities in the island, in addition to researchers in technical disciplines and the
wastewater treatment plant. For these actors, the development of reclaimed water for irrigation is
necessary due to the depletion of traditional water resources (aquifers and wells). In the last century,
sectoral competition (tourism, population pressure, industry, construction and agriculture) has considerably
increased the pressure on freshwater resources. Additional arguments supporting the production of AWR
are the decrease in annual rainfall and climate change effects. The availability of reclaimed water in this
context is considered an essential condition for maintaining the economic model in the island and increasing
agricultural activity. These actors stated that there was not social rejection from farmers to use reclaimed
water.
2. Contested narrative: ‘There is not over-exploitation’.
The situation of overexploitation of groundwater resources is questioned by private water owners. This
actor claimed that the extraction of these resources is sustainable under the monitoring and control of
public administration. To support this position, arguments about the uncertainty of hydrological models
used by public administrations and lack of transparency in the data are provided. Notwithstanding the
divergent view of the situation of aquifers in Tenerife, this actor agrees with the development of reclaimed
water as a means to support agricultural expansion.
3. Contested narrative: ‘Technological miracles will not solve a complex problem ’.
Under this narrative, the risk of diminishing water resources is accepted, especially in a context of climate
change. However, reclaimed water is not considered a solution, but a patch to a more complex problem that
is the unsustainable economic and water management model on the island. The cause of the problem lies in
the huge competence for resources by different growing sectors and the veiled interests of private water
owners. Therefore, the role of AWR is that maintaining an assumption of ‘unlimited growth’ driving the
economy of the Canaries. This second critical narrative is claimed by only two actors: a civil society
organisation and a researcher on agronomy.
4. Ambiguities regarding the problems of reclaimed water.
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Concerning the questions about the potential problems associated with the use of reclaimed water for
irrigation, we mostly found divergent positions about the characteristics of these resources:


The price of reclaimed water is more expensive than that of natural resources (some farmers) VS
it is cheaper (public authorities/promoters).



The quality of reclaimed water is better than that of natural resources (public
authorities/promoters) VS it is worse (some researchers and agricultural cooperatives).



There are no impacts on soil and crops associated with the use of reclaimed (public authorities/
promoters) VS impacts do exist (some researchers and agricultural cooperatives).

Agricultural companies manifest a sanitary/healthy standpoint conditioned to water safety, both for crops
and consumers. They state that there is social rejection due to specific problems like quality, sanitary risks,
pollutants or high price.

Normative and explanation narratives: expectations surrounding reclaimed
water
Building on the previous justifications, we distinguish three type of narratives about what role is expected
for reclaimed water in the area of Valle Guerra and how it should be promoted:
1. Depletion of aquifers, climate change and droughts
According to the majority of interviewed actors in Tenerife, reclaimed water should ensure water availability
for farmers in situations of drought and in the face of climate change. They might provide enough water to
irrigate the North-East region when other resources diminish. For this purpose, public authorities (Canarian
Government, insular government bodies and local municipalities) should promote and facilitate the use of
reclaimed water by building the required infrastructures (ditches and canals).
2. Increase agricultural production for exportation
Those actors supporting the development of AWR (public administration, private water owners, some R&D)
highlight its potential to support agricultural exports. Nevertheless, there are risks that need to be
addressed like the possible rejection from EU consumers/countries and the strict sanitary regulations
regarding products irrigated with reclaimed water.
3. Revisit governance models
For the minority of actors questioning the development of AWR as a symptom of inadequate planning and
unsustainable growth, more critical reflections on the governance models are needed in order to address
water and agricultural problems.
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C. Quantitative data analysis
In this section we provide a summary of the quantitative analysis process and some examples of quantitative
feedback on narratives. An expanded version of the methodology and the results can be found in MAGIC
project deliverable 6.7 (Cabello et al. 2020).

1.

System design

The quantitative analysis in this research aimed at generating a diagnosis of agricultural systems in two
study areas and at quantifying nexus relations between agricultural production, water management and
energy costs of supplying water. The methodology used for quantitative analysis in QST, MuSIASEM, is a
multi-level system analysis that starts by defining the boundaries of the system, the levels to analyse and the
variables to quantify (Giampietro and Bukkens, 2014). For this research, we built on the rationale of a
previous case study of the MAGIC project that applied MuSIASEM to the analysis of agricultural production
and water management in the Spanish region of Almería (Cabello et al., 2019). This study provides a
thorough conceptual and methodological description of MuSIASEM and its application to quantitative
relational analysis of water-food nexus networks.
Our scale of analysis was sub-regional, with the extent covering two agricultural areas, one of 732 ha in Gran
Canaria and 484 ha in Tenerife, and the resolution zooming onto the farms within those areas. We designed
a multi-level nexus network that analyses typologies of farming systems according to different criteria (Fig.
A1). The lower analytical level considers typologies of farms according to the most representative crops they
produce (8 different crops in Gran Canaria, 5 in Tenerife). The following level distinguishes production
systems (conventional, integrated, organic). Thirdly, we analysed farms in terms of their size (less than 10
hectares were considered small farms and larger than 10 were considered large farms). At this level, we also
analysed the patterns of water resources used by large vs small farms. That is, the different mixes of water
from desalination and reclamation plants and/or freshwater from aquifers and surface water bodies. The
final upscaling provided datasets for the whole agricultural areas in terms of how much crops were
produced for which type of markets (local vs exports), using how much water and energy.
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Fig. A1 - Multi-level nexus network describing intertwined agricultural and water management nodes. Brown
nodes represent socio-technical processes; green nodes represent ecological processes. Grey arrows describe
scaling relations; black arrows describe material flow relations. For an in-depth description of this network
model please refer to Cabello et al. 2019.
To integrate and scale different variables across levels in nexus networks, MuSIASEM applies a ‘processor’
data array structure (Cabello et al. 2019; Serrano-Tovar et al. 2019). A processor describes different inputoutput variables for each node in the network. For instance, node in the left side of fig. A1 represents a
farming system. Each farming system is encoded through a processor that includes the input-output
variables shown in fig. A2, quantified on an annual basis. The processors describing desalination and
reclamation plants contain different sets of input-output variables, some of which ‘come from’ or ‘go’ to
other nodes in the network as material water flows. Tables A2 and A3 show the variables considered for
different processors.

Figure A2 - Basic structure of a processor data array describing farming systems in the case studies. GW:
groundwater; SUP: surface water; DES: desalinated seawater; DES-GW: desalinated groundwater; REU:
reclaimed water.

2.

Data management

Primary data collection
To obtain primary data on farming systems, field surveys were conducted to a structured sample of farms in
the study areas. The methodology followed AGRIS 5 recommendations on the structure, questions, sample
design and implementation (GSARS, 2018; built upon FAO, 1996). The full population of farms in the Canary
Islands are annually mapped by the regional government and data opened in their agricultural statistics 6.
The latest full GIS cartography that includes the location, surface and the typology of crops was released in
5

AGRIS is a global database providing information and bibliography on agriculture. It is specifically designed to support

national agencies to produce disaggregated data of good quality regarding technical, economic and environmental dimensions of
agricultural production.
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2013. This spatial dataset was used to extract and sample the farming population within the study areas.
The sampling method was probabilistic following AGRIS. The sample was selected from a stratification of the
crop categories including the most representative ones in terms of land use (7 crop types in Gran Canaria
and 5 in Tenerife). A total of 31 farms were surveyed in the Southeast area in Gran Canaria (3.7% of the
population, 39.7% of the agricultural land) and 37 in the Valle Guerra area in Tenerife (1.7% of the
population, 18.6% of the agricultural land). The survey included 67 questions grouped in the following
blocks:








Context data (location, owner, age and gender).
Crops and production (specific crops produced, production system, technology, fertilizers,
pesticides).
Water and energy (water used, supplier, source, price, irrigation system and conductivity, energy,
pumping consumption, fuel, machinery).
Human activity (number of workers, type, weeks worked per year and hours per week).
Agricultural model (production to different markets, retailers).
Open question: what are your main concerns at the moment?
Only in Tenerife: would you use reclaimed water in your farm? why?

Field work took place between March-April 2019 in Gran Canaria and during May-June 2019 in Tenerife by
qualified personnel in the agricultural sector and in conducting surveys. Data was collected using a tablet
device and an online form in Open Data Kit (ODK) 7 enabling direct compilation in an excel table.
Secondary data sources
During the field work, most farmers had difficulties quantifying key variables for WEF nexus analysis such as
their annual yield, water and energy consumed. The reasons for this difficulty include the lack of accounting
in small farms (the majority) and the lack of trust to release data on their performance. For this reason, a
search for technical coefficients in secondary sources was developed to complete the dataset. First, crop
yield benchmarks (kg/ha) were obtained from public agricultural stats, dividing and averaging overall
production per crop with land used in each island for the series 2012-2016. Second, water consumption
benchmarks were obtained from a local agronomic report 8. While this study focussed exclusively on Tenerife
Island, it provides geographically disaggregated water consumption coefficients. The coefficients from the
Southeast area of the island were assumed for the Gran Canaria case study located in similar coordinates.
6

Source:

http://www.gobiernodecanarias.org/istac/jaxi-istac/menu.do?uripub=urn:uuid:ef5f2e5c-e2c4-4c1d-b5ed-

c20fe946ce6f

7

ODK is an open-software data acquisition tool.

8
Hernández J.M. y de la Rosa B. (2005). Estudio sobre consumos hídricos agrícolas, evaluación de sistemas de riego y
estimación de la eficiencia de los regadíos de la isla de Tenerife. Servicio Técnico de Agroindustrias e Infraestructura Rural, Área de
Aguas, Agricultura, Ganadería y Pesca del Excmo. Cabildo Insular de Tenerife, por encargo de la Dirección General de Estructuras
Agrarias de la Consejería de Agricultura, Ganadería, Pesca y Alimentación.
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Additional data on the energy costs and prices of different fresh and alternative water resources was
obtained from ITC databases and by direct phone calls to water suppliers. Finally, water basin management
plans 2015-20219 were reviewed to extract data on aquifer quantitative and qualitative status.

3.

Data structuring and processing

The above described datasets were firstly processed in excel to derive processors variables as shown in the
following Tables A2 and A3. Structured datasets were gathered in a common database that can be accessed
in Zenodo repository10.
Table A2. Variables used to characterize farms processors.
Variable

Type

Units

Data source

Calculation

Production technology

Categorical

-

survey dataset

Transformation from survey dataset:
Greenhouse ‘Si’ = ‘GH’
Greenhouse ‘No’=’OF’

Cropping system

Categorical

-

survey dataset

Direct extraction from survey dataset

Crop category

Categorical

-

survey dataset

Direct extraction from survey dataset

Crops

Categorical

-

survey dataset

Direct extraction from survey dataset

Land use

Numeric

ha

survey dataset

Direct extraction from survey dataset

Human activity

Numeric

hour/y

survey dataset

=52 working weeks* weekly hours of
work*number of workers

Irrigation system

Categorical

-

survey dataset

Direct extraction from survey dataset

Water supplier

Categorical

-

survey dataset

Direct extraction from survey dataset

Water consumption per
hectare and crop

Numeric

m3/ha

Hernández
and de la Rosa
(2005)

Assignation of benchmark according to
location

Water consumption by
source:
 Groundwater

Numeric

Hm3

Survey
dataset,
Hernández
and de la Rosa

=Water consumption per crop * land
use* Share of water source within the
mix

9

Source:

https://www.gobiernodecanarias.org/aguas/temas/planificacion/hidrologica/

10

Access: https://zenodo.org/record/3925848#.Xv2VlZZS8Vt
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 Surface
 Desalted from sea
 Desalted from well
 Reclaimed

(2005)

Water supplier

Categorical

-

survey dataset

Direct extraction from survey dataset

Perception of water
quality (only in Tenerife)

Categorical

-

survey dataset

Direct extraction from survey dataset

Perspective on reclaimed
water use (only in
Tenerife)

Categorical

-

survey dataset

Direct extraction from survey dataset

Yield per hectare and
crop

Numeric

kg/ha

Cabildo insular
stats

= Σ Overall production/overall land used
(2012-2016) in each island

Local trade

Numeric

ton

survey
dataset, yield
per
hectare
benchmarks

=Yield per hectare and crop*Land
use*Share of production to local market

Exports

Numeric

ton

survey
dataset, yield
per
ha
benchmarks

=Yield per hectare and crop*Land
use*Share of production to exports

Table A3 - Variables used to characterize water sources processors.
Variable

Type

Units

Data source

Calculation

Water price

Numeric

€/m3

Direct call to
water providers

-

Energy cost (production Numeric
+ pumping) (only in Gran
Canaria)

kWh/
m3

Direct call to
water providers

-

Conductivity
Tenerife)

(only

in

Numeric

µS/cm

survey dataset

Direct extraction from survey dataset

Quantitative
aquifers

status

of

Categorical

-

Water
Basin
Management
Plan 2015-2021

Data collection
documents

from

the

plan

of

Categorical

-

Water

Data

from

the

plan

Qualitative

status

Basin

collection
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aquifers

4.

Management
Plan 2015-2021

documents

Data analysis

Concerning the data analysis process, specific csv files were exported from the database to Rstudio for
visualization and analysis. A first exploratory analysis was developed for basic statistics and relations
between variables. R ggplot package was used for visualization purposes. A long list of graphs exploring and
relating most of the variables in Tables A2 and A3 was produced. This initial exploration enabled the
adjustment of levels and categories within the network portrayed in fig. A1 and within the database.
The second step was to select data and graph formats to provide feedback onto the narratives. As explained
in the paper, the goal of this step was to present a mixed analysis combining qualitative and quantitative
data. In addition to criteria of relevance and inclusiveness, we tried to keep up with the multi-level
perspective of MuSIASEM. That is, whenever possible, we presented data exploring the narratives at
different levels of aggregation in the network (fig. A1). In the last section of this appendix, we provide some
examples illustrating the different quantitative story-telling strategies used in this research.

5.

Production of material for the workshops.

With regards to formats for communication, we designed a PowerPoint presentation and a printed booklet
expanding the information on methodological design and results. The booklets were adapted in structure
and contents to different discussion groups in the workshops. Each booklet included the slides of the
presentation plus extra data and graphs expanding the information on the narratives they had to assess. In
addition, information on the modelling procedure with MuSIASEM was included.
The documents were produced in Spanish and can be accessed in the MAGIC website document repository:


Gran Canaria
canaria

workshop

https://magic-nexus.eu/events/water-energy-agriculture-nexus-gran-



Tenerife workshop https://magic-nexus.eu/events/seminario-participativo-magic-en-tenerife
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Examples of quantitative story-telling
Example 1: Confirmation of narratives, with nuances.
The following slide shows a recurrent statement on the use of AWR in Southeast Gran Canaria being larger
than freshwater resources. We analysed the total volume of water used from different sources to confirm
that this was approximately right according to our data. However, we also discussed the difference between
desalinated water from the sea versus from the aquifer, and the importance of separating them in order to
account for different environmental impacts. The picture changed depending on whether desalinated
groundwater was considered an ‘alternative’ or a ‘conventional’ resource.
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Example 2: Rejection of narratives, with nuances.
This is an example of rejection or negative feedback to a narrative. The main justification narrative in the
Northeast Tenerife claimed the lack of rejection to reclaimed water from farmers. However, we found that
40% of the farmers we surveyed refused using the new resources. We then explored what type of farming
systems were in favour and what against by analysing the data in relation to the crops they produced and
the size of the farm.

Example 3: Clarification of uncertainties on data
We frequently observed the lack of information, or the use of different quantitative information, as a sign of
ambiguities and contested opinions. Following the previous example in Tenerife, different positions
regarding the use of reclaimed water were usually backed up with arguments about its quality or price being
better or worse than groundwater. We explored these two variables and observed that, in fact, some farms
were using groundwater of better quality and lower price than reclaimed water, while others were right in
the opposite situation. Therefore, there was a diversity of situations underpinning those divergent positions.
The following slide shows the analysis of water prices.
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The water price-energy cost connection was another source of uncertainty. In the following slide we show
different claims from interviewees in Gran Canaria using different figures about the energy cost of
desalination and reclamation. In the workshop, we provided these data to clarify this aspect.
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Example 4: Scenario quantification
To provide feedback on the narrative defending the access AWR in rural highlands in Gran Canaria, we
estimated the energy and monetary costs required for building and maintaining this infrastructure. This
information was discussed in one of the workshop’ working groups.

Example 5: Qualitative narratives, signal uncertainties
Finally, some narratives provided information for which we could not add anything relevant with our
database. This lack of feedback could be due to the lack of capacity of the research team to gather relevant
data or to the inexistence of quantitative evidence. In the following slide we show three different arguments
about the expected contribution of renewable energy technologies to decrease the price of AWR (and
therefore make these resources more accessible). Two of the claims (in red and green) come from the
interviews. The third (in blue) was written by one of the team researchers who is a local expert in the field.
He provided his opinion emphasising a number of factors that at the moment constrained the viability of
coupling renewable energy-alternative water sources.
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