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ABSTRACT 

Water science is an applied discipline, which therefore requires interacting with actors 

outside of the scientific community. Visualisations are increasingly seen as powerful tools 

to engage users with unfamiliar and complex subject matter. Despite recent research 

advances, scientists are yet to fully harness the potential of visualisation when 

interacting with non-scientists.  

To address this issue, this thesis explores how visualisations and novel design 

approaches can be leveraged to enhance the flow of information and knowledge within 

multi-actor water governance. I initially review the main principles of visualisation and 

discuss specific graphical challenges for environmental science. I synthesize a set of 

guiding principles and develop a design framework to help scientists incorporate 

effective visualisations within non-scientific contexts.  

Subsequently, I use the water supply system of Lima (Peru) as a case study to test 

whether an iterative, user-centred and collaborative approach to developing tailored 

visualisations could be effective within multi-actor water governance. To gain a detailed 

understanding of the study region and inform the tailoring process, I present and analyse 

the results of interviews with key governance actors focusing on how scale framings and 

policy storylines have shaped recent water governance processes. Following this, I 

present and discuss an experimental study that involved the co-design (in collaboration 

with hydrologists, a graphic designer and target end users) and user testing of three 

tailored infographic-style posters.  

On the basis of these studies, I conclude that an iterative, user-centred and 

collaborative approach to tailoring can contribute to the design of more effective 

visualisations than traditional approaches where the products are developed solely by 

the information providers. 
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CHAPTER 1: INTRODUCTION 

1.1 Research statement  

Transitioning to more collaborative water governance and sustainable development 

requires effective knowledge exchange across communities (e.g. scientific, 

governmental, civil, community, private companies, boundary organisations) that 

express a range of values, interests, priorities and perspectives. In addition, these 

communities serve different purposes (Lee, 1993) and rarely have a mutual 

understanding of each other’s culture and knowledge systems (Jacobs, 2002; Liu et al., 

2008; McNie, 2007; Sarewitz and Pielke, 2007).  

Hydrological science and engineering already significantly underpins decision 

making on water and related risks (Buytaert et al., 2014). As decision makers are under 

increasing scrutiny to make judgements based on uncertain evidence (Fischhoff, 2011; Liu 

et al., 2008), they require a tailored understanding of current scientific thinking in a form 

that informs their actions (Bishop et al., 2013). Rural communities currently marginalised 

from decisions that impact on their access to water resources, livelihoods and local 

catchments also stand to gain from the opening up of information flows and production 

of more hybrid (local/science), user-orientated knowledge (Buytaert et al., 2014; 

Karpouzoglou et al., 2016). In response to this challenge, the scientific community is 

becoming increasingly concerned with finding ways to enhance the flow and use of 

relevant scientific information within decision-making contexts (Mackay et al., 2015; 

Sutherland et al., 2012). However, plurality of perspectives and the sharing of useful and 

usable information across scales requires that we consider and invest in the 

communication process.  

While visualisations are widely used and increasingly seen as powerful tools to 

engage users with unfamiliar and complex subject matter, environmental scientists have 

yet to fully harness their potential when interacting with non-scientists. Visualisations 

when designed with skill, and explicit consideration of function, context of use and user 

requirements have the potential to contextualise hydrological data, concepts and 

uncertainty within a decision support context. In addition, collaborative (co-) design 

processes help facilitate knowledge exchange, revealing hidden perspectives, 

conceptualisations and solutions (Mackay et al., 2015).  
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1.2 Framing the research within scientific debates and global challenges  

1.2.1 Transitioning to sustainable water governance and development  

This thesis seeks to contribute to the pursuit of collaborative water governance and 

sustainable development. I adopt Clark et al.,’s (2016) broad conceptualisation of 

sustainability as: 

“... inclusive human well-being; this is to say, well-being that is shared 

equitably within and across generations and is built on the enlightened 

and integrated stewardship of the planet’s environmental, economic, and 

social assets.” (Clark et al., 2016) 

Historically, decision making relating to the allocation of water resources has been 

fragmented. Water was supplied to users without considering the impacts of decisions 

on other (competing) users or the sustainability of the resource. As unprecedented levels 

of environmental and societal change have placed increasing pressure on global water 

resources, there have been calls to adopt governance arrangements that meet the needs 

of present generations without “compromising the ability of future generations to meet 

their own needs” (Brundtland, 1987). Emergent governance approaches promote 

adaptive, multi-scalar, polycentric, inclusive arrangements that incorporate hybrid 

knowledges within decision-making. Similarly, emerging scientific frameworks integrate 

across social and ecological systems, straddle both the disciplinary and science-policy 

divide (i.e. transdisciplinarity), and contribute to the production of usable scientific 

knowledge in support of water resources decision-making and problem solving (Moss et 

al., 2013; Lemos, 2015; van Kerkhoff, 2014). The rapid development of cyberinfrastructure 

and information and communication technologies (ICTs) is presenting new opportunities 

for knowledge exchange. This has led to the development of web-based tools (e.g. 

‘virtual observatories’ (Buytaert et al., 2014)) that show promise as interactive, visual 

interfaces for exchanging hybrid-knowledge with a wide range of water governance 

actors, including more marginalised communities (Karpouzoglou et al., 2016). However, 

despite their potential for clarifying multi-dimensional information and bringing to light 

different perspectives (two existing challenges associated with communicating 
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hydrological information and multi-actor water governance contexts), there has so far 

been relatively little exploration of visualisation design approaches. 

 

1.2.2 Towards effective knowledge exchange across communities  

Linear research models (essentially a unidirectional transfer of information from the 

producers of knowledge to the users) are ineffective at mobilising knowledge for action 

(Cash et al., 2003). The resulting knowledge gaps between scientific and decision-making 

communities prevent effective knowledge exchange. Unlike conventional scientific 

dissemination, knowledge exchange is reciprocal (Kueffer et al., 2012) and encourages 

the co-production of knowledge (Reed et al., 2014). This particularly true when long-term 

relationships built on mutual trust and dialogue have been established. It represents a 

suite of methods and processes involving the sharing, producing, managing and 

brokering of knowledge (Fazey et al., 2012). Instead of trying to simply pass information 

or facts from one actor to another in one direction, knowledge exchange implies the 

transfer of tacit knowledge, made up of a combination of acquired logic, experience, 

values and heuristics (Kueffer et al., 2012). This requires communications that are tailored 

to the purpose, context, and participants involved (Fazey et al., 2012). These are best 

developed through personal interaction in an environment of mutual trust and 

transparency (Cash et al., 2003; Kueffer et al., 2012; van Kerkhoff and Lebel, 2006), so 

that actors can reflect on and operate with sensitivity to other value systems, framings 

and perspectives. Furthermore, allowing non-scientific actors to shape interactions 

challenges problem-orientated scientists to consider different conceptualisations and 

reflect on whether they are actually contributing to shared understanding and more 

sustainable decision-making (Mackay et al., 2015).  

 

1.2.3 Bridging the gap between science and decision-making  

Large knowledge gaps between environmental research, policy and decision-making are 

currently hampering the effective flow of information (Acreman, 2005; Cash et al., 2003; 

Liu et al., 2008). Despite advances in science and technology and the growing availability 

of information, environmental scientists and actors making decisions that impact on the 

environment, continue to exist in separate spheres (Cash et al., 2003; Lee, 1993; Reichert 

et al., 2007; van der Sluijs, 2007). Current approaches to environmental decision support 
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are disjointed and provider-driven and therefore, scientists are failing to integrate salient 

knowledge in a timely manner that can effectively inform decision-making. Scientists that 

attempt to support governance or policy processes can feel that their contributions are 

being disregarded, while decision makers often regard scientific evidence as out of reach, 

unintelligible and detached from real-world discourse (Liu et al., 2008; McNie, 2007). 

Water resource decision makers are required to make sense of highly complex issues and 

solve wicked problems under extreme uncertainty. While some audiences can deal with 

complexity and ambiguity, others could misinterpret uncertain messages (Spiegelhalter 

et al., 2011). Further consideration for, and investment in, communication processes at 

this interface is therefore required to help bridge these knowledge and conceptual gaps 

(Lorenz et al., 2015).  

 

1.2.4 Towards effective communication of useful and relevant information  

Effective communication at the science-decision making interface can lead to well 

informed decisions and also contribute to building trust in science (Pidgeon and 

Fischhoff, 2011; Taylor et al., 2015). Communication between scientific and decision-

making communities should also adhere to logics of accuracy, accountability, humility 

and transparency (Keohane et al., 2014; van der Hel, 2016). However, contributing 

knowledge that is useful to society is also a fundamental responsibility of the scientific 

community. Therefore, scientists need to find ways to convey relevant information, in a 

format that serves the recipient's own best interests (Fischhoff and Davis, 2014). It’s also 

important for science communicators to understand and anticipate (rather than exploit) 

their target audience’s natural emotional responses (Chapman et al., 2017). This can only 

be achieved if recipient needs are given explicit consideration during both the design 

process and are central to any subsequent appraisal. By gaining a more nuanced 

understanding of these principles, scientists can make informed judgements and decide 

on acceptable trade-offs when developing science communication products or directly 

interacting with non-scientific professionals (Keohane et al., 2014). 
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1.2.5 The power of effective visualisations 

Broadly, ‘visualisation’ applies to the process of making something seeable to the eye, 

and the subsequent output of that process. In this thesis, the terms ‘data visualisation’ 

and ‘visualisation’ are used interchangeably as umbrella terms to encompass all visual 

representations of data.  

Well-crafted visualisations have the unique ability to synthesise information that, 

if organised numerically or verbally, would have otherwise remained disparate (Kelleher 

and Wagener, 2011; Ware, 2013). Humans have evolved to detect patterns illustrated by 

the fact that 70% of our sense receptors are dedicated to vision (Few, 2012). 

Consequently, it takes the human brain far less mental effort and time to process 

information encoded within images, than it does comprehending text or looking through 

a spreadsheet (Card et al., 1999). Nevertheless, human perception is limited by the 

number of points and colours it can simultaneously detect (Ware, 2013). Understanding 

the distinct ways in which the human eye sees, and visual brain perceives and processes 

images will greatly improve the effectiveness of visualisation design (Cairo, 2013; Ware, 

2013).  

Effective visual design complements visual system functionality, making it easier 

for the eyes to detect, and the brain to perceive and understand data (Kosara, 2013). On 

these occasions, visualisations can provide some clear practical benefits. In the 18th 

century, Dr John Snow used a dot map (Figure 1), displaying the spatial distribution of 

deaths during the 1854 Cholera outbreak in London (Snow 1855). This simple visual 

display was effective as it showed large numbers of deaths clustered around the broad 

street water pump, providing powerful evidence that the outbreak (and therefore 

Cholera) was waterborne. When tailored to a specific context and audience, visuals can 

engage and influence people across intellectual, language and cultural barriers (McInerny 

et al., 2014). 
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Figure 1: John Snow’s map of the 1854 Cholera outbreak in London (Snow, 1855). 
 

1.2.6 Visualisations as tools for scientific engagement, collaboration and knowledge 

exchange within multi-actor water governance contexts 

Water governance presents us with multi-directional knowledge exchange contexts, 

wherein effective visualisations could help to engage marginalised actors, stimulate 

discussion, highlight different perspectives and enable users to reflect on their own 

conceptualisations. In addition, communicating visually has the potential to mitigate the 

need to simplify information, and reduce the likelihood of miscommunications (Tufte, 

1990; Vervoort et al., 2010). This is important in the context of water governance where 

there is a necessity to communicate complex and potentially uncertain information. 

Furthermore, interactive visualisations present opportunities to overcome the unique 

communication challenges posed by the high-dimensionality of hydrological information. 

In these ways, visualisations can be leveraged to enhance scientific engagement, 

collaboration and knowledge exchange within multi-actor water governance. Given that 

hydrologists are confronted with the need to support real-world decision-making, better 

understanding of visualisations and how they can be most effectively designed is 

essential.  
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1.3 Research aim and objectives  

In response to the clear knowledge gap presented above, the overall aim of this thesis is 

to explore how visualisations and the development of novel design approaches can be 

leveraged to enhance the flow of information and knowledge within multi-actor water 

governance. I study this in the context of Peruvian water governance. As part of an 

extensive literature review (see Chapter 2), I address the following research objectives: 

- To review the main principles of visualisation and specific graphical challenges for 

environmental science. 

- To develop a theoretical design framework for the production of effective 

visualisations within environmental decision-making.  

 

Using the water supply system of Lima (Peru) as a case study (see Chapter 3 and 4), I 

address the following research objectives: 

- To analyse how scale framings and policy storylines shape water governance 

processes. 

- To discuss how these storylines intersect, and related information is scaled, within 

circulated information and its effect on water resources decision-making. 

- To elucidate the potential added value of an iterative, user-centred and 

collaborative approach to developing tailored visualisations within multi-actor 

water governance. 

- To develop an empirically-driven methodology for designing and user testing 

visualisations within multi-actor water governance. 

 

1.4 Case selection  

This study was conducted as part of the UK Research Council funded MountainEVO 

project which aimed to explore how recent conceptual and technological innovations in 

environmental sensing and tool design could be leveraged to implement demand-driven, 

collaborative and multi-directional approaches to knowledge generation for the 

governance of mountain ecosystem services. I focus on the project’s Peruvian case study, 

located in the Andean community of Huamantanga, situated in the Chillón watershed, 

one of the rivers that provides water to Lima. Recently, several water-related projects 
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and scientific studies have taken place in the community to address not only locally 

perceived problems but also pilot a range of policy ideas to improve the sustainability of 

Lima’s water supply, restore ancient Andean water culture, conserve highland 

ecosystems and advance understanding of Andean hydrology. As such, this multi-actor 

governance context provides a relevant case study to explore the potential role of 

visualisations within an existing science-policy interface. I present insights from an 

analysis of a recent water governance process in the region, and the application and 

validation of a visualisation design methodology. 

 

1.5 Thesis outline  

All of the chapters are methodologically distinct, and the individual approaches are 

discussed in detail within each chapter. Chapter 2 reviews the main principles of 

visualisation, discusses specific graphical challenges for environmental science and 

highlights some best practice from non-professional contexts. It also provides a design 

framework to enhance the communication and application of scientific information 

within professional contexts. Chapter 3 analyses how scale framings and policy storylines 

shape a period of significant water governance reforms in Peru. I discuss how these 

storylines intersect and related information is scaled within circulated information and its 

effect on water resources decision-making. Chapter 4 reflects on an exploratory design 

study that develops and tests an iterative, user-centred and collaborative visualisation 

design methodology that can be applied in a range of environmental decision-making 

contexts. In the concluding chapter, I address my research aim and objectives, reflect on 

some lesson learned from conducting the co-design process, and present 

recommendations for future research. 
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CHAPTER 2: LITERATURE REVIEW AND DESIGN FRAMEWORK  

2.1 Introduction  

2.1.1 The environmental science-society interface 

Environmental science is an applied discipline so inevitably environmental scientists are 

confronted, directly or indirectly, with the need to interact with non-scientific 

professionals (RCUK, 2013; Rhoads et al., 1999). As environmental managers are under 

increasing scrutiny to make decisions based on highly complex and uncertain evidence 

(Fischhoff, 2011; Liu et al., 2008), they require a thorough and up-to-date understanding 

of current scientific thinking to inform their working process (Bishop et al., 2013). In 

response to this challenge, applied environmental sciences are becoming increasingly 

concerned with finding ways to enhance the flow and use of relevant scientific 

information within professional contexts (Sutherland et al., 2012). However, despite 

these advancements in research and the growing availability of scientific information, 

there remains a gap between scientific knowledge generation and non-scientific, societal 

application (Kirchhoff et al., 2013; Mikulak, 2011; Von Winterfeldt, 2013). There are a 

number of theories and debates that indicate why this might be.  

Firstly, many scientists continue to adopt the ‘linear’ or (information) ‘deficit’ 

model, assuming that increasing the production and unidirectional supply of ‘better’ 

information automatically leads to more understanding and better decision making 

(Fernández, 2016; McNie, 2007). Originating from Cold War science policy, this approach 

considers the advancement of science and linear flow of knowledge from scientist to 

decision maker essential to solving societal problems. However, extensive scholarly work 

from Science and Technology Studies (STS) (and psychological, social and behavioural 

sciences more broadly) has demonstrated that such an approach is ineffective because it 

misrepresents the complex and highly politicised relationship between science and 

society (Agrawala et al., 2001; Head, 2010; Pielke and Byerly, 1998). The linear model is 

particularly problematic when the evidence base is uncertain, or in highly contentious 

policy contexts where science cannot inform value-laden positions (Rapley et al., 2014). 

Secondly, research has shown that knowledge or ‘awareness’ only partially drives 

actions or behaviour (Ajzen and Fishbein, 1980; Bentler and Speckart, 1979; Fishbein and 

Ajzen, 1975). Instead, myriad psychology and sociology theories (e.g. Ajzen’s theory of 
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planned behaviour (1991)) maintain that actions are also shaped by other factors such as 

the relationship between an attitude and a related action (e.g. attitudes towards climate 

change and driving), normative pressures (e.g. family, culture), past or habitual 

behaviour (see Bentler and Speckart, 1979) and the directness of related experiences 

(Kollmuss and Agyeman, 2002). Ajzen’s model (1991) also implies that people may not act 

if they doubt whether they have sufficient understanding or ability to carry out a task 

(Opdam et al., 2015). Despite the existence of fundamental barriers that prevent a 

seamless science-society interface, further consideration for, and investment in, the 

communication process has the potential to enhance engagement and trust in science 

(Lorenz et al., 2015; Rapley et al., 2014).  

Currently, scientists that interact with non-scientists often feel that their 

contributions are ignored, while the latter complain that available scientific information 

is not tailored to their specific needs (Liu et al., 2008; McNie, 2007). Within the interface 

between science and society, indifference towards communication prevents 

comprehension, creates misunderstandings and inconsistent or bias messages (Demeritt 

and Nobert, 2014; McInerny et al., 2014), and will ultimately result in ill informed decisions 

and maladaptation in the future (Kirchhoff et al., 2013).  

Choices surrounding the communication of scientific knowledge to potentially 

interested non-scientific communities may also raise issues of a more ethical nature 

(Keohane et al., 2014). While some audiences will be able to deal with complexity and 

ambiguity, others may respond with confusion, suspicion or even a skewed perception of 

risk (Han et al., 2011; Politi et al., 2007; Spiegelhalter et al., 2011). Ineffective 

communication can result in audiences experiencing a distorted sense of certainty, 

leading to poorly informed decisions and diminished trust in science (Pidgeon and 

Fischhoff, 2011; Taylor et al., 2015). Scientists need to find ways to convey only relevant 

information and associated uncertainties in a format that serves the audience’s own best 

interests (Fischhoff and Davis, 2014). This does not simply mean shortening or 

paraphrasing conventional scientific outputs or reproducing existing graphs but rather a 

more fundamental shift in philosophy. Golding et al. (2017) recently attempted to convey 

real time seasonal precipitation/river flow forecasts to stakeholders from the 

hydropower industry in the Yangtze region of China. They produced a tailored document 

comprising of a summary box with headline probability statements about the coming 
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season, followed by a description of the scientific process and model reliability for more 

statistically proficient users. Such approaches are currently underrepresented within 

environmental scientific training. As a result, the expertise needed to convey not only 

accurate and useful information to audiences, but also an honest picture of current 

knowledge continues to elude most scientists.  

 

2.1.2 The role of visualisation 

Traditionally, the scientific community has used explanatory graphics and images to 

support scientific communication such as publications or conference talks; however, 

these figures are typically designed for audiences that are, to some extent, familiar with 

the underlying data or graphical form. Default design software can be crude and 

unhelpful, but scientists are rarely given training in how to develop visualisations, 

particularly for non-scientific contexts (Mclnerny et al., 2014). Until very recently, print 

was the only platform to visually present and analyse information, limiting our ability to 

interact with data and make sense of complex subject matter (Few, 2009). The advent of 

computer graphics, democratisation of data and advances in ICT have combined to shape 

modern visualisation (Few, 2009; Spiegelhalter et al., 2011).  

Today, data visualisations are ubiquitous, appearing in various technical (e.g., 

information visualisation, scientific visualisation and geographic visualisation) and 

functional (e.g., statistical graphics, information graphics and data journalism) 

orientations (Bishop et al., 2013). Analytical visual tools are increasingly being developed 

for scientific communities to analyse data and support cross-disciplinary work (Keim et al., 

2008). Graphic designers and cognitive psychologists have gained a better understanding 

of how we encode (represent information with graphical features) and decode 

(contextualise and interpret) visual information, respectively (Cairo, 2013; Harold et al., 

2016). Human computer interaction, user-centred design and problem-driven 

visualisation research are offering increasingly effective methods to develop and 

evaluate visualisation systems that explicitly consider real-world user requirements 

(Sedlmair et al., 2012).  

These research and technological developments in computing, psychology and 

design have fed into an increased valuation of visualisation that has, to a large extent, 

emerged as a response to the availability of ‘big data’. Unfortunately, this abundance of 
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information has not suddenly led to greater user understanding and uptake of science 

within decision making. Instead, it remains largely inaccessible and poorly aligned with 

user needs (Jacobs and Howarth 2017). Consequently, an informed visualisation design 

process centred around users should therefore be regarded as an essential part of the 

science-society interface (Lorenz et al., 2015; McInerny et al., 2014; Rapley et al., 2014).  

 

2.1.3 Aim and structure of the chapter 

Visual design considerations have received limited attention within environmental 

science literature. This chapter reviews the state-of the art of visualising environmental 

information, focusing on collaborative design approaches within non-scientific, 

professional contexts. Non-scientific contexts or audiences range from professional 

(non-scientific domain experts, policy makers, agricultural communities and other 

decision-makers) to non-professional (interested citizens and general audiences). I define 

a non-scientist or non-scientific audience as any end user unfamiliar with general 

scientific theory, methods or communication approaches. Although this chapter is 

explicitly framed around a subset of non-scientists that have an interest in applying 

scientific information in an occupational environment (non-scientific professionals), 

related research into visualisation for general (non-scientific, non-professional) audiences 

also informs the discussion. 

The following section provides an overview of the current conceptual thinking 

and approaches within the emerging and multidisciplinary field of visualisation. I review 

perceptual and design principles that I use later as a foundation for discussing 

visualisation applications within non-scientific contexts. While this information retains 

global relevance, I argue it is essential to consider not only visual perception, data type 

and graphical technique but also user characteristics and context during the whole 

design process. Section 3 outlines inherent challenges of visualising environmental data 

and the main contributions from environmental visualisation disciplines. In Section 4, I 

then summarise a range of visualisation approaches designed for general audiences since 

many of these principles can be adapted to non-scientific, professional contexts. Based 

on these discussions, Section 5 bridges visual encoding, decoding and contextual 

considerations within an informed design framework, particularly relevant for 
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environmental scientists intending to develop visualisation tools in collaboration with 

non-scientific, professional end users.  

 

2.2 Visual representations of data: a concise overview 

2.2.1 Different goals, contexts and practices  

Broadly, ‘visualisation’ applies to the process of making something seeable to the eye, 

and the subsequent output of that process. In this thesis, the terms ‘data visualisation’ 

and ‘visualisation’ are used interchangeably as umbrella terms to encompass all visual 

representations of data that primarily aim to facilitate the communication of information; 

aid understanding through presentation, exploration or analysis; and, in some non-

professional contexts, raise awareness and elicit affective responses (Bishop et al., 2013; 

Cairo, 2013; Few, 2009; Kosara, 2013a; Ziemkiewicz and Kosara, 2009). From a user or 

audience perspective, visualisations should increase understanding; and ultimately, 

enhance their ability to complete a task or make an informed decision (Cairo, 2013; Few, 

2009; McInerny et al., 2014). Secondary aims may relate to creating something 

aesthetically appealing. However, visualisations should not be considered as artworks 

but instead as carefully engineered tools (Cairo, 2013). These visual interfaces can be 

static displays of quantitative information, illustrations, maps or interactive technologies; 

accessed through a variety of print or digital medium (McInerny et al., 2014).  

As a subset of visualisation research, information visualisation (InfoVis) uses 

computer-based systems to provide interactive “visual representations of datasets 

designed to help people carry out tasks more effectively” (Munzner, 2014; p1). InfoVis 

scientists tend to focus on developing innovative techniques for exploratory 

visualisations that inherently require greater interaction and discovery by the user 

(Kosara, 2013a). These systems are usually designed for users with little prior knowledge 

that hope to gain a fresh perspective, discover interesting relationships or incrementally 

gain a better understanding of how their data are structured (Kosara, 2013a). In contrast, 

interactive visualisations developed explicitly for analytical reasoning (a field known as 

Visual Analytics, see Thomas and Cook, 2005) usually require users to have some prior 

understanding and to spend longer examining the data (Kosara, 2013a).  
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Statistical graphics (such as line charts, bar charts, scatter plots, histograms, box plots 

and pie charts) focus primarily on communicating quantitative information in the clearest 

way possible (Tufte, 2001). Commonly found in scientific or business contexts, this highly 

influential approach to visualisation prioritises accuracy and efficiency over aesthetics 

(Few, 2012). In contrast to the goals of statistical graphics, information graphics 

(infographics) often target general audiences by integrating decorative elements or 

narrative within designs. These visual displays, usually found in journalistic or public 

contexts, can include a combination of graphics (e.g., symbols, illustrations, maps, 

diagrams and charts), text and numbers. The most effective examples tend to be easy to 

read and visually appealing (Kosara, 2013a). Unlike InfoVis, that ask the user to interact 

with fluid information, infographics and statistical graphics are visual representations 

that communicate known or fixed data (Ziemkiewicz and Kosara, 2009). Similarly 

embedded within visualisation, scientific visualisation aids understanding of scientific 

data using figurative and pictorial visual representations, ranging from tornados to 

human bones (Few, 2009). Unlike other forms of visualisation, scientific visualisations try 

to ‘take a picture’ of a physical form, rather than getting audiences to decode a visual 

language (Ziemkiewicz and Kosara, 2009).  

Every visualisation, to varying degrees, conveys data and allows users to play with 

and scrutinise underlying information. Although some academics have tried to embed 

different definitions within visualisation, it is perhaps more helpful to imagine a 

continuum with presentation and provision of answers at one end, and exploration and 

the raising of questions at the other (Cairo, 2013; Samsel, 2013). In some contexts, the 

communication process takes precedence; in other more analytical contexts, user 

interactivity and experience is critical to the production of an effective tool (Bishop et al., 

2013). Ultimately, the criterion for judging a visualisation should not be determined by 

any one disciplinary approach but by considering the specific user characteristics, 

communication context and visualisation goals.  

 

2.2.2 Fundamental principles of visual perception and graphic design  

Visual perception theory supposes that nothing in graphic design should be considered 

arbitrary (Williams, 2008). Ideally, data presentations should guide a user’s attention 

through the most salient information quickly, without the need for text-based 
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explanations or additional elements to direct the reader. Originating at the Berlin School 

of Experimental Psychology in the early twentieth century, Gestalt psychological theory 

and associated grouping principles (i.e. proximity, similarity, enclosure, continuity and 

connection) determine some of the ways in which the human brain aggregates objects. 

Inspired by Gestalt theory, C.R.A.P. (an abbreviation for Contrast, Repetition, Alignment 

and Proximity) principles can draw the reader’s attention to salient information, help 

organise information quickly and give readers a clear structure to follow (Williams, 2008).  

Gestalt grouping and C.R.A.P. design principles take advantage of the visual 

brain’s ability to detect basic differences without effort (referred to as preattentive 

processing) (Treisman, 1985; Ware, 2013). By creating salience (a contrasting quality or 

state relative to its surroundings) through such preattentive graphical features (such as 

Colour/Hue, Size, Orientation, Shape), certain aspects of a visual display can appear to 

‘pop out’ from the screen or page (Wong, 2010). These mechanisms are used by 

designers to lower cognitive load, enhance pattern detection and perceptual inference, 

and ultimately solve problems more efficiently (Meirelles, 2013; Wertheimer, 1959; Wong, 

2010). (For a more detailed summary of these fundamental principles, concepts and 

some practical graphic design advice, see Kelleher and Wagener 2011; Meirelles, 2013; 

Williams, 2008 and a series of ‘Points of View’ columns written by visualisation experts in 

Nature Methods1). 

 

2.3 Visualising environmental data  

2.3.1 Environmental visualisation science and application 

The potential for visualisation in assisting environmental scientists and promoting 

interdisciplinary communication is a distinct and emerging field of research (Rink et al., 

2014), supported by visualisation science2 . Within environmental visualisation, the 

advanced fields of geographic visualisation (geovisualisation) and geovisual analytics 

emerged partly as a response to static constraints, but also to support the increasing 

need to communicate complex environmental processes to a wider audience (Bohman et 

al., 2014; MacEachren, 1994; MacEachren and Monmonier, 1992). This multidisciplinary 

                                                        
1 http://blogs.nature.com/methagora/2013/07/data-visualization-points-of-view.html (last accessed 27.10.17). 
2 http://www.informatik.uni-leipzig.de/bsv/envirvis2016/ (last accessed 27.10.17). 
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field integrates techniques from InfoVis, scientific visualisation, exploratory data analysis, 

visual analytics and cartography, with an emphasis on supporting geospatial analytical 

needs through the use of interactive tools (Dykes et al., 2005). Perhaps one of the 

differences between geographic and environmental visualisation is the need to 

incorporate more strongly the temporal domain. However, it is now possible for instance 

to use interactive spatial maps with sliders as a useful way to show seasonality of 

environmental processes, such as streamflow. As a result of these advances, visualisation 

applications within applied environmental research are beginning to emerge particularly 

within geological, climate change, sustainability and landscape planning contexts 

(Ballantyne et al., 2015; Bohman et al., 2014; Sheppard, 2012; Wibeck et al., 2013), and to 

support environmental decision-making and management (Arciniegas et al., 2013; Bishop 

et al., 2013; Eide and Stølen, 2012; MacEachren et al., 2011).  

While environmental visualisation science has created opportunities for more 

intuitive applications of environmental research, usability and contextual challenges still 

remain. These types of systems often display redundant information which may reduce 

cognitive efficiency (van Lammeren et al., 2010). Although some studies are beginning to 

integrate stakeholder-oriented approaches (see Arciniegas et al., 2013; Eide and Stølen, 

2012; Lorenz et al., 2015; Michener et al., 2012; Robinson et al., 2012), many fail to fully 

engage with the user perspective, preferring to rather focus on the technical aspects 

(McIntosh et al., 2011).  

 

2.3.2 Environmental data types 

Arguably, environmental data are as diverse as any other scientific discipline, and may 

share visualisation challenges from related disciplines such as chemistry, physics, and 

mathematics. However, the representation or ‘mapping’ of geographical or spatial 

information is fundamental to numerous environmental disciplines. 2D representations 

of 3D surfaces (commonly known as maps) require consideration of projection, scale and 

symbolisation (Meirelles, 2013). Unlike displays of quantitative or abstract information, 

static spatial representations traditionally attempt to accurately represent physical 

characteristics of the Earth (e.g. rivers and mountains). Maps are often assumed to be 

the best way to display geospatial data, even when other design approaches offer more 
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clarity. In fact, poorly considered maps can create biased scientific messages and restrict 

a user’s ability to scrutinise the underlying data and processing (McInerny et al., 2014).  

In terms of temporal data, the time series graph is commonly used to visualise 

chronological change (Aigner et al., 2007; Muller and Schumann, 2003). It is particularly 

useful in communicating climate information such as precipitation and temperature to 

scientists as well as non-scientific audiences. However, data that combine spatial and 

temporal dimensions (i.e. spatiotemporal datasets) are very common in environmental 

sciences and applications. Because of their high-dimensionality, these pose unique visual 

communication challenges particularly when both space and time dimensions change 

simultaneously, such is the case within hydrological sciences (e.g. soil moisture and 

precipitation). Representing changes in both time and space using a conventional 2D 

map therefore requires reducing one or more dimensions, e.g. by slicing or averaging 

(Meirelles, 2013). Deciding on which dimension(s) to reduce requires careful 

consideration of the nature of the pattern (e.g. a sequence of maps vs. a space-averaged 

time series). 

 

2.3.3 Visualising environmental uncertainty 

The importance of uncertainty in environmental data and the need to communicate 

those uncertainties effectively has received considerable attention in recent literature 

(Beven, 2009; Beven et al., 2012; among many others). Traditionally, mapping or 

encoding techniques assume that all data is free from uncertainty (Brodlie et al., 2012). In 

fact, without an explanation of the reliability of data, maps are solely dependent on 

designer intuition and decision-making (e.g., projection, coordinate system, references 

and datum) (McInerny et al., 2014).  

Visualisation of spatial uncertainty has attracted attention in the geovisualisation 

community (Kinkeldey et al., 2014; MacEachren et al., 2005), and is especially useful for 

decision-makers conducting spatial analyses. Within flood risk management for instance, 

mapping of inundation model outputs and knowledge deficiencies can help decision-

makers understand any potential spatial planning implications and associated 

uncertainties (Beven et al., 2014). There are numerous graphical techniques available for 

visualising spatial uncertainty, such as colour schema, fuzziness and transparency (Benke 

et al., 2011). However, the existing data-driven approach to uncertainty visualisation fails 
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to consider specific user needs and task requirements (MacEachren et al., 2005). In fact, 

Kinkeldey et al. (2014) argues for the development of empirically-based typologies and 

guidelines applied within different task-based visualisation contexts (e.g., communicative, 

analytical and exploratory).  

While graphical statisticians and computer scientists have developed multiple 

ways to incorporate uncertainty within 2D visualisations (see Pang et al., 1997; Shrestha, 

2014; Spiegelhalter et al., 2011), perceptual challenges remain when a third dimension is 

added (Brodlie et al., 2012). For example, primary axes within conventional maps are 

solely determined by the spatial dimensions of primary data, limiting capacity to 

integrate effectively additional variables (Kaye et al., 2012; McInerny et al., 2014). 

Furthermore, crisp contour maps or 3D isosurfaces run the risk of conveying a misleading 

impression of reality (a process known as Cartohypnosis) (Boggs, 1947; Boggs, 1949; 

Buttenfield and Beard, 1994).  

Assessments of temporal uncertainty are often associated with forecasting and 

probabilities (Brown, 2010). Visualising forecast uncertainties and associated probabilities 

is thought to increase user trust (Joslyn and LeClerc, 2012; Roulston et al., 2006), 

although increased visual representation of uncertainty does not automatically lead to 

better decisions (Greis et al., 2015). Professional users have been found to prefer 

receiving probabilistic information from familiar formats such as ‘likelihood’ maps (Figure 

2) or representations of forecast ‘spread’ (e.g. fan charts and error bars), as opposed to 

displaying discrete categories (Taylor et al., 2015). By providing alternative future 

conditions, choices and possibilities, scenario planning and analysis are useful tools to 

deal with uncertainty (Pereira et al., 2010; Reilly and Willenbockel, 2010), especially in an 

era of uncertain trajectories of global change (Polasky et al., 2011). Presenting a range of 

possible outcomes and no-regret options can help decision-makers understand the 

inherent uncertainty of scenario projections (van Soesbergen et al., 2014). These 

scenario-based visualisation techniques have been developed around a wide range of 

environmental issues, such as water quality (Brouwer and De Blois, 2008), flooding 

(Chang et al., 2007), land-use (Dockerty et al., 2006), socio-ecological systems (Reed et 

al., 2013), and even environmental problems at multiple scales (Pettit et al., 2012). 
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Figure 2: The National Oceanic and Atmospheric Administration’s (NOAA) 2016 temperature outlook 
representing the probability (percent chance) of an abnormally warm or cool summer (NOAA, 2016).  
 

While uncertainty visualisation for trained audiences is well studied (Ibrekk and Morgan, 

1987), empirical evidence exploring how visually displayed uncertainty information is 

interpreted and used by non-scientists has only recently gained attention (Greis et al., 

2015). For interpretation of more sophisticated displays of uncertain statistical 

information (e.g. survival curves); users or audiences require instruction that may not be 

feasible in some communication contexts (Lipkus, 2007; Spiegelhalter et al., 2011). Recent 
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experimental studies found that user performance varied depending on glyph type and 

that users often ignored uncertain-based information when making decisions (Padilla et 

al., 2015). In addition, factors such as numeracy, user comprehension, visual appeal and 

familiarity may be more significant than visualisation type or the degree of uncertainty 

presented (Greis et al., 2015; Tak et al., 2014).  

 

2.4 Lessons from general, non-professional contexts  

Scientists can learn from designers that professionally communicate environmental 

information in a range of contexts. To this end, this section explores visual design 

techniques used within journalistic, cultural and residential contexts, highlighting some 

innovative examples that have successfully informed or affected general audiences. All 

three contexts share casual (as opposed to highly analytic, work-based) characteristics 

that, although diverge from this chapter’s focus on professional tasks and uses, offer up 

insights into the importance of understanding user needs and context of use throughout 

the design process.  

 

2.4.1 Journalistic contexts 

The advent of the internet has revolutionised the way in which news is accessed and 

consumed. As a result, media outlets are increasingly employing data journalists to 

communicate important stories either through static infographics or interactive tools 

that can be read and scrutinised (Cairo, 2013). These visual ‘articles’ aim to primarily 

inform readers, and so, data journalists do not strive to create something aesthetically 

pleasing as an end in itself (Few, 2011). In the same way that written news articles aim to 

facilitate maximum comprehension, journalistic visualisations achieve beauty through 

the ease with which information is communicated. As is the case with all visualisations, 

understanding brain mechanisms and presenting information in a way that complements 

visual system functionality is fundamental to good data journalism (Cairo, 2013).  

Building on general Gestalt theory, graphical journalists will often draw a reader’s 

attention to the most salient aspect of a data story by presenting or arranging graphical 

elements in a perceptually advantageous manner, a concept referred to as visual 

hierarchy. Structural devices such as narrative, titles, typography, annotation, repetition 
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and grid-based layouts are tools that can be used to effortlessly guide the reader through 

a visualisation (Figure 3). Unlike exploratory visual tools that might suit scientific policy 

advisors, some non-scientific users need to be provided with explicit directions to help 

them navigate visualisations (Gough et al., 2014b; Heer et al., 2012), and because of this, 

data journalists focus on optimising form and structure before considering colour or style 

(Cairo, 2013). This approach is closely related to visual storytelling techniques that help to 

guide users through an infographic or interactive tool.  

Studies suggest that general audiences find stories more engaging and easier to 

comprehend than traditional rationale-based approaches to science communication 

(Bruner, 1986; Dahlstrom 2014; Green 2006). As a result, media practitioners regularly 

rely on narrative formats to gain the attention of their audiences and provide context for 

the news (Cairo, 2013). Narrative-based and interactive graphics have arisen from the 

need to help information-hungry audiences make sense of increasingly available, yet 

highly complex information (Cairo, 2013; Figueiras 2014; Segel and Heer 2010). A recent 

interactive article about Hurricane Patricia in the New York Times demonstrates the 

power of concise visual storytelling (Figure 4). Given that the general public receive most 

scientific information through mass media, they are likely to have already come into 

contact, and be predisposed to engage, with such journalistic approaches (Dahlstrom, 

2014). Segel and Heer (2010) introduced three genres of narrative-based visualisation 

commonly used by data journalists, which balance elements of author-driven (relying 

heavily on linear structures and author messaging) and reader-driven (giving readers 

complete freedom to explore) visualisation (Figure 5). However, there is currently 

limited empirical evidence to indicate how best to integrate elements of visual 

storytelling, let alone where, when, why and for whom techniques are most effective 

(Figueiras, 2014; Lee et al., 2015). 
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Figure 3: ‘Giant Waves’, an infographic created for Brazilian news magazine Epoca, illustrates how 
structural devices can be used by data journalists to guide readers (Cairo, 2013). 
 

 

Figure 4: Visual storytelling within a journalistic context. This map screenshot of Mexico’s Pacific coast is 
from a New York Times interactive graphical article titled “Visualizing the Size and Strength of Hurricane 
Patricia” (Aisch et al., 2015).  
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Figure 5: Narrative-based visualisation genres (adapted from Segel and Heer, 2010). 
 

2.4.2 Cultural contexts 

Visualisation art or artistic visualisation involves mapping data to an image but unlike 

other types of visualisation, aims to create novel art and in some cases, interest in a 

subject (Gough, 2014; Kosara, 2013a; Viégas and Wattenberg, 2007). The artwork’s 

aesthetics have the power to facilitate meaningful experiences and allow audiences to 

personally engage with the underlying data (Gough, 2014). Artists, environmental 

scientists and InfoVis scientists are beginning to collaborate on art-based visualisations 

that aim to communicate scientific data to broader audiences; helping in the long term to 

raise questions, elicit emotions, or promote behavioural change around a scientifically-

related societal challenge (Gough et al., 2014a; Samsel, 2013). Art/science collaboration is 

mutually beneficial as both parties are able to discover new approaches to design and 

offer up contrasting interpretations of the world. This should also ensure that the design 

is visually novel, and the scientific message is conveyed accurately. One particularly 

elegant example is ‘Wind Map’ by two co-leaders of Google’s data visualisation group, 



 
 

37 

designer Fernarda Viégas and mathematician Martin Wattenberg. This rich data-driven 

artwork uses visual motion to show hourly surface wind forecasts over the US, either as a 

real-time interactive tool (Viégas and Wattenberg, 2016), or as snapshot images in time 

(Figure 6). Designed for non-scientists, this playful visual tool has been adopted by 

enthusiasts to assist with numerous leisure activities and exhibited in world-leading 

galleries (Gough, 2014). 

 

 

Figure 6: ‘Wind Map’ (March 21, 2012) by Fernanda Viégas and Martin Wattenberg. This artistic map 
represents an historical snapshot of wind flowing over the contiguous United States (Viégas and 
Wattenberg, 2012). 
 

2.4.3 Consumptive contexts 

Innovative visualisation systems are now being developed to inform everyday decision-

making (Pousman et al., 2007). Providing effective feedback on residential resource use 

may contribute to a more environmentally sustainable society (Rodgers and Bartram 

2011). Advances in sensing and pervasive computing technologies enable the integration 

of such information within the home. However, screen-based interfaces traditionally 
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used in work environments require significant effort and attention, and therefore are not 

appropriate to support everyday activities (Rodgers and Bartram, 2011). Artistic and 

ambient visualisations provide an alternative way to communicate this information to 

resource users in a personally meaningful manner. By sensitively integrating aesthetically 

pleasing and usable point-of consumption feedback devices throughout the home, 

residents subconsciously become aware of real-time changes in their consumption, 

informing future behaviour (Figure 7). User studies suggest that aesthetically pleasing, 

abstract designs induce positive emotions in participants, unlike representations of the 

environment that often produce feelings of guilt (Rodgers and Bartram, 2011). However, 

this study’s findings indicate that no one approach works for everyone, and that some 

users may still prefer traditional numerical representations (Rodgers and Bartram, 2011).  

 

 

Figure 7: The Ambient Canvas is an LED-based prototype embedded within a kitchen backsplash to inform 
residents of their household water use (photographed here on the left). On the right, morning (top), 
afternoon (middle) and evening (bottom) snapshots show how the display changes or ‘fills’ over time as 
more water is used (Rodgers and Bartram, 2010). 
 

2.5 A design framework for visualisation in non-scientific professional 

contexts 

This section synthesises best practice from multiple disciplines that have the potential to 

improve visual communication and application of scientific information within a variety 

of non-scientific, professional contexts. These guiding principles are intended to address 

common misconceptions and provide a foundational framework that attempts to bridge 

visual encoding, decoding and contextual considerations for applied environmental 

researchers. Although presented in a linear fashion with some stages relying on 

outcomes from previous actions, the whole design process should be highly iterative 
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(Sedlmair et al., 2012). I have organised the guidelines into four distinct phases presented 

here chronologically. However, revisiting and gradually refining earlier ideas and 

understanding is encouraged (Sedlmair et al., 2012). New opportunities are also 

highlighted, although I am not suggesting that these approaches will work in all contexts, 

but merely that they are tools to consider when constructing tailored visual strategies. 

This set of guidelines assumes that a preliminary communication context and problem 

has already been identified, and that the visualisation designer intends to inform or 

encourage understanding, rather than persuade users.  

 

2.5.1 Preparation phase 

The following considerations focus on the integration of end users and experts within 

the design process and are adapted from a problem-driven visualisation framework 

devised by Sedlmair et al. (2012). Their methodology draws on lessons from their own or 

other real-world design studies to provide practical guidance on this topic from the fields 

of human computer interaction (HCI), social science and software engineering. It is 

important that these preliminary steps are taken before any task characterisation or 

encoding begins. 

 

An iterative, user-centred design approach 

User-centred design (UCD) is a framework, originating from product and software 

development, whereby user characteristics (needs, wants and limitations) are given 

explicit consideration throughout the whole design process (Beyer and Holtzblatt, 1998). 

When defining, developing and testing a visualisation system, end user consultation 

helps the designer learn about the domain expert’s background, expertise, behaviour, 

goals, as well as their work environment and familiarity with technology (potential 

context of use) (McInerny et al., 2014).  

To establish user requirements within a UCD approach, a combination of 

interview and observational methods are often used. Visualisation design studies3 are 

                                                        
3 "A design study is a project in which visualization researchers analyze a specific real-world problem faced 
by domain experts, design a visualization system that supports solving this problem, validate the design, 
and reflect about lessons learned in order to refine visualization design guidelines."(Sedlmair et al., 2012; 
p2432)  
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particularly successful when researchers try to become familiar with the end user’s real-

world environment by observing them in their workplace and occasionally interrupting 

them to gain clarification (an approach known as contextual inquiry (Holtzblatt and 

Jones, 1993)) (Sedlmair et al., 2012). Just talking to users is not enough because what 

they say they do or need fails to generate a complete picture of the user’s real-world 

situation (Sedlmair et al., 2012). Fully implementing a UCD approach requires an iterative 

design process involving prototype usability testing and an evaluation of tool efficacy 

from the user’s perspective. If this approach is taken, visualisation designers must strive 

to achieve a balance between too few, lengthy iterations and too many, rapid ones. 

Otherwise, this can lead to fatigue, unreliable feedback and ultimately, indifference 

towards the process. Furthermore, it is essential that researchers learn just enough to 

characterise the visualisation problem and user; rather than adopting a full ethnographic 

approach, that takes so long, the need for the visualisation elapses. 

Apart from these general guidelines and potential pitfalls, there is currently 

limited empirically-based practical guidance for conducting problem-driven visualisation 

research. Within HCI and social science there has been a conspicuous absence of 

generalisable, off-the-shelf methodologies, yielded from design study experiences. 

Therefore, further experimentation, within real-world decision-making contexts, is 

needed to help identify near-optimal design study frameworks (Sedlmair et al., 2012).  

 

A participatory co-design process  

Participatory Design is an extension of UCD and requires active involvement of end users 

and other stakeholders within a co-design process (McIntosh et al., 2011; Robertson and 

Simonsen 2012). To improve the likelihood of long-term adoption, visualisation designers 

should attempt to collaborate with potential end users throughout the whole design 

process (Karpouzoglou et al., 2016; Lorenz et al., 2015). Insights from a truly collaborative 

design process also have the potential to strengthen and shorten information exchange 

and pathways between domain experts and information providers in the long term 

(McInerny et al., 2014). However, it is important to consider that not all collaborations 

are beneficial, and care should be taken not to commit to the process prematurely 

(Sedlmair et al., 2012).  

 



 
 

41 

Collaboration with other scientific disciplines and designers 

Gathering and processing environmental data is central to environmental science but 

creating visual representations of data may require additional expertise. Advances in 

communication technology make it possible for researchers from various disciplines to 

collaborate on projects (Buytaert et al., 2014). Just in the same way that creating music 

requires experts in composing, playing and instrument making, visually communicating 

data effectively could benefit from collaboration between scientific and creative 

expertise (Gough et al., 2014b).  

As environmental scientists, we should look outside of our disciplinary boundaries, 

by consulting experts not only in visualisation systems but also the arts, social sciences, 

computer sciences, HCI, user experience design and interface design (Gabrys and Yusoff 

et al., 2012; McInerny et al., 2014; Vervoort et al., 2014). Real-world experiences and 

principles from practitioners familiar with targeting and working with non-scientific 

audiences could inform collaborative attempts by environmental scientists (e.g. citizen 

science activities). By combining different techniques from different disciplines, solutions 

can be found that would have otherwise been unreachable (Kosara, 2013a).  

 

2.5.2 Development phase 

A successful development of visualisation systems requires continuous problem 

characterisation and a continuously evolving understanding of how the intended 

audience thinks and their contextual requirements (Gough, 2014; Ziemkiewicz et al., 2012). 

I suggest conducting the following actions before the encoding phase, although not 

necessarily in the order presented below.  

 

Identification of potential user group 

From the outset, it is important to make contact with and select a realistic target user or 

user group. This might comprise of specific policy makers, civil servants, decision-makers 

from multiple levels of society, as well as private stakeholders or farmers. It is worth 

remembering, however, that prematurely committing to a target user or user group and 

their requirements is a common mistake made by design studies, often resulting in 

wasted time and effort (Sedlmair et al., 2012).  
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Identification of a real-world visualisation need 

Designers should attempt where feasible to become familiar with the target user’s 

context of use and professional challenges (see also following step ‘definition of user 

characteristics’) in order to ascertain whether and how visualisation can enable sufficient 

and relevant insight. Existing information sources and successful decision-making tools 

should be identified early on, as target users are unlikely to try something new if they 

already have something that works well or displays similar capabilities (Sedlmair et al., 

2012). Furthermore, the potential added value of a visualisation-based solution should be 

determined from the start. In many cases, a well-structured sentence or numerical 

representation can more concisely convey the intended message. When aiming to 

continuously support decision-making processes, clarification of a long-term user 

requirement will need to be identified to fully validate the operational tool.  

 

Definition of user characteristics  

Within visualisation research, the significance of user characteristics (i.e. user cognitive 

abilities, personality traits and domain expertise) on visualisation effectiveness is 

becoming increasingly understood; and, as a result, tailored approaches within decision-

making environments are increasingly acknowledged as advantageous (Conati et al., 

2014). Design features and forms need to be sensitive to the diversity of user expertise 

and reasoning processes even within user groups (MacEachren, 2005; McInerny et al., 

2014). Large user groups or audiences in particular, will have different cultural, 

institutional and disciplinary backgrounds and this must be considered throughout the 

design process. Scientists might be able to make certain assumptions when creating 

graphics for a scientific audience. If, however, the audience is new to the subject matter 

or unfamiliar with the graphical form or medium of the device, they may feel 

overwhelmed. In this case, including graphical explainers or legends within a tool could 

make comprehension easier. At the same time, it is important not to patronise an 

audience by underestimating their ability. When creating visualisation-based systems for 

a group of ‘policy-makers’ or ‘decision-makers’, environmental scientists should resist the 

temptation to assume or generalise user expertise without prior investigation. For 

example, policy makers do not all share the same understanding of statistical or scientific 

methods (Mastrandrea et al., 2010). In such a situation, it might be appropriate to 
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introduce a switch option, allowing users to select scales, locations and scenarios that 

best match their expertise and context (Buytaert et al., 2014).  

 

Definition of a culturally and functionally appropriate graphical and collaborative medium 

When trying to connect and communicate a complex dataset or uncertain model outputs, 

a computer-based system offers a lot of options with regard to user-computer 

interaction and immersion (Karpouzoglou et al., 2016). Environmental scientists should 

find out early on whether a computerised tool is the most suitable means of interaction. 

Some non-scientists are unfamiliar with computer interfaces and may require substantial 

training and time to familiarise themselves with the system before they obtain equal 

benefit. A hand drawn sketch might, in some setting such as outdoors, be the most 

practical and cost-effective means of communication. Some visual forms suit a private 

user environment whereby users can interact with data in a tailored environment such as 

a web application, while other approaches work better when presenting to small or large 

audiences. Despite the clear benefits and the speed of technological change, 

environmental scientists should remain cautious and humble about the potential to 

develop computer-based visualisations, particularly in remote developing contexts. This 

is an area of research that needs a lot more methodological experimentation (see 

Karpouzoglou et al., 2016). 

 

Development of visualisation objectives and functionality 

It is essential to not only encode data in an appropriate manner but also to ensure that 

intermediate visualisation goals and ultimate outcomes are considered from the start 

(Spiegelhalter et al., 2011). Successful design also requires sensible estimation of what 

success constitutes and entails (Lipkus and Holland, 1999; McInerny et al., 2014). 

Adopting a UCD approach is central to these activities because communicating 

information that serves no purpose for the intended audience is a fruitless endeavour. 

Unlike other visual forms, visualisation is primarily “an expression of purpose”4 . 

Understanding what you intend to achieve should help to parametrise the design 

                                                        
4 Charles Eames quoted in an interview with Digby Diehl “What is Design?” published in Progressive 
Architecture vol. 71 n. 2 (February 1990), 122. 
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approach and features (Gough et al., 2014b). For example, clarifying tool functionality 

helps to determine the extent to which a visualisation system should be explanatory or 

exploratory which, in turn, is essential before elaborating on the graphical form, 

structure or style. Broadly, visualisation systems assist completion of a specific task or 

generate useful insight towards solving a longer-term problem. From an environmental 

science perspective, visualisation functions range from descriptions of a physical process 

to gaining insights that can be applied to potential decision-making scenarios. When 

designing static graphics that primarily intend to inform readers, visualisation designers 

could, for example, validate early ideas by asking questions such as: 

- Does function require presentation of several data variables? 

- Does function require the reader to compare? 

- Does function require the reader to quantify? 

- Does function require the reader to detect correlations or relationships? 

 

Potential for interactive and web-based technologies  

It is believed that information-processing can be improved through greater interaction 

(Parsons and Sedig, 2011), and web technologies provide considerable potential in this 

field (Sundar, 2004). Due to the advent of smartphones and tablets, non-scientists are 

becoming increasingly familiar with web-based, interactive devices and interfaces. This 

popularity could be leveraged by scientists as a way to reach multiple audiences and 

enable them to dissect and scrutinise science in an accessible and appealing format 

(McInerny et al., 2014). Interactive and web-based technologies can be understood in at 

least two ways.  

The first category relates to interaction between end users and the visualisation 

system. Recent advances in data science and interactive web technology enable the 

users to not only passively receive the information, but also acquire information in a 

reactive or proactive way (Heller et al., 2001; Spiegelhalter et al., 2011). The emergence of 

visual analytic techniques has created opportunities for intuitive user exploration and 

highly dynamic and adaptable displays. Interactive elements and tools such as select, 

zoom, sort and filters in the interactive visualisation system make it easier to view and 

manipulate very large environmental databases (Heer et al., 2012). The emergence of 
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visual analytic techniques has created opportunities for intuitive user exploration and 

highly dynamic and adaptable displays.  

By allowing personal or collaborative exploration, interactive visualisations 

generate insight, and aid formation and testing of hypotheses that were previously 

unknown (Buytaert et al., 2014). Interactivity allows users to ‘learn by doing’, developing 

a personalised mental model of what may have originally been a diverse and highly 

complex dataset (Beddington, 2011; Karpouzoglou et al., 2016). These tools enable users 

to explore particular aspects and put relevant information into their own world view 

(Beddington, 2011; McInerny et al., 2014; Segel and Heer, 2010). They also have the 

capacity to incorporate multi-dimensional data that would have previously been 

challenging to integrate.  

When targeting diverse audiences, interactive tools can include optional 

explanations and hyperlinks, and help users explore multiple representations 

(Spiegelhalter et al., 2011). They are not just fixed products but a means by which users 

can gradually and intuitively undergo transformations (Woodward et al., 2015). In 

contrast, traditional static approaches can create a disconnect between the information 

provided and the end user’s decision environment. While graphics frame data stories, 

interactive visual tools let users drive stories for themselves.  

Secondly, it is important to consider interactions between a diverse range of 

information providers and users. Visual communication is not always a one-way process, 

from information provider to user. A visualisation system with high levels of social 

interactivity may allow end users to re-create the visual representation based on existing 

work or their own data, and interact with colleagues and collaborators (Heller et al., 

2001). Information provider and user sometimes have a blurred boundary, and the 

communication process is usually two-way or even multidirectional among a number of 

players (McMillan and Hwang, 2002), especially if the visualisation system is incorporated 

into social network or online collaboration platforms (Ariel and Avidar, 2015). For 

example, web-based systems with chat capabilities provide shared visual spaces for 

multiple collaborators to exchange immediate feedback and co-design in real-time 

(Buytaert et al., 2014; Karpouzoglou et al., 2016). Constructive interactions between 

providers and individual users will improve the process of dissemination, knowledge 

production and real-world application (Kirchhoff et al., 2013). These developments can be 
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leveraged by applied environmental scientists as a way to target non-scientific 

stakeholders. However, understanding when and how to integrate interactivity requires 

careful consideration of user requirements and tool functionality. 

 

Embedding visualisation in a narrative context 

While using anecdotal evidence within empirical research is often viewed as unscientific 

or even manipulative (Katz, 2013), considering less formal, narrative principles when 

designing visualisations can make complex, scientific information more comprehensible, 

memorable and credible to unfamiliar audiences (Dahlstrom, 2014; Ma et al., 2012). This is 

exemplified by the gapminder project (Rosling, 2016), an interactive visualisation tool 

that allows users to explore socio-economic statistics through time, creating a tailored 

data story (Figure 8).  

 

 

Figure 8: Interactive bubble chart from the gapminder project, showing the relationship between how long 
people live and much money they earn. Each circle (bubble) represents a country. The bigger the circle the 
higher the population. The circle colours correspond with the four main world regions. The play button and 
subsequent animation allows users to view changes in the data since 1800 up until 2015 (Rosling, 2016). 
 

When targeting non-scientific audiences, scientists could consider creating digestible and 

relatable visual stories that focus on a particularly salient subset of scenarios and data 

sources, rather than every aspect of the scientific story (Krzywinski and Cairo, 2013; Ma 

et al., 2012; McInerny et al., 2014). Figure 9 illustrates how a narrative-based approach 
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can be particularly effective at communicating environmental stories over time. These 

type of visualisations (commonly referred to as ‘small multiples’) comprise a series of 

graphics, laid out in gridded plots, displaying data slices or categories with the same basic 

design structure (Tufte, 2001). Plotting some data together can result in unclear, or 

worse still, misleading representations. Combining graphs in this way takes advantage of 

the brain’s ability to immediately compare and see changes, patterns or differences in 

information (Heer et al., 2012). Readers can easily see differences, rather than having to 

retain a picture in their mind and rely on their working memory. 

 

 

Figure 9: Narrative-based infographic from the Los Angeles Times, using small multiples to show weekly 
changes in Californian drought in 2016. This periodically updated web article contains 231 maps dating back 
to the beginning of the drought (Kim and Lauder, 2016). 
 

Visualisations may need to guide users or audiences through the data and instruct them 

on how the image should be read, helping to build and ideally retain an understanding of 

the underlying data structure (Gough et al., 2014b). Emphasising narrative within a 

visualisation allows users to create linkages with new knowledge and in many cases, 
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build emotional connectivity within the communication process (Karpouzoglou et al., 

2016). Nevertheless, when adopting techniques that ordinarily target general audiences 

(e.g., embellishments, storytelling and metaphor), scientists within professional contexts 

should take into consideration the potential emotional response of the user and the 

perceived legitimacy and credibility of the tool. Moreover, without careful consideration 

of data framing or disproportionate affective responses, non-scientific users can 

potentially interpret ‘data stories’ in a plethora of ways (Katz, 2013; Kosara and Mackinlay, 

2013).  

 

2.5.3 Visual encoding phase 

After establishing an understanding of visualisation aims and user needs, the encoding 

and presentation process can begin. From the outset, it is important to be aware of the 

potential impact encoding choices can have on the user or audience. Every graphical 

feature affects the readability of data. For static visualisations that are primarily aiming to 

present data, it is especially important to try to optimise the encoding process as much 

as possible. In contrast, interactive encoding needs to withstand a more adaptable 

design space.  

 

Abstraction of relevant data to encode  

Understanding the audience, context of use and visualisation goals, will help determine 

what data are most relevant for visual encoding. For example, how comprehensive and 

precise the scientific understanding needs to be. Available data and information that 

could be particularly relevant or helpful, should be determined in consultation with end 

users. Scientists should also aim to select accurate and easily updatable datasets. 

 

Pre-agreed success criteria when deciding on visual form 

Even with a good understanding of perceptual design principles, deciding on an effective 

graphical form for a given task is not always straightforward. Common sense, familiarity 

and experience may suggest that times series charts are the clearest way to convey 

change over time. Similarly, one might expect bar charts to be very effective at 

comparing quantities and scatter charts at displaying correlation. However, given the 

range of visualisation functions, there are inevitably exemptions. Graphics that improve 
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comprehension are different from those that induce behavioural change, or equally, 

users find attractive (Anker et al., 2006; Spiegelhalter et al., 2011). There might be various 

ways to clarify data but pre-defining and revisiting the purpose of the tool or 

representation will help to narrow the possibilities. Hence, visualisation form depends on 

the task it is intending to help with (Cairo, 2013). Ultimately, when deciding on the type 

of visualisation, designers should always consider their objectives and audience needs 

(i.e. overall functionality) (Cairo, 2013).  

 

Appropriate selection of form and colour  

Despite its importance within environment-related graphical communication (Sherman-

Morris et al., 2015) and the emergence of tools such as colorbrewer (Brewer and 

Harrower, 2016), colour continues to be used inappropriately. Default or arbitrary colour 

schemes are often selected based on intuition, rather than perceptual principles. For 

example, rainbow colour schemes are very popular within environmental science, 

despite being highly problematic and misleading (Borland and Taylor, 2007; Light and 

Bartlein, 2004; Silva et al., 2011) (Figure 10). For a detailed explanation of rainbow colour 

scheme misuse, refer to a blog post by Robert Kosara (Kosara, 2013b). 
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Figure 10: An identical equivalent potential temperature (ºC) analysis at 700 hPa from the European Centre 
for Medium-Range Weather Forecasts (ECMWF). The primary task for the reader would be to identify 
frontal zones. Two meteorological products: A rainbow-type map with colour gradients that could actively 
mislead users, particularly those unfamiliar with the subject or task (A). A redesigned map using a diverging 
colour scheme and a sensible colour scheme, resulting in more efficient pattern recognition and user 
understanding (B) (Stauffer et al., 2015). 
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Figure 11 exemplifies the perceptual benefit of monochrome bar charts particularly when 

accurate comparisons of numerical data are the reader’s primary goal (Cairo, 2013). To 

reduce the risk of inappropriate colour use, use form attributes, such as position and 

shape, before changing colour hue or intensity. Intensity is a general term that applies to 

two separate colour attributes: brightness and saturation (Few, 2012) (Figure 12). When 

trying to present spatial differences in sequential data, a single hue with low intensity 

corresponding with low values, and the same hue with high intensity representing high 

values is recommended (Harrower and Brewer, 2003; Kelleher and Wagener, 2011) 

(Figure 13). To convey contrasting high and low values relative to an average value, 

consider diverging colours with intense hues at both ends of the colour scheme 

(Harrower and Brewer, 2003; Kelleher and Wagener, 2011) (Figure 10B; Figure 14). Within 

a medical context, Borkin et al., (2011) evaluated the effect of different visualisation 

approaches on heart disease diagnosis. This user study shows that visualisation 

approaches can have a significant impact on user understanding and decision making. In 

this particular case, 2D visualisations were more accurate and efficient than 3D 

representations and diverging (versus rainbow) colour schemes caused fewer diagnostic 

mistakes. 

Categories are best represented using contrasting colour hues at equal intensity 

(Harrower and Brewer, 2003; Kelleher and Wagener, 2011). It is also important to 

consider, and if possible follow, cultural or natural connotations of specific colours based 

on the target audience. For example, western audiences may link the colour red with 

danger while for Chinese audiences this may imply good fortune. Representing high 

temperatures in red and low temperatures in blue is a typical example of natural 

connotation use (Silva et al., 2011). When representing data that relates to a visible object, 

selecting the corresponding colour is likely to quicken user recognition. For example, 

data corresponding with blueberries should be encoded in blue (Lin et al., 2013) (Figure 

15). 
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Figure 11: Encoding the same data using three graphical forms: bars (top), areas (middle) and colour 
saturation (bottom) (Cairo, 2013). 
 

 

Figure 12: Three attributes of colour: Hue (top), saturation (middle) and brightness (bottom).  
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Figure 13: Using one colour hue and a sequential scheme is recommended when mapping quantitative data 
(Kelleher and Wagener, 2011). 
 

 

Figure 14: Using contrasting colour hues and a diverging scheme is recommended when mapping data with 
average or important midway values (e.g. 0 °C) (Kelleher and Wagener, 2011). 
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Figure 15: Take advantage of existing colour recognition when encoding categorical data (Lin et al., 2013). 
 

Visual clarity and beauty in functionality 

Design solutions are often most effective when a lot is communicated with little, 

focusing on beauty in terms of clarity and functionality (e.g. the ‘Keep It Simple, Stupid’ 

(KISS) design principle). Similarly, beauty should be seen as an indicator of functionality 

and truth rather than purely aesthetics (Cairo, 2013).  

Technique-driven projects often fall back on familiar ‘novel’ approaches at the 

expense of usability (McIntosh et al., 2011; Sedlmair et al., 2012). Overloading the user 

with elaborate graphical cues, or requiring them to decode complex visual puzzles limits 

understanding, heightens the risk of perceptual stress, and can inadvertently distract 

them from the core data messages (McInerny et al., 2014; Tufte, 2001). Users unfamiliar 

with certain domain-specific graphical conventions or those ordinarily put-off by 

technical content, are likely to engage better with a well-crafted, sympathetic graphics 

than figures with excessive shapes, colours and textures (Krzywinski, 2013). Although 

recent advances in user interface design and computer graphics has brought many 

possibilities, too many animations or flashy components can obscure data meaning.  

Visualisation designers should aim to recreate the structure and meaning of the 

data in an engaging and memorable way (Manovich, 2011). Information or data should be 

visually conveyed in a clear and intuitive manner, without over-simplifying or dumbing-

down the overall message (Bishop et al., 2013). If the underlying information is 



 
 

55 

sufficiently novel, designers should avoid sensationalising the data, focusing on UCD 

choices instead (Gough et al., 2014).  

Within science, embellished graphics can be perceived as being detached from 

the underlying data (Kosara, 2013a), giving prominence and, therefore, advocating 

particular information (Pidgeon and Fischhoff, 2011); or as a diversionary tactic away 

from the ‘hard’ science. Nevertheless, engagement and accuracy should not necessarily 

be seen as mutually exclusive outcomes. In a pure science communication context, for 

example, aesthetics might be worth considering if striving to create something 

memorable that will help to spread awareness about a specific scientific challenge 

(Borkin et al., 2013). However, an attractive image cannot qualify as an effective 

visualisation if it does not accurately convey anything meaningful or credible (Holmes, 

1984; Kosara, 2013a).  

Cairo (2013) describes how to achieve visual clarity by graphically highlighting 

particularly relevant aspects of the data, while keeping secondary information in the 

background to see the overall trend (Figure 16). While it is important to exclude data that 

is irrelevant to the user’s professional culture or decision scenarios, presenting tailored 

relationships and comparisons in context with other less relevant data, may deepen 

overall meaning for the user (Cairo, 2013; Heer et al., 2012).  

 

 

Figure 16: The difference between displaying a complete dataset (left) and highlighting only the relevant 
(right). 
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Tailoring to target audience needs and context  

Tailoring adheres to user heterogeneity, and accepts that visualisation comprehension 

and interpretation are highly dependent on user perceptions and capabilities (Harold et 

al., 2016; Lorenz et al., 2015). Parachuting default or familiar techniques into displays or 

tools irrespective of the intended target, encourages complacency and heightens the risk 

of misinterpretation. As I have argued for earlier in this chapter, effective (e.g., usable, 

useful and relevant) visual communication tools within professional contexts should be 

customised, based on an understanding of user characteristics, as well as the potential 

context of use (Figure 17) (Hawkins et al., 2008; Lorenz et al., 2015). Such an approach 

enhances an audience’s or user’s ability to contextualise what could otherwise be 

interpreted as highly abstract and inactionable scientific information (Karpouzoglou et al., 

2016; Lorenz et al., 2015; Spiegelhalter et al., 2011).  

 

 

 

Figure 17: Two bar charts, visualising an identical precipitation time-series, tailored for a farmer (top) and a 
scientist (bottom). The lack of a Y axis label on the top graph is deliberate: For farmers, displaying the 
relative values and general trends are often more useful; for a scientist, the actual values are the priority. 
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Development of a broad range of throw away mock-ups, sketches and prototypes 

User-centred visualisation designers should find inspiration from wireframing and rapid 

software prototyping (from the fields of HCI and software engineering, respectively); 

and focus on developing a large quantity of simple ideas with a broad consideration 

space, rather than trying to generate an optimal solution within a small space (Sedlmair 

et al., 2012) (Figure 18). They should continually reflect and challenge whether the tool is 

likely to fulfil its intended purpose. Keeping an ‘agile’ approach to prototype 

development allows designers to adapt outputs as user needs change (Sedlmair et al., 

2012).  

 

 

Figure 18: An example of a wireframe sketch often used within a UCD approach to develop a large quantity 
of conceptual ideas (kindly provided by Zed Zulkafli and Simrita Shaheed). 
 

Incorporation of uncertainty-based information 

Inherent uncertainty and associated assumptions within environmental data are 

challenging to communicate with conventional graphics (see Section 3), and are 

therefore often overlooked when communicating to non-scientific audiences (Beven, 
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2012; Buytaert et al., 2014; Olsson and Andersson 2007). While there are many design 

solutions that may appeal to non-scientists, it is essential that visualisation systems 

within professional contexts retain scientific integrity (McInerny et al., 2014). For 

example, omitting uncertainty and traceable links to data and models may improve the 

overall aesthetic, but such oversimplification is likely to undermine the tool’s credibility 

as a decision support system. This is particularly relevant when the derivation process of 

knowledge is not fully understood or if it becomes perceived as non-trustworthy (Benke 

et al., 2011).  

When visually communicating uncertainty to a broad audience, graphics need to 

be sufficiently attractive to gain and hold attention (Spiegelhalter et al., 2011). Designers 

often integrate elements of narrative or metaphor within presentations to achieve this 

(Spiegelhalter et al., 2011). However, an overemphasis on aesthetics may emotionally 

‘affect’ or appeal to audiences to the extent that they are left with a false impression of 

truth, rather than interpreting the display as a function of expert judgement and 

incomplete knowledge (Gough et al., 2014a; Nicholson-Cole, 2005; Spiegelhalter et al., 

2011). Extra dimensionality can also be incorporated within more complex glyphs that are 

designed using a variety of perceptual features (McInerny et al., 2014). By combining 

numbers, words and visual elements, data journalism and infographic design offer novel 

approaches to conveying uncertainty; for example, leveraging perceptual principles 

within word clouds or tree maps to represent probabilities for discrete events with 

multiple outcomes (Spiegelhalter et al., 2011). More general best practices include: 

acknowledging known ignorance and limited data quality; assuming users or audiences 

have low scientific literacy; avoiding designer cognitive bias (Pappenberger et al., 2013); 

reducing the risk of user-induced inferences by making explicit comparisons; and 

providing an option for audiences to access an additional, more detailed 

acknowledgement of information limitations and uncertainty (Spiegelhalter et al., 2011).  

 

2.5.4 Analysis and evaluation phase 

Conventional, technique-driven visualisation systems end with the production of a final 

artefact or tool seemingly ready for use. However, I argue that reflexivity and analysis are 

essential steps within an iterative, UCD approach. 
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Reflection on whether data is being communicated accurately and honestly  

Graphical excellence must truthfully and accurately reflect the information attempting to 

be conveyed (Kelleher and Wagener, 2011; Tufte, 2001). Consequently, how a user 

interprets visual information should to be taken into account during the whole design 

process. Non-persuasive visualisations need to convey ignorance, together with 

knowledge, to provide the most truthful representation of current scientific 

understanding (Fischhoff et al., 2013; Kelleher and Wagener, 2011; Keohane et al., 2014; 

van Soesbergen et al., 2014). It is critical within customisable interactives, for example, 

that user-driven selections of scale, location and scenarios match their expertise and 

context without losing the overall scientific message of the dataset (Katz, 2013; 

Krzywinski and Cairo, 2013; McInerny et al., 2014). That is to say, users should always be 

able to trace the visual patterns back to the data to be considered an effective 

visualisation (Kosara, 2013a). Unlike scientists that in theory exclusively rely on logic, real-

world decisions are inevitably emotional (Gough et al., 2014b; Pfister and Bohm, 2008). 

As a consequence, visualisation designers must acknowledge the affective response their 

visualisation could stir up in end users and make the necessary adjustments. Persuading 

users, or introducing bias by overstating the value of certain information conveyed 

should also be avoided within a professional environment (Bishop et al., 2013). For 

example, misleading maps can potentially generate bias in audiences’ perceptions. 

Potential bias or misinterpretation created along a chain of (re)users will also need to be 

considered (McInerny et al., 2014). If communicating results or interacting with non-

scientists is done without sufficient care, initial impressions can potentially become 

permanent misunderstandings (Buytaert et al., 2014). It is therefore important to 

understand these inaccuracies and make allowances throughout the design process. 

 

Consideration of how the target user perceives the tool and whole intervention 

To ensure the visualisation is read and scientific knowledge generated is ‘put into action’, 

visualisation designers should also consider how the end user perceives the tool and 

design process. The interface between environmental science and society is enhanced 

when visualisation-based systems (White et al., 2010), data sources (Cash et al., 2003) 

and the whole development, design and implementation process (Jones et al., 2014; Liu 

et al., 2008) are perceived as: 
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- Credible: dependable, unbiased, accurate and of high quality.  

- Legitimate: conforms to user’s professional norms, useable, transparent. 

- Salient: relevant to the professional context. 

 

A reflexive, iterative and inclusive design process that allows users and other stakeholder 

to continuously critique progress is vital to enhance the likelihood of such attributes. 

Agreeing-upon and following a work plan and communication goals, from the outset, can 

also enhance the legitimacy of the process (Jones et al., 2014). However, in reality, when 

dealing with a diverse range of professionals, trade-offs in achieving these three 

attributes are highly probable given political and institutional pressures common in such 

contexts (Liu et al., 2008; White et al., 2010). 

 

Evaluation of whether the tool and whole intervention has been effective 

Visualisation systems within professional environments should be understandable, 

usable, efficient and useful (i.e. achieve their purpose and aims) (Bishop et al., 2013). That 

is to say, effective visualisations are effortlessly understandable, while remaining 

sensitive to user characteristics and context of use. Within field-based design studies, 

these criteria could be used to evaluate tools and representations, out of which should 

emerge common principles of visualisation design to apply within similar communication 

contexts. Testing for user understanding by asking people to read and interpret graphics 

need not drain time and resources (Harold et al., 2016). Unfortunately, within 

environmental science, visualisation effectiveness is rarely assessed by target users or 

audiences; either during an iterative design process or after the whole intervention. The 

few empirical studies that do exist suggest that even identifying the most effective 

representation for a given task, not to mention justifying this judgement, is extremely 

challenging (Bishop et al., 2013; Lorenz et al., 2015). For example, decision-makers tend to 

favour graphics and interaction techniques that they have experience of and believe they 

understand, rather than representations they can more effectively decode (Lorenz et al., 

2015). Even within what might appear to be homogeneous groups, comprehension and 

preferences vary (Lorenz et al., 2015). 
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2.6 Concluding remarks and future research directions 

Effective visualisations are vital when trying to synthesise and communicate intangible 

(multi-dimensional, multi-scale, complex or abstract) information to audiences unfamiliar 

with the subject matter (McInerny et al., 2014; Meireles, 2013). However, the risk is real in 

many professional contexts that visualisation systems fail to engage end users, by 

focusing on model and data integration at the expense of knowledge exchange and the 

provision of usable tools. This chapter draws attention to a broad range of visualisation 

techniques and approaches, and develops a design framework that has the potential to 

enhance the flow and use of scientific information within professional contexts. Ideally, 

an informed design process should balance the integration of salient and credible 

scientific information with explicit consideration of:  

- Data encoding (how to best visualise the data?),  

- User decoding (how to enhance end user understanding?)  

- Tool usability (how to ensure ease-of-use?)  

- Tool efficacy (how to ensure credibility, legitimacy, relevance and useful?).  

 

When targeting diverse professional audiences, or users with limited scientific expertise 

and experience, adopting a highly iterative, UCD approach could better ensure the 

creation of tailored visualisations (Lorenz et al., 2015; McInerny et al., 2014; Spiegelhalter 

et al., 2011). First and foremost, information providers and tool designers should 

collaborate more with end users, as well as multi-disciplinary expertise throughout the 

whole design process (Lorenz et al., 2015; McInerny et al., 2014). Extensive 

experimentation of co-designed tools and empirical user testing of visualisation systems 

may help to identify visualisation design principles applicable to tools for environmental 

decision-making (Harold et al., 2016).  

Such a comprehensive approach has the potential to provide wider benefits. From 

the scientist's perspective, involving non-scientific end users within the design process 

help us to better understand the analytical scales and trade-offs within environmental 

policy decisions (White et al., 2014). In contrast, participatory design can help to 

demystify data, improving transparency and increasing confidence in scientific methods 

and outcomes (Karpouzoglou et al., 2016). Ultimately, simultaneous exchange and 
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integration of knowledge within an iterative and collaborative design process will help to 

legitimise both scientist and user outcomes (Buytaert et al., 2014). Expanding the applied 

science toolbox towards the user provides huge opportunities for environmental 

researchers to step out of their comfort zone and challenge their assumptions when it 

comes to their role in science dissemination and application. However, greater 

understanding of different techniques and consideration of how, when and why to use 

these tools is vital to ultimately enhance the scientific community's ability to engage non-

scientific audiences. 
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CHAPTER 3: THE DEVELOPMENT AND INTERSECTION OF HIGHLAND-

COASTAL SCALE FRAMES: A CASE STUDY OF WATER GOVERNANCE IN 

CENTRAL PERU 

3.1 Introduction 

In the early sixteenth century, the Spanish conquistadors established Lima as the capital 

city of Peru. Located on the banks of the Rímac river, this region was chosen due to its 

proximity to the Pacific Ocean and land route to the Atlantic Ocean (Hemming, 1993). 

Today, the Lima-Callao Metropolitan Area (hereafter referred to as Lima) covers nearly 

3000 km2 (Weissinger, 2011) and represents a third of Peru’s total population (INEI, 2007). 

It sprawls from the coast upstream along the Rímac and, more recently, the 

neighbouring Chillón and Lurín valleys. Receiving on average less than 10mm of rain per 

year (SENAMHI, 2009), the city relies on seasonal Andean flows for its water supply 

(SUNASS, 2015). Up in the Andean highlands water is no less important. In the agro-

pastoralist community of Huamantanga, located in the upper Chillón watershed, farmers 

depend on irrigation water for their crops and grazing land for their cattle. In 2015, 

restoration of a pre-Incan infiltration canal in this community caught global media 

attention with the Guardian headline: ‘Peru harnesses ancient canal system to tackle 

Lima water shortage’ (Collyns, 2015). In this coastal region, increasing urban demand for 

water, environmental degradation and uncertain future climatic conditions present 

major water governance challenges (Aguilar-Barajas et al., 2015), and these challenges 

cut across different scales.  

The scale-level at which water governance issues are defined, a process known as 

scale framing (Van Lieshout et al., 2011), makes an important difference to how problems 

and solutions are understood. Complex environmental policy issues increasingly play out 

between different groups of actors, with diverse priorities and knowledge bases, 

interacting with each other across multiple scales (Buizer et al., 2011; Cash et al., 2006). 

For example, water users often have different views about the meaning, direction and 

purpose of water governance (Lebel et al., 2005; Moss and Newig, 2010). As a result, 

actors vary considerably in the scale-levels at which they frame water issues (Van 

Lieshout et al., 2011). In the watersheds surrounding Lima, this diversity of scale framings 
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is particularly evident in the interplay between highland water users (such as the 

community of Huamantanga), actors concerned with supplying drinking water to the 

coastal urban population (such as Lima’s water utility), and local and international non-

governmental organizations (NGOs) working in the watersheds. Within these framings, 

scale is frequently referred to both explicitly, within the information gathering and 

production of boundary objects circulated among actors, but also more informally during 

negotiation processes (Cash et al., 2006). Therefore, the role of scale framing needs to 

be considered to better understand how information is co-produced during complex 

water governance interactions and negotiations. 

In this study, I aim to strengthen the understanding of how scale framing defines 

the nature of water governance in Peru. I focus particularly on the role of relationships 

between highland communities and coastal urban actors in shaping water-related policy 

storylines between 2004-2015. My analysis starts in 2004 with the introduction of 

Integrated Water Resource Management (IWRM) into Peruvian water governance 

discourse, and culminates in 2015, with Lima’s water utility committing to invest 1% of 

their income from urban consumer tariffs (~$22 million) on conservation-based 

watershed interventions (Gammie and De Bièvre, 2015). It is a particularly interesting 

time to conduct such an analysis in this region given how highland-coastal relations have 

recently been re-shaped by this major reform period and the growing interest in ‘green 

infrastructure’ development in Latin America (Veiga Calvache et al., 2015).  

Securing water to meet increasing urban demands is a high policy priority in Lima 

and has been in part reinforced by current administration efforts to secure so called 100% 

service coverage (Ioris, 2015). While the idea that Andean water resources will need to be 

better conserved in order to avoid future shortages is becoming more prominent, the 

debate around how exactly water will become secured remains a subject of negotiation. 

This makes it particularly interesting and relevant to explore how water governance 

frames come together in policy storylines, how they are scaled and how they intersect 

with other storylines to provide legitimacy and support for specific policy directions.  

I will first discuss the framing and scaling literature that informs my analysis of 

recent Peruvian water reforms. Subsequently, I describe the water governance context 

of my case study and detail my data sources and methodological approach. The fourth 

section describes the results, analysing distinct water-related frame dimensions that 
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recur during the period 2004-2015. I use policy storylines as the analytical lens to reveal 

how these frame dimensions intersect over time. Additionally, I relate policy storylines 

and frame dimensions with a timeline of important moments in the process to explain 

how, during these moments, particular storylines emerge and develop over time and 

which actors shape their construction. Five frame dimensions and three policy storylines 

are presented and described. The final section discusses storyline intersections, how they 

were supported by particular visualisations, and their effect on water resources decision-

making during this period. 

 

3.2 The role of scale framing and information in water governance 

3.2.1 Understanding the notion of scale  

The conceptualisation and significance of scale has been extensively studied in the 

environmental governance literature and is particularly relevant for water governance 

(Dewulf et al., 2011; Moss and Newig, 2010; Ward and Kaczan, 2014). However, different 

studies apply different meanings to the concept of scale (Gibson et al., 2000; MacKinnon, 

2011; Padt and Arts, 2014; Papanastasiou 2016; Van Lieshout et al., 2011). From an 

objectivist perspective, ‘scales’ are dimensions (e.g. spatial, temporal) used to describe 

and compare phenomena, and ‘levels’ are different points, locations or analytical units 

along a scale (adapted from Cash et al., 2006; Gibson et al., 2000; Van Lieshout et al., 

2011).  

The hydrological scale is particularly relevant to water governance: the watershed 

and larger or smaller sub-catchments thereof enjoy widespread status as suitable scale-

levels to organize IWRM, for example in the EU water regulatory system (Moss and 

Newig, 2010). Jurisdictional and institutional scales (Cash et al., 2006), along which 

administrative levels and formal and informal rules are organized, often match poorly 

with hydrological scales. Even when scale-levels for water management are defined in 

hydrological terms, the range of watershed sizes makes agreeing on an appropriate 

starting level challenging (Dewulf et al., 2011).  

The growth of hydrology and river engineering has resulted in focusing on hydro-

geographical units such as a sub-catchment or whole watersheds. For example, the 

creation of the EU’s Water Framework Directive and its catchment districts has 
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legitimised the watershed as the appropriate level on the water system scale for 

management. This intervention has altered power geometries, to the benefit of those 

capable of acting across the new water management scale and scale-levels (Moss and 

Newig, 2010). These hierarchies, are often treated as objective ‘truths’ or ‘real’ entities 

(Buizer et al., 2011). Objectivists, therefore, seek to define a ‘correct’ scale of governance 

as an unequivocal value, based on scientific consensus (Guerrin et al., 2014; Termeer et al., 

2010).  

However, if scale is understood as a socially constructed phenomenon, then the 

way in which different social actors focus on particular water-related themes (e.g. 

ecological, hydrological, agricultural) and not others becomes important (Buizer et al., 

2011; Guerrin et al., 2014; Rangan and Kull, 2009). In contrast to the objectivist 

perspective, this chapter takes the constructivist position that scales and scale-levels are 

not self-evident but, to a large extent, socially constructed (Marston, 2000). This issue is 

important for water governance as biophysical/hydrological scales play a prominent role 

within the dominant management configuration: the watershed (Moss and Newig, 2010).  

 

3.2.2 Scale framing and ‘politics of scale’ 

We can better understand how social construction of scale takes place through a focus 

on framing (Leitner, 2004). According to Entman (1993), ‘to frame is to select some 

aspects of a perceived reality and make them more salient in a communicating context, 

in such a way as to promote a particular problem definition, causal interpretation, moral 

evaluation, and/or treatment recommendation for the item described’ (p. 52). This 

process enables social actors to interpret and make sense of contentious issues and 

deploy these perspectives when interacting with others throughout a policy process 

(Van Lieshout et al., 2011). In this way, frames drive behaviour and social interaction 

(Chong and Druckman, 2007). During a framing process, social actors may also 

consciously or subconsciously select a scale, and level on that scale, to frame a water 

governance issue, based on their specific worldview or interest in the issue at stake 

(Guerrin et al., 2014). This then becomes part of the ‘scale framing’ process, which has 

considerable policy implications. For example, if a water scarcity issue becomes defined 

within a governance process as a local problem, this may imply that support from higher 

levels of governance is not to be expected. Conversely, if the construction of a water 
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transfer system becomes defined as an issue of national interest, local concerns may be 

overruled.  

Actors may have an interest in using their relative power and authority to 

promote certain scales or scale-levels above others, resulting in certain scale frames 

becoming more or less dominant within political negotiations (Leitner, 2004). This 

process, known as politics of scale (Jonas, 1994, Delaney and Leitner, 1997), or scalar 

politics (MacKinnon, 2011), involves actors continuously restructuring power and 

responsibilities (Kurtz, 2003; Leitner, 2004; Van Lieshout et al., 2011). In other words, 

actors use scale and scale-levels within their framing of an issue as political devices to 

negotiate an advantageous position for themselves (Padt and Arts, 2014; Termeer and 

Kessener, 2007; Van Lieshout et al., 2011). For example, scales and levels may be used to 

position oneself close to certain actors while, in other cases, far from (control by) the 

centre of power. These processes can be seen within a continuous feedback loop of 

negotiations, whereby framing influences the way in which problems are defined; which 

in turn, influences which actors are included, resources accessed and issues prioritised 

within future policy processes (Dewulf et al., 2011; Termeer and Kessener, 2007; Van 

Lieshout et al., 2011). Furthermore, these situations are a result of diverging knowledge 

claims and interests, all with associated uncertainties and contentious approaches to 

scaling (Guerrin et al., 2014). As a recent JEPP special issue on framing puts it: ‘the 

political construction of environmental issues (...) is anything but neutral’ (Feindt et al., 

2017, p. 113). 

I use the concept of policy storylines as lenses to analyse how frames come 

together and are communicated to other actors during water governance processes. 

Unlike a broader discourse, policy storylines argue for certain issues to be understood 

and addressed in a particular way (Fisher, 2012; Smith and Kern, 2009). These condensed 

narratives emerge when elements of framings become distilled within a particularly 

coherent and compelling story, argument or metaphor (Hajer, 1995; Smith and Kern, 

2009). I am particularly interested in how coalitions of actors build consensus around 

policy storylines, close off alternative policy options and position themselves under 

influential institutions during governance processes.  
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3.2.3 Scale framing, information and knowledge 

Any piece of knowledge or information implies a particular scale frame while, at the same 

time, any scale frame creates the need for particular types of knowledge or information. 

Cash et al. (2006) introduces the notion of positioning knowledge along a scale ranging 

from large-scale, universal understanding produced by formal science down to context 

specific understanding embedded in local or traditional knowledge systems. During 

policy processes, actors frequently scale issues while gathering, repackaging and 

circulating information that matches their framings. As a result, what is included or 

excluded and where boundaries are drawn within circulated information 

(communications) is often indicative of this sense-making process. Visual representations 

of information (e.g. data visualisations, illustrations, maps) are a particularly powerful 

and widespread way to communicate among actors and therefore are useful artefacts to 

better understand how information presented is being scaled at different moments 

during governance processes (see Chapter 2; Karpouzoglou et al., 2016; Zulkafli et al., 

2017).  

 

3.2.4 Specific research questions  

This chapter is guided by the following research questions:  

 

Overarching question: How do scale framings and policy storylines shape Peruvian water 

governance during a water reform period between 2004 and 2015?  

 

I address the overarching question through the following four sub-questions:  

- What scale frames and policy storylines characterize the water governance 

process?  

- How do these scale frames and policy storylines develop and intersect over time? 

- What are the effects of these intersections? 

- How is information related to these storylines being supported within particular 

visualisations? 
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3.3 Method 

3.3.1 Overall approach 

I adopt an interpretive approach to analyse how scale framing and policy storylines 

shape Peruvian water governance over time. ‘Interpretive’ is an umbrella term 

incorporating multiple schools of thought such as phenomenology, hermeneutics, 

symbolic interactionism, ethnomethodology, and pragmatism (Yanow and Schwartz-

Shea, 2006). This social research paradigm assumes that the world can be understood in 

multiple ways (Yanow, 2000; Yanow and Schwartz-Shea, 2006) and acquired knowledge 

is understood as the product of an interpretation process (Van Bommel, 2008; Yanow, 

2007). Interpretive research tries to understand policy making or governance processes 

by focusing on how “people, or groups of people, give meaning to specific events (Van 

Bommel 2008)” (van Lieshout, 2014). I selected this approach as a way to interpret scale-

related meanings (or scale frames) constructed by different actors at different moments 

during a recent reform period.  

In line with this approach I adopted a longitudinal, multi-sited case study design, 

collecting participant observations and semi-structured interviews with key water actors 

in Lima and the highland community of Huamantanga. Interviews are a particularly 

valuable data source as they allow the researcher and respondent to jump between 

different moments in time and uncover perspectives (e.g. frames) on an issue that 

cannot be observed (Erlandson et al., 1993; Yin, 2009). I also analysed sources of 

secondary evidence from relevant media articles and grey literature published during the 

study period. This allowed me to infer when different water-related frame dimensions 

and policy storylines were adopted and, by which actors, operating at which scales. I 

focus on the communicative side of policy storylines, thereby gaining a deeper 

understanding of what is being communicated between policy actors. I do not attempt 

to connect individual actors with individual frame dimensions or storylines but rather use 

the concepts of frames, storylines and scale frames to distil key patterns that then allow 

me to interpret particular developments in the 2004-2015 reforms. Storylines are 

constructed as an intermediary step, and as a technique to streamline the analysis and 

make it more meaningful when discussing scale and framing concepts. I also analyse 

visualisations related to these storylines to better understand how information was 
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scaled during the study period. By identifying distinct water-related frame dimensions 

and differently scaled policy storylines at the beginning of the results section, I prepare 

the ground for being able to discuss how different actors deal with these different 

frames and storylines in the subsequent timeline reconstruction.  

 

3.3.2 Overview of case studies: Highland-coastal interconnections in central Peru 

My case study analysis focuses on two sites: a highland community that retains strong 

geographical, social and economic ties with Lima and the coastal city of Lima itself.  

 

Highland agricultural water users  

The agro-pastoralist community of Huamantanga is located in the Andean province of 

Canta, north-east and about a four-hour drive from Lima (Figure 19). The upper sub-

catchments that supply the community with water resources are located in the 

headwater of the Chillón watershed. The village of Huamantanga itself is situated at 3400 

meters above sea level but its territory spans from 1600 to 4600 metres above sea level. 

Counting around 600 inhabitants, of whom 116 are active (registered) farmers (Vila 

Benites, 2014), Huamantanga depends on the natural resources within its territories, 

particularly for raising livestock for cheese production. Historically, agro-pastoral 

activities had been concentrated close to the community and in lower areas with more 

moderate climatic conditions, however the search for pastures (particularly in the dry 

season) has led to farmers extending their activities into the higher pastures. The 

resulting overgrazing and degradation of the pastures is believed to have had negative 

effects on water retention locally and potentially on a regional scale (Bremer et al., 

2016a). Recently, several water-related projects and studies have been conducted in the 

community to address not only locally perceived problems but also provide a test bed for 

a range of policy ideas and framings that connect activities in Huamantanga with the 

sustainability of Lima’s water supply, restoration of ancient Andean water culture, 

conservation of highland ecosystems and improved understanding of Andean hydrology. 

As such, this community is significant within water discourse in the region and therefore 

provides a relevant case study to explore scale framing as it relates to highland-coastal 

relationships. 
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Figure 19: The geographical context of Lima, the Chillón, Rímac, Lurín and Mantaro watersheds and 
Huamantanga. 
 

Coastal urban water users 

Historically, Lima has been dependant on Andean flows from the Chillón, Rímac and Lurín 

watersheds. However, since the 1960s, an increasing component of Lima’s water 

resources originates from the upper Mantaro watershed (a headwater of the Amazon). 

Through a system of lagoons and a trans-Andean tunnel, water is diverted underneath 

the Pacific-Atlantic continental divide into the upper part of the Rímac watershed. As a 

result, downstream water demand from Lima has severely reconfigured the Rímac’s 

hydrological regime resulting in an inextricable link between the dry coastal lowlands and 

wetter Andean highlands of central Peru.  

Unlike the national picture where agriculture dominates, the majority of water 

withdrawals in the Rímac watershed are by Lima’s state-owned water and sewage 

company SEDAPAL (Servicio de Agua Potable y Alcantarillado de Lima). Water demand in 

the city is projected to grow in the future, due to both urbanisation and internal 
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population growth (Miranda Sara et al., 2016; SUNASS, 2015). SEDAPAL’s predominant 

response to this perceived threat has been to invest in large-scale ‘grey infrastructure’, 

augmenting water supply through the construction of dams and reservoirs in the upper 

Rímac and Mantaro watersheds (SEDAPAL, 2005). As a result, much of Lima’s water 

supply depends on artificial regulation within engineered distribution and storage 

systems.  

National-level regulator SUNASS is responsible for monitoring and supervising all 

Peru’s water utilities. However, a striking imbalance in status and power within central 

government creates a unique and sometimes challenging dynamic between the regulator 

and SEDAPAL. As my analysis explores in more detail, SUNASS is increasingly positioning 

themselves (in partnership with other state and non-state actors) as the ‘progressive’ 

state institution open to alternative or ‘green’ approaches to water supply management.  

 

3.3.3 Data collection 

Highland-coastal interactions in Lima were analysed by means of literature review, 

participant observation and 44 in-depth, semi-structured interviews conducted during 

2014 and 2015 with key stakeholders in Lima and Huamantanga.  

In collaboration with a CONDESAN researcher working full-time on the 

MountainEVO project, we observed and interviewed 8 (past and present) community 

leaders and 25 resident farmers in Huamantanga. We also took part in community daily 

life and events, for example observing local water management practices and NGO-

community interactions. The primary aim of these interviews and observations was not 

to drive interpretation but instead to contextualise our analysis and make explicit the 

range of community perspectives on recent activities in Huamantanga. 

In Lima, I conducted 11 interviews with representatives of the Ministry of Housing, 

Construction and Sanitation (MINVCS), the Ministry of Environment (MINAM), SUNASS, 

the National Water Authority, the Water Fund for Lima and Callao (Aquafondo), the US 

Agency for International Development (USAID) and NGOs Alternativa, Forest Trends, The 

Nature Conservancy (TNC) and CONDESAN (see Table 1 for participant characteristics). 

These interviews (conducted in English) were used to drive interpretation, with 

MountainEVO partners providing validation and feedback. These interviews did not 

follow a predetermined list of questions but encouraged conversation based on 
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predetermined themes including the role and interests of different actors, and 

information sharing and relationships between actors (Silverman 2001) (see Appendix 2 

for a list of the type of questions asked). Interviewees were recruited from CONDESAN’s 

existing network of Peruvian contacts, based on their experience working on projects in 

Huamantanga and professional interest in recent water governance-related 

developments in the community. I aimed to obtain a sample that was representative of 

the diverse range of actors (with different priorities and frames) directly and indirectly 

involved in the reform process. Ultimately, the selection process and number of 

interviewees was largely a product of our network of contacts, the length of my research 

stays, interviewee availability and their willingness to participate. With interviewee 

consent, I recorded our conversations to enable me to make the detailed notes (no 

transcription) necessary for my analysis. Furthermore, these actors, their interactions 

and ways of communicating were observed during relevant events such as multi-

stakeholder forums on green infrastructure. Insights about SEDAPAL’s role and views 

were obtained from key planning documents and actors that work closely with the utility. 

The interviews and participant observations were conducted during repeated research 

stays in Lima and Huamantanga in 2014 and 2015. In addition to primary data collection, I 

analysed related scientific studies, policy documents, NGO reports and media articles 

published between 2004 and 2015 (see Appendix 3 for a list of source documents and 

articles).  
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Table 1: Participant information and interview dates 

Organisation Position Gender Interview date 

CONDESAN Principal researcher/coordinator of the 

Andean Watersheds Program 

Male July 2015 

Eco-hydrologist  Male July 2015 

Forest Trends Water program manager Female July 2015 

ANA Director of conservation and water 

resources planning 

Male July 2015 

MINAM General director of evaluation and 

financing of nature 

Male July 2015 

Conservation finance specialist Female July 2015 

MINVCS General director of policy and regulation  Male July 2015 

TNC Water funds coordinator Male July 2015 

SUNASS Water resources specialist Male July 2015 

USAID Project manager / Biodiversity and water 

resources specialist 

Male July 2015 

Aquafondo Executive director Female June 2015 
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3.3.4 Analysis of frame dimensions and policy storylines 

To identify water-related frame dimensions used by different actors, I repeatedly 

reviewed and analysed audio-taped interviews, field notes and secondary data. For each 

of the identified water-related frame dimension, the particular problem and solution 

framings were analysed (asking ‘what is framed as problematic about this situation?’ and 

‘what is framed as a prerequisite to solving this problem?’, respectively).  

I then created a timeline of key moments between 2004 and 2015 and overlaid the 

corresponding frame dimensions. Key moments with the same combination of frame 

dimensions were grouped. These groupings were then used to construct context specific 

policy storylines. I gave each storyline a scale framing by determining at which level and 

along which spatial scale the narrative was being positioned. I then went back to the 

timeline and overlaid the storylines according to the frame dimension groupings. Finally, I 

analysed how these storylines intersected over time. 

 

3.4 Results  

The conventional watershed scale framing is defined by the boundaries of one hydro-

geographical unit. In Lima’s case, I identify the emergence, promotion and legitimisation 

of a city-centred ‘urbanshed’ scale-level as the dominant scale framing during the reform 

period. Our analysis contrasts this scale framing with others that support a more explicit 

recognition of highland watershed conservation and restoration of ancestral knowledge. 

We define an urbanshed as the total area of land that drains into a city; in the case of 

Lima referring to the Chillón, Rímac and Lurín watersheds (collectively referred to as 

‘ChiRiLu’). This particular politics of scale can result in other issues being excluded from 

political negotiations. For example, actors from the central highland Mantaro watershed 

(where a significant proportion of Lima’s water originates) were, until 2015, largely 

absent from this reform process (Hommes and Boelens, 2017).  

Our analysis has focused on identifying prominent water-related frame 

dimensions and exploring how they come together in different combinations at specific 

moments during the reform process. Five identified frame dimensions, each with a 

corresponding problem and solution framing, are presented in Table 2. Three differently 

scaled, higher-level policy storylines were constructed by grouping moments from the 
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reform period that shared the same combination of frame dimensions (Figure 20). They 

are introduced in the following section, through a synthesis of the data assembled from 

interviews, documents and observations. These framings and storylines do not represent 

direct material from the field that can be exclusively linked to one singular actor or 

document, but rather were constructed as a necessary step for the subsequent timeline 

analysis (see Section 3.3.1 for a more detail explanation).  

 
Table 2: Five water-related frame dimensions. 

FRAME DIMENSION PROBLEM FRAMING SOLUTION FRAMING 

Water for urban water 
users 

Urban water resources are 
under increasing stress from 
climate change, growing urban 
water demands and many other 
factors. 

Need to increase urban 
water supply. 

Water for highland 
freshwater ecosystem 
conservation 

Highland freshwater ecosystems 
are under pressure from human 
impacts. 

Highland freshwater 
ecosystems should be 
preserved. 

Water for community 
agricultural production 

In highland communities, the 
lack of sufficient pasture during 
the dry season has led farmers 
to extend grazing to higher 
pastures that are crucial for 
regulating and supplying 
irrigation water to the 
community. 

Communities need to adopt 
water retention 
practices/infrastructure that 
better regulate and increase 
availability of irrigation water 
for the community. 

Water for cultural 
value 

Communities are losing links 
with heritage/ancestral 
knowledge, resulting in poorly 
maintained infrastructure and 
inappropriate land use. 

Communities need to 
rediscover ancestral 
technologies/knowledge in 
order to improve livelihoods. 

Water for hydrological 
knowledge generation  

There is currently limited 
understanding of land use-
hydrology interactions in the 
Andes. 

Targeted hydrological 
monitoring in the region 
could greatly improve 
hydrological understanding. 
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Figure 20: The relationship between the frame dimensions and the policy storylines (dashed lines indicate frame dimensions of secondary importance). 
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3.4.1 Prominent frame dimensions and policy storylines throughout the reform period 

(2004-2015) 

 

The ‘Water scarcity in Lima’ policy storyline 

Lima, Peru’s capital city, is increasingly vulnerable to water shortages. Due to 

negligible rainfall in this coastal city, the ever-growing population relies on seasonal 

water flows from the ChiRiLu including water transferred from the Mantaro 

watershed. Climate change, a growing urban population and environmental 

degradation in these watersheds are presenting water supply challenges, 

threatening to undermine recent economic prosperity. 

While Lima receives enough water annually, supplying the city is particularly 

challenging during the dry season when reservoirs and rivers run low. These water 

supply challenges should be addressed through investment in both large-scale 

engineering projects (e.g. desalination plants, dams and interbasin transfers) and, 

potentially more cost-effective, green infrastructure options (i.e. improved 

hydrological regulation through changes in land use and watershed conservation). 

 

This policy storyline relies heavily on the ‘water for urban water users’ frame dimension 

(hereafter referred to as the urban frame dimension) (Figure 20). Water issues are 

presented from Lima’s perspective, depicting urban water supply as vulnerable to 

environmental and demographic change. Potential solutions to these perceived threats 

are framed around increasing the amount of water reaching Lima in the dry season either 

by; building more water supply infrastructure or, improving hydrological regulation 

through green infrastructure.  

The ‘green’ solution framing relies on the ‘water for highland freshwater 

ecosystem conservation’ frame dimension (hereafter referred to as the conservation 

frame dimension) (Figure 20), arguing that preservation of highland ecosystems and 

more sustainable cattle management in the ChiRiLu would delay wet season flows, 

improving dry season water availability for Lima. These infrastructure options are mostly 

scaled at an urbanshed scale-level, implying that coastal Lima is heavily dependent on 

water resources from the ChiRiLu. On the other hand, proponents of further investment 

in large-scale engineering projects portray headwaters as resources waiting to be 
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captured through conventional hydraulic infrastructure. This ‘grey’ solution framing is 

scaled in line with Lima’s existing water sources and supply infrastructure, predominantly 

at the Rímac-Mantaro watershed scale-level. 

 

Supporting visualisations 

The problem framing within the ‘Water scarcity in Lima’ storyline (hereafter referred to as 

the Lima storyline) is graphically presented within a report produced by CONDESAN and 

Forest Trends (Gammie and De Bièvre, 2015) (Figure 21). This area graph uses 

governmental hydrological data to show that there is a seasonal imbalance of water 

availability in Lima, implying that Lima is water scarce for six months of the year. In the 

same report, the marginal costs (USD/m3) of proposed green and grey infrastructure in 

the watersheds that supply Lima were compared, illustrating that green infrastructure 

can deliver hydrological benefit at costs that are competitive with those of grey 

infrastructure (Figure 22). This represents the green solution framing within this policy 

storyline.  

The grey solution framing is represented in diagrams, circulated by SEDAPAL, of 

trans-Andean water supply infrastructure (reservoirs, dams, tunnels) extending across 

the continental divide between the Rímac and Mantaro rivers (Figure 23). So, whereas 

the problem framing illustrated by Gammie and De Bièvre (2015) would be representative 

for a wide range of actors, the consequences derived from it (i.e. the proposed solutions) 

differ substantially.  
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Figure 21: Lima’s annual water supply and demand (Gammie and De Bièvre, 2015, p. 4).  
 

 
Figure 22: The estimated marginal costs (USD/m3) of 15 proposed green and grey investments in the 
ChiRiLu and Mantaro watersheds (Gammie and De Bièvre, 2015, p. 17). PTAP stands for drinking water 
treatment plant, “Planta Desaladora” translates as desalination plant; the rest of the Spanish names are 
specific names of SEDAPAL infrastructure projects. The green interventions’ names are given in English.  
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Figure 23: SEDAPAL graphic titled “Cuencas de almacenamiento de agua para Lima y Callao” translates as, 
Water storage basins for Lima and Callao; “Capacidad total de almacenamiento 282 MMC” translates as, 
Total storage capacity of 282 cubic metres; “Represa” translates as dam; “vertientes del Atlántico / Pacifico” 
translates as Atlantic and Pacific watersheds; and “cuenca” translates as watershed (Photograph from 
Céspedes Alarcón, 2009, p.10). 
 

The ‘Compensation for ecosystem services (CES) mechanisms in Peruvian watersheds’ 

policy storyline. 

Social, economic and demographic trends in Peru are taking an increasing toll on 

highland freshwater ecosystem functionality and consequently water availability in 

lowland (urban) regions. Similarly, the manner in which highland agricultural 

communities utilise and manage land and related ecosystems has an impact on 

ecosystem health and determines, to a large extent, the sustainability of 

downstream ecosystem services.  

To reverse this trend, SUNASS and the MINAM (in collaboration with 

international researchers and NGOs) are promoting CES mechanisms as a way ‘to 

redistribute the benefits of a healthy watershed equitably’ (CONDESAN, 2014, p. 4) 

between all water users, and incentivise lowland (urban) water users to invest in 
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highland communities that they rely on for their water supply. Rewarding these 

communities for maintaining and improving downstream hydrological services has 

the potential to incentivise them to manage their land in a more sustainable manner. 

These types of voluntary agreements between land stewards (e.g. farmers, 

indigenous people, landowners) and service beneficiaries (e.g. agribusinesses and 

municipalities) have the potential to drive changes in land use and establish long-

term protection of Andean watersheds and the natural world. 

 

The conservation frame dimension dominates this policy storyline as lowland water 

problems are predominantly attributed to the impacts of human activity on highland 

freshwater ecosystems. This storyline is also implicitly reliant on the urban frame 

dimension, presenting highland freshwater ecosystem restoration as the most important 

step to improving lowland (urban) freshwater availability. Within this, highland 

communities are framed as the group of people that need to become ‘land stewards’ 

(Bremer et al., 2016b) for the benefit of lowland (urban) users. 

This policy storyline is simultaneously scaled at the national level on the 

governance scale, and at the watershed (highland-lowland) level on the hydrographical 

scale, emphasising the need to identify and implement conservation-based projects 

across watersheds in Peru. This storyline demonstrates an emphasis on highland-lowland 

relationships, viewing highland agricultural mountain communities as key custodians of 

lowland ecosystem services (through pasture and water management practices). Played 

out within the international discourses around free market environmentalism, rural 

communities are being framed as water source ‘caretakers’ that have the capacity, if 

sufficiently incentivised, to provide hydrological services for whole watersheds (see 

Bremer et al., 2016b).  

 

A supporting visualisation 

MINAM produced an illustration within a promotional leaflet as a way to promote the 

potential benefits of CES mechanisms for watershed (highland-lowland) management 

(Figure 24). In view of MINAM’s national-level perspective, the urban frame dimension of 

the storyline is not represented. The left and right side of the image represents the 

storyline’s problem and solution framing, respectively. In the centre, the implementation 



 
 

83 

of a CES mechanism is depicted as a win-win arrangement, represented by two farmers 

shaking hands.  

 
Figure 24: The governmental vision of how CES mechanisms might operate in Peruvian watersheds 
(MINAM, 2013, p. 2). The titles can be translated as: “the problem: bad use of water, there is not enough 
water” (left side), “the agreement: a CES mechanism is applied” (middle), “the solution: actions for a good 
use of water, there is sufficient water” (right). The green arrows are between those that “retribute” from 
downstream to upstream, and those that “contribute” the other way around. 
 

The ‘Restoring ancestral water systems for agricultural production in Huamantanga’ 

policy storyline 

The desire of Huamantanga’s pastoralists to improve their livelihoods has led to 

intensified grazing in the upper sub-catchments that provide water to the 

community. As a result, the ecosystem’s ability to capture and regulate wet season 

flows has been compromised to the extent that the community receives less water 

for irrigation in the dry season. Resources are also perceived locally as becoming 

increasingly scarce due to changing climate conditions. 

With the help of a diverse group of NGOs, some community members are 

reconnecting with ancestral practices and restoring a network of pre-Incan diversion 

canals and natural infiltrations systems (locally known as ‘mamanteos’5). These 

narrow canals redirect wet seasons flows to ditches and mountain slopes that allow 

water to infiltrate, some of which resurfaces in community springs during the dry 

season. Animal exclusion from the upper sub-catchments has also been promoted by 

some of these NGOs as a way to improve water retention in the high pastures, and 

                                                        
5 They are known outside of Huamantanga as amunas. The term amunas is used in the rest of this thesis to 
avoid confusion even though mamanteo might be more appropriate in some cases. 
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ultimately, to provide more irrigation water in the dry season. It is hoped that 

improved irrigation will give farmers confidence to invest in more advanced farming 

techniques, expand agricultural production and improve their livelihoods.  

A group of hydrologists from one of these NGOs has also implemented a 

monitoring system in two upper sub-catchments to quantify the hydrological impact 

of such interventions for the community.  

 

The ‘water for cultural value’ and ‘water for community agricultural production’ frame 

dimensions (hereafter referred to as the cultural and agricultural frame dimensions, 

respectively) are important in this policy storyline (Figure 20). Clear references are made 

to the Huamantanga community not only rediscovering cultural links with ancestral 

practices and infrastructure, but also improving local agricultural production and 

livelihoods. The ‘water for hydrological knowledge generation’ frame dimension is also 

relevant for this policy storyline given that CONDESAN have recently started monitoring 

rainfall and streamflow in the sub-catchments upstream of the community.  

This storyline is scaled at a community scale-level since it is framed entirely within 

Huamantanga’s territory. It is important to emphasise, however, that these framings did 

not originate from the community and in fact, at this stage, the community members 

themselves could have potentially developed very different framings of these activities 

and an unclear idea of their potential impacts on the community.  

 

A supporting visualisation 

A graphical representation of the amuna infiltration process was circulated by 

CONDESAN and Forest Trends during the later stages of the reform period (Figure 25). 

This diagram supports the solution framing within this policy storyline from a technical 

point of view but leaves out the cultural aspects associated with this system, emphasized 

by some of the involved NGOs.  
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Figure 25: The amuna infiltration process (Kieser and Fang, 2014, p. 4). 
 

3.4.2 Timeline outlining the phases of the reform period and development of three policy 

storylines  

This section outlines some of the key moments in the reform period and explains how, 

during these moments, policy storylines (as outlined in the previous section) emerged 

and developed over time and which actors shaped their construction. I have divided the 

reform period into three distinct phases (Figure 26). 
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Figure 26: The three phases of the reform period and policy storylines from their emergence and intersection at important moments between 2004 and 2015 (‘Water 
scarcity in Lima’ (Blue), ‘CES mechanisms in Peruvian watersheds’ (Green), ‘Restoring ancestral water systems for agricultural production in Huamantanga’ (Orange)). 
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Phase 1: National-level institutional and legal reform of water governance and emergence 

of the ‘ChiRiLu’ scale frame (2004-2009) 

In 2004, a National Water Resource Management Strategy (Estrategia Nacional para la 

Gestión de los Recursos Hídricos Continentales del Perú) promoting the implementation 

of IWRM in Peru was drafted up by relevant government agencies in consultation with 

key sectoral stakeholders (Budds and Hinojosa-Valencia, 2012). Water scarcity in the 

context of rapid urbanisation also started to become more prominent within Peruvian 

water discourse (Stern and Echavarria, 2013a). By the late-2000s, the Lima storyline 

(relying exclusively at that stage on the urban frame dimension) began to emerge within 

city-level studies conducted by the United Nations (2009) and local NGO Grupo GEA 

(2007). This represents the early stage of a process that led to the establishment of 

Aquafondo, as outlined later in the timeline (TNC, 2017).  

Trade negotiations with the United States (2006-2009) led to the creation of 

MINAM and an autonomous and cross-sectoral national water authority (Autoridad 

Nacional del Agua [ANA]) in 2008 (Budds and Hinojosa-Valencia, 2012). To build on the 

2004 IWRM strategy and strengthen ANA’s position, a new Water Resources Law (Ley de 

Recursos Hídricos) was passed in 2009. New hierarchies of sub-national water 

institutions were created under ANA, across 14 regional hydro-geographical units, 

Autoridades Administrativas del Agua (AAAs), and 72 local hydro-geographical units, 

Autoridades Locales de Agua (ALAs). Lima became placed within the ALA ChiRiLu and 

AAA Cañete-Fortaleza. This is a significant moment in the construction and 

institutionalisation of the ChiRiLu scale frame. 

At the same time, IWRM-style watershed councils (locally referred to as Consejo 

de Recursos Hídricos de Cuenca (CRHC)) were also being planned in six hydro-

geographical regions that drain to the Pacific. It was hoped that the development of 

IWRM plans in these priority pilot watersheds would build institutional capacity for 

IWRM nationally and, ultimately, strengthen highland-coastal cooperation (Lynch, 2013). 

In parallel, ANA and ALA ChiRiLu together with the three concerned Regional 

Governments initiated the formation of a CRHC for the Chillón, Rímac and Lurín 

watersheds (FFLA, 2014; Stern and Echavarria, 2013a). Even though a significant 

contribution of Lima’s domestic water supply originates from the upper Mantaro 

watershed, the particular framing of this council excludes Mantaro highland actors from 
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future negotiations. While the councils are still not seen as powerful and effectively-

operating institutions, the ChiRiLu scale frame has subsequently become an important 

structural principle of the Lima storyline. 

 

Phase 2: Multi-level parallel strands of activity (2009-2014) 

Aquafondo Huamantanga project (2010-2014) 

In 2010, Aquafondo was set up (with support from US conservation NGO TNC) to channel 

funds from private and public lowland water users to watershed conservation activities 

in the ChiRiLu. The design of this fund was based on Quito’s water fund model now being 

replicated throughout South America (Veiga et al., 2015). This period could be interpreted 

as the moment when the ‘CES mechanisms in Peruvian watersheds’ storyline (hereafter 

referred to as the ‘CES’ storyline) and green solution framings within the Lima storyline 

really began to intersect.  

After having set up the water fund, the founding institutional members of 

Aquafondo started considering several proposals for pilot projects throughout 2011, one 

of which aimed to restore a diversion canal in the upper Chillón community of 

Huamantanga. The ‘Restoring ancestral water systems for agricultural production in 

Huamantanga’ storyline (hereafter referred to as the ‘Huamantanga’ storyline) emerged 

around this time. The Lima-based NGO Alternativa, which developed the proposal while 

investigating the cultural value of archaeological ruins in the community, prioritised 

livelihood improvements for farmers in Huamantanga (Alternativa, 2012). In continuation, 

the proposal considered the “recuperation of conservationist awareness of the local 

water committee” (Alternativa, 2012, p. 5, own translation) as an additional goal. The 

narrative of the Alternativa staff member who initiated the project confirms this. He 

explains that:  

People in Huamantanga have forgotten the importance of rainwater 

harvesting (…), they forgot their own customs and are negating their 

past (...). When I went to Huamantanga and saw the archaeological water 

structures, I talked to the people about their existence. (...) The most 

important thing for me is that they understand the importance of these 

techniques. (Interview project initiator, September 2014). 
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This shows how the cultural frame dimension, together with the agricultural frame 

dimension contributed to a higher-level Huamantanga storyline, manifesting in the 

restoration of one of the diversion canals in 2012. At this point in time, efforts in 

Huamantanga were still quite detached from the Lima storyline: While the canal 

restoration project concentrated primarily on the community scale (at least formally), 

SEDAPAL and associated institutions remained focused on grey investment in the ChiRiLu 

and Mantaro watersheds. 

In parallel to the Huamantanga project, similar approaches were implemented in 

the Lurín watershed (Idme et al., 2006) and throughout the Andean region; collectively 

known as siembra y cosecha del agua practices (‘sowing and harvesting water’) (cf. Yapa, 

2013; Hidráulica Inca, 2017). Moreover, at the national policy level, negotiations around 

conservation-oriented Sanitation Services and Ecosystem Services laws were ongoing.  

The first steps towards moving efforts in Huamantanga to a higher level (in 

geographical and administrative terms) can be seen in the start of collaboration between 

Aquafondo, TNC, CONDESAN and Forest Trends in 2013 (see Bremer et al., 2016a). These 

new partners of Aquafondo were organizations with a focus on local conservation 

projects, and with an interest in promoting watershed investments in Latin American 

cities (in the case of TNC). With this in mind, monitoring of the social and hydrological 

impacts of the Aquafondo project began in Huamantanga in 2013/14 (see Bremer et al., 

2016a).  

I interpret this as a moment when the CES and Huamantanga storylines 

intersected. The idea of turning Huamantanga into a showcase, which could 

demonstrate benefits of ancestral water management techniques and green 

infrastructure on a local and watershed scale, was taken up and consolidated in the 

following months and years. Social and hydrological data generated in Huamantanga 

would later serve as ‘evidence’ to convince decision makers at the MINVCS, SUNASS and 

SEDAPAL to invest in more initiatives like this. With the start of this multi-actor 

monitoring initiative, the hydrological frame dimension became evident within the 

Huamantanga storyline, which (as demonstrated later in the analysis) evolved and 

strengthen through actor communication and promotional activities. 
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National watershed conservation policy development (2009-2014) 

Peru’s Ecosystem Services Law is unique in Latin America (Echavarria et al., 2015), and is 

part of a long and still ongoing process of negotiations between policy makers, 

regulatory institutions and water companies. While the official law was passed in 2013, as 

early as 2009 the drinking water company of the inland city of Moyobamba in northern 

Peru started charging US$0.30 cents extra for each drinking water connection, to be 

invested in conservation of upstream water sources (Stern and Echavarria, 2013b; 

Echavarria et al., 2015). As the first Investment in Watershed Services (IWS) project in 

Peru, the Moyobamba scheme was promoted by Forest trends and CONDESAN as well as 

MINAM, SUNASS and ANA. Similar initiatives have since been developed in other 

Peruvian cities such as Cusco and Abancay, showing how the CES storyline was not only 

being promoted from an urban perspective on a national scale, but was also 

implemented on the ground and in specific schemes, even before an official law was 

passed. 

These efforts along with the associated CES storyline were further promoted, 

reinforced and rationalised through the Incubator Project for Ecosystem Services 

Mechanisms, set up in 2012 by MINAM in cooperation with Forest Trends. This venture 

aimed to support IWS projects and, by consulting with a range of partner organisations 

(i.e. Ecodecisión, CONDESAN), facilitate the development of implementation, monitoring 

and evaluation guidelines, some of which seek to safeguard supplies to urban water 

users (Stern and Echavarria, 2013a; MINAM, 2014).  

Modernisation of Sanitation Services and Ecosystem Services Laws were passed in 

2013 and 2014, respectively. These laws state that, among other things, all water utilities 

(including SEDAPAL) are now obliged to invest in watershed conservation and include 

compensation mechanisms in their planning (Law 30045). MINAM consulted with a 

range of actors including CONDESAN on how best to phrase the Ecosystem Services Law 

without making reference to payments or commodification (terms often associated with 

the contentious Payments for Ecosystem Services schemes). As a result, the law uses the 

term ‘retribución’, which can be roughly translated to mean compensation or reward 

(CGIAR, 2014).  

Fernando Momiy, president of SUNASS at the time and celebrated by Forest 

Trends as an “environmental hero” (Kenny, 2015), subsequently characterizes the 
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Modernisation of Sanitation Services Law as an important catalyst, stating that: “You 

need more than an idea (…) You need something to push the idea to reach the goal” 

(Kenny, 2015). It should also be noted that, while some future cases may involve 

upstream and downstream rural communities only, the majority of CES mechanisms 

implemented and planned so far have involved urban water utilities (MINAM, 2014).  

After the Ecosystem Services law was passed and the success of the Moyobamba 

scheme, some SUNASS officials allied with the Incubator Project hoped that SEDAPAL, as 

Peru’s biggest and most influential water company, would now be persuaded into taking 

a pioneering role in promoting compensation mechanisms nationally. As a SUNASS 

representative explains:  

In (...) pilot places we saw the benefits and so some people from SUNASS – 

yet not all – are convinced of possible benefits and thought that it is 

important that also the biggest water company of the country [SEDAPAL] 

does it. Then we can say: “look, they have incorporated it”, so as to make 

an example. If they do it, it will be ground-breaking. In the beginning, 

SEDAPAL didn’t want it; but now the discussion is not anymore if, but how. 

(Interview SUNASS representative, September 2015) 

SEDAPAL planning (2012-2014) 

Between 2012 and 2014, SEDAPAL developed a 5 and 25-year Master Plan to 2040 in an 

attempt to respond to recent concerns about Lima’s growing water demand (Dettoni, 

2012). This ongoing process represents the driving force in the Lima storyline and took 

place around the same time as the canal restoration project and conservation-based 

policy and legal reforms outlined previously. Despite these developments, SEDAPAL 

resisted the new regulatory framework at first, resulting in SUNASS rejecting their first 

draft Master Plan due to a lack of watershed conservation measures. During this period, 

there is clearly tension between the CES and Lima storylines as SUNASS is trying to 

integrate conservation measures within SEDAPAL’s planning. However, drafting of the 5-

year master plan presented an opening for green advocates within SUNASS to pressure 

an unenthusiastic SEDAPAL into adopting the new national mandate. In the context of 

this analysis, this negotiation process represents an important window of opportunity, 

which seemed to motivate others (see Forest Trends and CONDESAN in phase 3 (Figure 
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26)) to act quickly and provide the requisite ‘expert knowledge’ to their governmental 

partners. Despite this and due to SEDAPAL’s institutional conservationism, the process 

was still heavily framed around the grey solutions that also make up part of the Lima 

storyline. MINVCS, SEDAPAL, SUNASS and Aquafondo all shared concerns for Lima’s 

water resources security and broadly emphasised some kind of supply management as a 

possible solution. However, as the Lima storyline shows they diverge in their framing of 

the issue. In 2014, SEDAPAL submitted a revised Master Plan featuring 14 grey supply-side 

investments (at an estimated cost of $2.3 billion) and tariff structures for the first 5-year 

period (2015-2019) (SEDAPAL, 2014).  

 

Phase 3: Change in momentum and mutual reinforcement of all three storylines (2014-2015) 

Green infrastructure gets the governmental green light (2014-2015) 

By June 2014, CONDESAN had begun monitoring two sub-catchments in Huamantanga 

(supported by Aquafondo) to evaluate the impact of cattle exclusion on water regulation 

(Acosta, 2014). By this time, the organisation had also published a brochure (CONDESAN, 

2014) and video promoting CES mechanisms in the Andes. This promotional material 

displayed elements of the CES storyline but with a focus on North Andean rather than 

exclusively Peruvian watersheds. This was most likely due to their regional role within the 

Consultative Group for International Agricultural Research (CGIAR) Challenge Program 

for Water and Food (CPWF). Interestingly, the CPWF website states that one of their 

initial findings was that “river basins are an appropriate geographic scale” 

(https://waterandfood.org/river-basins) to identify and conduct projects. This indicates 

that CONDESAN were scaling issues in a similar way to the CES storyline.  

Towards the end of 2014, CONDESAN published a short story about Huamantanga 

titled “Ancestral technology, cheese and water for Lima” (Acosta, 2014) and 

accompanying promotional video (CONDESAN, 2014) that combined elements of all five 

frame dimensions and three storylines within what was presented as a ‘win-win’ 

narrative for all. The need to scale up these activities is implicit with these framings while 

also being explicitly mentioned in the products.  

Around this time, CONDESAN and Forest Trends started to collaborate with 

SUNASS increasing the prominence of the CES storyline, in addition to, the hydrological 

frame dimension of the Lima storyline. Subsequently, Forest Trends and CONDESAN (in 
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collaboration with others) developed a portfolio of potential ‘green interventions’ and 

conducted a cost-curve analysis for the ChiRiLu (see Gammie and De Bièvre, 2015). They 

concluded that implementing these interventions could “substantially contribute to 

addressing the current dry season flow deficit” (Gammie and De Bièvre, 2015, p. 2). 

Specifically, the restoration of pre-Incan ancestral canals and exclusion of cattle from 

pastures were identified as potentially cost-competitive interventions, when compared 

to grey options. This study allowed for green approaches to be framed using the sort of 

systematic, investment language favoured by national-level decision makers. This cost-

curve analysis signifies another moment when the three storylines truly intersect and 

begin to strengthen each other. 

When Forest Trends presented these results (Figure 22) to the president of 

SUNASS (Fernando Momiy) and vice-minister of MINVCS in late 2014, it was well received. 

According to Gena Gammie (the lead author of this study and Associate Director of 

Forest Trends' Water Initiative), this was a really important moment as it was the first 

time that key governmental actors had been able to compare the potential hydrological 

benefits and economic costs of grey and green infrastructure directly and in their terms. 

Being able to present to leaders of SUNASS, MINVCS and SEDAPAL while they were in 

the process of evaluating the water tariff structure in Lima was also advantageous.  

In March 2015, SUNASS adjusted SEDAPAL’s proposed budget to include a $112 

million levy from SEDAPAL’s water consumer tariffs (5% of the total income) to be 

invested in climate change adaptation, disaster risk reduction and green infrastructure, 

including further restoration of ancestral canals in the upper watersheds (Miranda Sara 

et al., 2016). SEDAPAL finally obtained approval from SUNASS in mid-2015. This was the 

first time that the Lima and CES storylines were assembled in an official SEDAPAL 

document.  

 

Global media attention (2015) 

Following the publication of the cost-curve analysis in early 2015, CONDESAN and Forest 

Trends made contact with local, national and international media and organised a series 

of field visits to Huamantanga. Several months later in the summer of 2015, international 

media outlets including The New Scientist, Al Jazeera, The Guardian and China Central 

Television published articles and complementary documentaries outlining Lima’s water 
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problems and the local and regional benefits of this ancestral practice. All three 

storylines are combined once again in these articles to present a rather optimistic picture 

of the potential hydrological benefits of these ‘forgotten’, ‘ancient’ canal systems.  

This is not surprising given that individuals involved in the cost-curve analysis 

organised the field visits and were quoted in the articles. As Bert De Bièvre, the lead 

hydrologist for CONDESAN explains: “it’s all about building in delays in the hydrological 

runoff of these catchments because if the water continues through this stream it will 

reach the village downstream in a question of hours. Letting it seep through the 

mountain, we expect to build in delays of weeks and hopefully months” (Collyns, 2015). 

The ‘watershed’ scale frame is implicit within this statement, referring to delays in runoff. 

The article also includes quotes from the president of SUNASS, Fernando Momiy who 

stresses the seriousness of the crisis and highlights the economic benefits of combining 

the two approaches: “Lima is a desert city which keeps growing and in five years there 

will be another 700,000 inhabitants who will need water. That’s why we need to look at 

combining grey infrastructure with green infrastructure” (Collyns, 2015).  

These articles present a simplified reality where the community is on-board and 

takes “pride in both rebuilding and maintaining the mamanteos, including planting 

flowers alongside the canals” (Schatz, 2017). However, there is no mention of any 

potential obstacles to implementation or local resistance. Instead, Lima is presented as 

an impoverished city unable to cope with an ever-increasing thirst for water (see Schatz, 

2015). Schatz (2015) demonstrates how the Huamantanga and Lima storylines are 

connected and presented as a mutually beneficial storyline: “But it’s not just a water 

grab by the big city below. Because it turns out that while the canals help the residents of 

Huamantanga get better crops up here in the mountains, they also channel more water 

into Lima’s rivers. So what’s good for the villagers can also be good for the city dwellers.” 

(Schatz, 2015)  

While not viewed by anyone as a silver bullet, canal restoration is presented in 

these articles as a low risk strategy and win-win scenario for all parties, even though the 

exact distribution and size of the ‘wins’ is yet to be evaluated and discussed with 

stakeholders in both upstream rural communities and Lima. 
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3.4.3 The effect of storyline intersection on the reform process  

During the study period (2004-2015), a series of framings about the scope of water 

governance emerged at community, watershed and national level but in a fairly isolated 

way, until they converged around the time SEDAPAL committed to highland watershed 

investment in the ChiRiLu. The media attention that subsequently followed allowed the 

Huamantanga storyline to re-emerge more prominently than the other two storylines, as 

a way to engage with international readers. Given how the origin of this storyline is 

rooted in the cultural frame dimension it is interesting to see that, at the crucial 

intersection moment in 2015, this aspect again came to play a key role: It proved to be 

more effective in capturing attention for highland communities than local agricultural 

framings. Besides, the intersection of particular storylines at different moments during 

the process often had a strengthening effect, creating a coalition of actors who were 

then able to generate sufficient momentum and support within government ministries 

and SUNASS for the inclusion of conservation-based water planning within SEDAPAL’s 

budget. The intersection of all three storylines also resulted in further legitimacy given to 

the ChiRiLu scale frame within actor solution framings and interventions in the Chillón 

watershed. 

Intersections were only made possible because SUNASS, Forest Trends, 

CONDESAN and MINAM left out key elements and tensions between the storylines and 

scale frames during key interactions or within communications. During these 

intersections, a mutually reinforcing relationship emerged as information related to 

these storylines was supported and similarly scaled within visual representations shared 

among these governance actors and international media. These scalar concessions were 

deemed acceptable since, at these moments in the process, actors had a mutual interest 

in demonstrating the effectiveness of conservation practices to national-level decision 

makers. For example, while CONDESAN did not share the same end goals as Forest 

Trends, bridging different policy arenas and making links between different knowledge 

systems in this way, appeared to help their interests in the long-term.  
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3.5 Conclusions 

I conclude that water issues were framed from different perspectives and at a range of 

scale-levels during this eleven-year period. Framings around urban (coastal) water supply, 

highland conservation, Andean water culture, local agricultural production and 

hydrological knowledge generation combined and manifested in different ways, and at 

different times, within persuasive narratives that were then circulated visually between 

actors to solidify the scale of problem and potential policy response. These storylines 

provided powerful reinforcement that helped to change momentum at decisive 

moments in this period of water governance reform. I assert that these processes have 

had a significant impact on the relationship between highland communities, urban 

(coastal) water supply actors and international organisations operating in these 

watersheds. Specifically, my study shows how the intersection of these storylines at 

different moments during the process often had a strengthening effect, creating a 

coalition of actors who were then able to generate sufficient momentum and support 

within the Peruvian government for the implementation of conservation-based 

watershed investments. 

 

3.5.1 Limitations of the study 

As referred to in Section 3.3.3, I relied exclusively on CONDESAN’s existing network of 

contacts in Lima for the recruitment of interviewees. While this may have introduced 

some biases, analysis of secondary data sources and validation from other researchers of 

Peruvian water governance, indicates that the sample adequately represents the 

multiplicity of interpretations that exist in the case. That said, the sample size is relatively 

low due to time and language constraints and this did limit the scope of my analysis. 

Interpretive studies cannot claim to reveal objective reality (Yanow, 2006). By 

their very nature, my interpretations are driven by the focus of inquiry, entry point and 

inherent biases shaped by my experiences, relationships, education and world view 

(Yanow, 2009). For example, collaborating with CONDESAN employees has undoubtedly 

overexposed me to their particular point of view. I have tried to mitigate for this by 

taking extra care to study the case from a range of perspectives and providing an explicit 

description of the research process (Van Bommel, 2008).  
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3.5.2 Implication for future research 

Scale framing is a useful concept for making the politics of scale concrete and 

researchable. This study not only highlights the importance of individual scale frames but 

also analyses their intersection. In terms of scale framing, having an urban and a 

community storyline, plus a third storyline that connects both into an issue of national 

importance is likely to have contributed to the interlocking of storylines. I argue that the 

constructivist frame perspective brings to the forefront some of the unarticulated 

assumptions and differently scaled storylines associated with evolving environmental 

policy and planning processes. Rather than providing a comprehensive theory to explain 

this process, I have focused on interesting patterns that may emerge in similar 

circumstances. My interpretive approach innovatively combines concepts of scale 

framing and policy storylines with visualisation analysis. This helped me to understand 

the different varieties of frames associated with actors operating at different scales, and 

the processes in which these frames developed and intersected over time.  

Our analysis builds on previous studies that highlight how differences in policy 

narratives and scale frames are often neglected or simply misunderstood during policy 

processes and, as a result, marginalised perspectives that raise important concerns are 

deemed less worthy of discussion by influential actors (Van Lieshout et al., 2014). This 

type of research could therefore have implications for the actors that are actually 

involved in these processes in terms of making them aware of how they are positioned in 

a complex puzzle of water governance. In a recent study by Zulkafli et al. (2017) some of 

the emancipatory implications of understanding scalar dimensions of Peruvian water 

governance, particularly for marginalised water users have been explored. In addition to 

case study research on scale frame intersection and implications thereof, future studies 

should continue to explore the role of visualisations as scaling devices within water 

governance.  

 

3.5.3 Implications for water governance 

In this case study, given that SEDAPAL is now legally required to implement watershed 

conservation and climate change adaptation projects in the ChiRiLu highlands, it will be 

crucial for actors involved to address any potential divergence in the scale framing of 

projects’ aims and expectations. For example, will wet season flows be captured for 
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community agricultural use, for Lima’s municipal use or for both? Who will benefit, in 

what way, and on which scale? Even though knowledge concerning the exact provision 

of water resources may often be uncertain or lacking, addressing issues of scales of 

benefits and objectives within conservation projects will be essential to avoid misleading 

highland, rural and coastal, urban actors. Accepting there is no way to objectively define 

the scale or level of a problem, scholars and practitioners need to move away from 

preferable or optimal fit thinking (Padt and Arts, 2014; Gupta, 2014). Scales frames co-

exist with varying degrees of success and failure. What is particularly important within 

decision-making is for actors to become reflective of which scale frames they are 

implying in their policies, projects or communications, and how they relate to other 

framings. Explicitly drawing attention to tensions between scale frames is directly 

relevant to policy since it can result into more pragmatic and context specific 

arrangements that do not privilege particular viewpoints at the expense of others. 

Ultimately, greater sensitivity towards scale framing in the water sector could lead to 

better dialogue amongst concerned stakeholders. However, one should not lose sight of 

the difficulties associated with uncovering the perspectives of socially excluded groups, 

particularly when powerful interests are involved in legitimising particular scale frames.  
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CHAPTER 4: TAILORING INFORMATION GRAPHICS ON WATER 

RESOURCES THROUGH ITERATIVE, USER-CENTRED CO-DESIGN: A 

CASE STUDY IN THE PERUVIAN ANDES 

4.1 Introduction 
Individuals and communities are required to make increasingly complex environmental 

decisions under high uncertainty. Effective communication of scientific information and 

knowledge can clarify options, open up alternative pathways and enable environmental 

decision makers to better address sustainability challenges (McNie, 2007). With this mind, 

scientists are increasingly endeavouring to communicate with decision makers and lay 

audiences (Bruine de Bruin and Bostrom, 2013). Within this communication process, it is 

paramount that information providers have an understanding of what decision makers 

require, in terms of both the content and presentation (Vogel et al., 2007; von 

Winterfeldt, 2013). This is not always the case in practice, and often, communicated 

information lacks contextualisation or fails to be conveyed to non-scientists in an 

engaging, understandable and useful format (see Chapter 2).  

Visuals within communications (e.g. science-based posters, policy briefs, websites, 

software) play a key role within this process and have the potential to help engage 

audiences with unfamiliar information, accelerate information flows and empower 

marginalised actors (Buytaert et al., 2014; McInerny et al., 2014). While data visualisations 

and graphics are rarely the goal in themselves, how they are designed and integrated 

within products and support tools (e.g. Environmental Virtual Observatories) is a crucial 

yet often under-resourced aspect of applied science and decision support projects 

(Karpouzoglou et al., 2016; Zulkafli et al., 2017). Scientists involved in such processes may 

not have received training in visually communicating scientific information to other 

scientists, and even less likely with regard to non-scientific audiences (McInerny et al., 

2014; Rapley et al., 2014). In addition to the lack of relevant expertise within project 

teams, interactions are often strongly provider-driven and lack the necessary conviction 

to conduct effective user engagement (McIntosh et al., 2011; Zulkafli et al., 2017). This 

often leads to the development of suboptimal products and tools that fail to connect 
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with user contexts and requirements, reducing the likelihood of comprehension and 

engagement (McIntosh et al., 2011).  

UCD is a framework whereby user characteristics (needs, education, abilities, 

goals, behaviours and motivation) and context of use are given explicit consideration 

during product or tool development (Beyer and Holtzblatt, 1998; McInerny et al., 2014). 

Environmental studies are increasingly integrating user perspectives (see Arciniegas et al., 

2013; Eide and Stølen, 2012; Michener et al., 2012; Robinson et al., 2012) while others go 

further by suggesting that the design of effective visualisations requires a highly iterative, 

user-centred and collaborative approach towards the development of tailor-made 

products (Chapter 2; Lorenz et al., 2015; Spiegelhalter, 2017). Tailoring and integration of 

user perspectives within a co-design process has the potential to produce physical and 

conceptual scientific artefacts that, not only are perceived as credible and legitimate 

sources of information, but also convey information that aligns with user requirements 

and epistemologies (Medin and Bang, 2014). Nevertheless, the lack of methodological 

experimentation, field studies and user-driven evaluation of visualisations, has been 

highlighted as a barrier to more effective visual communication of scientific knowledge 

(Harold et al., 2016; Lorenz et al., 2015; Spiegelhalter, 2017). Therefore, ways to facilitate 

co-design and tailoring need to be explored and tested in real-world decision-making 

contexts to help generate empirically-based methodologies. To this end, I test the 

hypothesis that: 

- an iterative, user-centred and collaborative approach to tailoring demonstrably 

improves the effectiveness of infographic-style products for non-scientific 

audiences.  

 

The Peruvian case study outlined in Chapter 3 is used to pilot this approach. This case 

study is pertinent because it involves an extremely diverse range of actors with a shared 

interest in the development of ‘green infrastructure’ as a way to prevent dry season 

water shortages in the Andean catchments surrounding Lima. Specifically, there is a 

coalition of governmental actors, advocates and scientists keen to effectively convey 

supporting scientific evidence to a range of non-scientific audiences.  

I begin by outlining my aims, experimental setup, co-design approach and testing 

protocol. I then report the qualitative and quantitative results and analysis from the 
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implementation of the experiment. In Section 4.4, I provide evidence in support of my 

hypothesis, reflect on lessons learned and provide methodological recommendations. I 

conclude by synthesising my findings and offering generalisable conclusions. 

 

4.2 Method  

The aim of this experiment was to design and evaluate the effectiveness of three 

infographics each tailored to a different user group but conveying similar information. I 

identified three distinct user groups all with a potential interest in green infrastructure, 

but importantly without any background in hydrology. While the groups were not 

completely homogenous internally, the distinctions between the groups were bigger 

than the distinctions within the groups. These were:  

- Livestock farmers from the Andean community of Huamantanga,  

- Decision makers based in Lima with a professional interest in green infrastructure, 

- Citizens of Lima with a general interest in environmental issues.  

 

During the design process, individuals representing three user groups helped design and 

evaluate the effectiveness of the final products (Figure 27). Where possible, user 

interactions were one-on-one to mitigate for the inherent risk of bias from group 

sessions (Arcia et al., 2016). The remainder of the design team was made up of a designer, 

who I worked with closely following the first round of feedback, and two hydrologists 

who provided scientific input throughout. I adopted the role of intermediary, 

counterbalancing these two perspectives while explicitly considering end user 

requirements and characteristics. 

For the purpose of this experiment, effectiveness is defined in terms of the 

product’s ‘appeal’ (used interchangeably with the term ‘interest’), ‘clarity’ and (in the 

case of the professional and community group) ‘usefulness’. The selection of evaluation 

criteria was informed by general visualisation principles highlighted in Chapter 2 (e.g. 

Meirelles, 2013), user needs elicited from Chapter 3 and previous visualisation user 

studies that assessed the effectiveness of visualisations (Bishop et al 2014; Lorenz et al., 

2015; Levontin et al 2017). 
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4.2.1 Preparation phase 

Prior to the active design process, I interviewed a diverse range of actors in Lima and the 

highland community of Huamantanga to gain a detailed understanding of recent 

Peruvian water governance processes and the variety of potential contexts of use within 

the study region. This also helped to determine firstly whether there was sufficient 

demand for hydrological information, and secondly, the type of visual products that 

might add value.  

From this governance analysis, the parameters of the experiment were 

determined. I selected a specific water resource-related topic that would potentially be 

of interest to the actors I had interviewed. I chose to focus on amunas, as they had 

recently been promoted in the Lima region as a ‘greener’ and more cost-effective 

alternative to ‘grey’ water supply infrastructure, at the community and Lima water 

governance scale.  

A fixed visual medium was selected anticipating each group’s relative familiarity 

with visual information and the likely context of use. With this in mind, A1-printed posters 

were chosen given the livestock farmers limited access to, and experience with, 

computing interfaces.  

Based on these parameters and the user information elicited from the 

governance analysis, baseline visualisation aims and criteria were formulated. For the 

community end users, the aim was to design a poster that conveyed locally relevant 

information and could be displayed in the village school, as a way to facilitate local 

debate and inform community decisions related to this topic. For the professional user 

group, we aimed to design a poster that conveyed decision-relevant information around 

the current scientific understanding of amuna hydrology, their overall functionality and 

their significance in the context of Lima’s water resources. At this stage, the poster 

aimed at Lima citizens could not be informed by direct interaction with potential end 

users due to time and cost constraints during the interview process. As a result, baseline 

assumptions had to be made about the type of information and graphical approach that 

might appeal to a citizen of Lima interested in environmental issues.  

To begin the active design process, I described an amuna system as it is 

hydrologically understood and drafted up some initial content narratives for each of the 

posters. Individual personas that represented the three end user perspectives were 
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written. Based on these profiles, I considered which aspects of the system were the most 

relevant and potentially useful to focus on for each user group. 

 

4.2.2 End user collaboration phase  

This phase involved working directly with target end users and obtaining feedback on 

initial visual ideas and final drafts from representatives of the three end user groups. In 

addition to user group and context-specific information, the tailoring process was also 

informed by principles related to functional information design and the creation of visual 

clarity through the use of preattentive graphic features (such as colour, size, orientation, 

shape) and structure devices (such as narrative, titles, typography, annotation, repetition 

and grid-based layouts) (see Chapter 2). 

 

Sample 

The selection of participants to represent the three user groups was based on the 

following eligibility criteria. Community participants had to be current community 

members and have a livelihood-related interest in local water supply issues. Professional 

participants had to have a professional interest in amuna systems and Lima’s water 

resources. Citizen participants had to live in Lima and demonstrate a general interest in 

environmental sustainability.  

 

Participant recruitment 

Potential participants for the community user group were approached during 

MountainEVO activities in Huamantanga. Two community members volunteered to 

participate in the co-design process. The focus group was formed of a group of farmers 

who had been collaborating with the MountainEVO project during the preceding year. 

Professional participants were recruited from CONDESAN’s existing network of contacts 

within governmental (i.e. SUNASS, SEDAPAL, MINAM) and non-governmental (i.e. TNC, 

USAID, Aquafondo) organisations. Participants representing the citizen user group were 

recruited through the National Agrarian University and my own personal contacts built 

up during repeated research stays in Lima. 
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Sharing initial visual ideas 

I developed a range of potential narratives and ‘visual ideas’ for each user group based 

on my initial understanding of their needs. A shortlist of sub-topics and potentially 

accessible graphical styles, representations and design approaches were then developed 

for each user group. While remaining rough, these sketches were developed enough for 

the user to imagine the end product. Some ideas were directly related to the topic, while 

others (that did not contain directly relevant information) focused on demonstrating a 

particular graphical approach. Three sets of ideas were then printed and shared with 

seven professionals, ten citizens (including two focus groups of four participants and 

two one on one interviews) and ten community members (one focus group of eight 

participants and two one on one interviews) in Peru.  

During these end user interactions, I spent approximately ten minutes discussing 

the participant’s background, prior knowledge of the topic and what they would 

consider useful information in relation to the topic. Then, the ideas produced for their 

target group were tested in a visual way by allowing the participant to look at each 

sketch for approximately ten seconds before encouraging them to give a preference by 

asking: 

- In terms of the overall message/content, which topic/graphical idea catches your 

interest the most? 

- In terms of the overall visual appeal, which topic/graphical idea catches your 

interest the most? 

 

I then went through the designs one by one, asking a series of open questions to elicit 

more detailed feedback (e.g. What do you see?). At the end of the discussion, the two 

comparative questions were repeated to check whether their preference had changed 

(see Appendix 4 for extended question guide). Where possible, the interactions were 

conducted as one-on-one interviews. However, due to limited participant availability and 

time, three focus groups were also used to increase sample size. 

I transcribed and reviewed the recordings of these interactions. Participant 

responses from the three user groups were collated into corresponding tables; to 

identify common trends between participants from the same user groups. I reviewed my 
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initial assumptions about what might generate positive responses and re-considered any 

that were challenged.  

 

Working towards a final draft 

Informed by the end user interaction, I drew up detailed design briefs that included user 

characteristics, functionality objectives, design criteria and an outline of the content I 

aimed to convey for each product. Having made contact with creative agency ‘Soapbox 

communications Ltd’, I arranged an ‘ideation’ session with one of their infographic 

designers during which I brainstormed potential layouts and visual directions for each of 

the posters. I also shared: 

- Visual ideas/rough prototypes from the end user interaction. 

- Existing graphical products (for a range of non-scientific purposes/audiences) 

used to communicate the same or similar information to give the designer an idea 

of what had already been done. 

- Unrelated existing infographics to give the designer an idea of the structure and 

aesthetic style I thought might be suitable for each user group. 

- Sketches of the different hydrological processes I wanted to communicate. 

 

The designer generated conceptual sketches/mock-ups of the three products (Appendix 

5). Referring back to the user information gathered from end user interaction, I provided 

feedback on the designs. At this stage, I tried to ensure that there was a balance 

between including the most salient information, retaining visual clarity and presenting a 

contained narrative that guided users through the poster. The overall layout of the three 

posters was agreed on before going into the art working stage. Lastly, textual and 

quantitative information, photographs and map files were scientifically validated before 

being integrated into the designs.  

The first drafts were shared by the designer. As the intermediary within the 

design team, I had concerns about the layout and overall flow of the professional poster. 

Although individually the elements were well designed; as a package, I felt that the 

intended message wasn’t being conveyed in a way that the users would find directly 

relevant and engaging. After discussing this with the designer, a new concept was 

devised that adhered more to the requirements elicited from end user interactions. On 
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reflection, this extra iteration was a crucial period in the design process, without which, 

the design of the professional poster could have diverged from the user-centred 

approach. 

After an intensive period of iteration between myself and the designer, we 

produced a ‘final’ draft for the professional and citizen user groups that was then 

translated into Spanish and shared by email with the corresponding participants I 

consulted with during end user interaction. I also attached a link to an online survey 

asking for feedback relating to how interesting, clear, engaging and (for the professional 

user group) useful the poster was (see Appendix 6 for survey questions). Unfortunately, 

due to time, cost and technological constraints I was unable to share a final draft with 

community participants, and therefore, could not integrate a second round of user 

feedback within the design process. 

 

Working towards a final product 

I collated all feedback from respondents and identified common strengths and 

weaknesses of the products. Possible improvements were then discussed and agreed 

with the designer before producing a final product. All three posters were translated into 

Spanish and printed on A1-size paper to ensure comparability. 

 

4.2.3 End user testing phase 

Sample 

I tested the final posters on a new set of individuals adhering to the same eligibility 

criteria outlined in the previous phase. Testing on individuals that had previously been 

consulted would have introduced bias, as they could have been predisposed to favouring 

the poster that they were involved in designing.  

A total of 31 one-on-one end user testing sessions were conducted with ten 

farmers representing the community user group, ten representing the professional user 

group and eleven citizens representing the citizen user group (4 in English, 27 in Spanish). 

The age range of the community sample ranged from approximately 30-80 and seven out 

of the ten participants were male and three were female. The age range of the 

professional sample ranged from approximately 20-60 and eight out of the ten 

participants were male and two were female. The age range of the citizen sample ranged 
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from approximately 20-60 and seven out of the eleven participants were female and four 

were male.  

 

Participant recruitment 

Potential participants for the community user group were approached during a week-

long visit to the community. Professional and citizen participants were recruited as 

described in Section 4.2.2. 

 

Poster evaluation procedure 

Without any knowledge of which group each poster was tailored to, participants were 

shown the posters individually. The display order of the posters was randomized as a 

methodological precaution to minimise learned effect. Given there were three posters, 

all six possible display orders were carried out before any were repeated.  

At the beginning of each user testing session, personnel roles, study aims and test 

protocol were introduced. I then asked the participant to imagine that they had come 

across these posters within a real-world context of use, depending on the user group 

they were representing. For example, the professional end users were asked to imagine 

a scenario related to their occupation. They were also, at this stage, asked not to 

compare the posters during the test.  

The individual poster tests followed an identical protocol. The poster was laid out 

in front of the participant for three minutes. I then asked participants several open 

questions (e.g. What is it about? Which aspects, if any, catch your interest? How clear is 

the overall message?). Participants were subsequently asked to rate the posters on a 

scale from 0 to 5 in terms of the appeal (used as a proxy for interest), clarity and (in the 

case of the professional and community group) usefulness. These scores were used to 

identify relative differences between the posters. I repeated this process for the 

remaining two posters before participants were shown all three posters simultaneously 

and asked to rank them according to the same three criteria as above. Appendix 7 details 

the protocol for eliciting ratings and rankings. At the end of the interview, I explained the 

research design in more detail and elicited general feedback from participants regarding 

the effectiveness, novelty and suitability of the posters. The whole interaction took 

between 40-60 minutes and was audio-taped with permission. This combinational 
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method encompassing ratings, rankings and more open questions was used in line with 

recommendations from Bishop et al., (2013). Combining techniques in this way allows for 

more confidence in the interpretation of the results arising from the analysis. 

 

Qualitative, quantitative and statistical analysis  

I collated qualitative poster feedback for each user group to understand which aspects 

of the designs users perceived to be especially strong or weak. Based on individual 

quantitative feedback reported, I calculated the mean ratings and a cumulative ranking 

score in terms of interest, clarity and (where applicable) usefulness, for all three posters 

and user groups. The cumulative ranking score was calculated by giving first placed 

poster 3 points, second placed 2 points and third placed 1 point. Given that I was aiming 

to understand how relatively appealing, clear and useful the posters were perceived to 

be (as opposed to objective understanding), I reasoned that the elicitation of subjective 

user preferences and opinions was a suitable analytical approach to take.  

The data were analysed using IBM SPSS Version 20.0 to answer the following 

question: 

- Is there a significant difference between the mean poster ratings each user group 

gave, for each of the criterion? 

 

The Friedman test was used as the data were nonparametric, ordinal, repeated measures 

and there were groups across multiple conditions. If a statistically significant relationship 

(p = <0.05) was found, I then used the Wilcoxon signed-rank test as a post hoc analysis to 

see which two poster responses, and in which criterion, were significantly different. 

Similar statistical approaches have been used in comparable analyses to this one (Greis et 

al., 2015; McMahon et al., 2016; Skau et al., 2015). 
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Figure 27: A timeline of the collaborative design process showing how different members of the design team gave input at different stages, and how that led to 
different drafts.  
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4.3 Results  

4.3.1 Result of the end user collaboration phase  

Feedback on initial visual ideas 

Initial visual ideas were shown to participants from the three user groups (Figure 28). 

This helped to refine my understanding of each poster’s functionality, user 

characteristics and common graphical requirements for each user group.  

 

Community user group 

From my discussions with community members, I determined that end users within this 

group were likely to have limited exposure to scientific concepts and graphical 

conventions and that livelihood-related decisions were informed by experience-based, 

tacit knowledge of their environment. During these interactions, community members 

generally expressed enthusiasm for a visual aid with the potential to facilitate debate and 

inform community decision-making: 

“…students and people [from the community] who want to know more 

about all these systems can have free and easy access to the information.” 

(Community interviewee 1, October 2016) 

A focus group participant reported that they were interested in optimising amuna 

systems for local benefits: 

“There are some mamanteo canals that we use but we would like to know 

where the water goes to. We only know the direction for one or two 

canals but not for all. We are interested in determining and following the 

water flow direction in the entire system.” (Community participant 1 from 

the focus group, October 2016) 

However, these interactions indicated that community members had limited time 

availability and confidence in external information sources, especially when the 

information was not directly applicable to their daily decision-making. 

I observed some common trends during my interactions with community 

members in terms of the type of visuals that they might respond well to. However, it was 
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unclear whether a positive response to a visual idea was driven by the visual 

representation itself, or because the topic (due to its significance to the end user) 

provoked a favourable response. Most of the participants responded positively to 

photographs or images of places in their community and were occasionally influenced by 

particular words they considered meaningful in the textual information. These end user 

responses and observations fed into a more refined design criteria; stipulating the 

integration of recognisable and relatable images that would grab attention and the use 

of intuitive structural devices (e.g. title, annotation, repetition) to guide community 

members through more abstract elements. In terms of specific communication goals and 

product functionality following these interactions, I aimed to convey information about 

amunas that would ultimately help them to take action. 
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Figure 28: Three examples of initial visual ideas shared with the community members (top), professionals 
(middle) and citizen end users (bottom). 
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Professional user group 

From my discussions with professionals in Lima, I determined that end users within this 

group were likely to be university educated and familiar with basic graphical conventions. 

During the interactions, they reported that they were interested in amuna functionality 

and the potential benefits of replicating the restoration of these systems throughout the 

region: 

“We are interested in knowing whether it [the amuna system] works and 

if the beneficiaries get more water.” (Professional participant 1, October 

2016) 

However, I also observed that individuals within this user group possessed a diverse 

range of non-hydrological expertise and divergent preconceptions of these systems. 

They displayed different professional framings and interests which I thought could 

prevent (within the design process) communication of equally useful and relevant 

information for all individuals within this user group: 

“Amunas should go hand in hand with vegetation/protecting the 

pastures/forestation that will prevent sediment from going into the 

amuna.” (Professional participant 2, October 2016) 

“I need to know what kind of geological structure are better for the 

amunas system.” (Professional participant 3, November 2016) 

I observed some common trends during interactions with professionals in terms of the 

type of visuals that they might respond well to. They could accurately interpret a wide 

range of graphical approaches (e.g. statistical graphs, glyphs and geographical maps), 

but responded more positively to clear, concise chunks of information rather than 

visually cluttered displays: 

“…too much background noise with the google earth image.” 

(Professional participant 2, October 2016) 

Some participants specifically requested an explanation of relevant hydrological 

processes. These end user responses and observations fed into a more refined design 

criteria that stipulated the integration of concise, authoritative information and 
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accessible conceptual diagrams, pictograms and intuitive data visualisations. In terms of 

specific communication goals and product functionality following these interactions, I 

aimed to engage and improve user understanding of amunas, and communicate relevant, 

accurate and sufficiently novel information. 

 

Citizen user group 

From my discussions with citizens in Lima, I determined that end users within this group 

were likely to be university educated and familiar with basic graphical conventions. Many 

of them also had experience of, and were interested in exploring journalistic infographics 

online during their leisure time.  

I observed some common trends during interactions with Lima citizens in terms of 

the type of visuals that they might respond well to, although some participants reported 

diverging opinions of the ideas. Participants reported that for the message to be 

sufficiently engaging to hold their attention, the graphical elements would need to be 

either directly relatable or if not, convey a sufficiently optimistic or noteworthy message:  

“there has to be a positive outcome [from the poster] to be engaging” 

(Citizen interviewee 1, November 2016) 

Broadly, participants reported that they found the topic to be of general interest but 

considered, given the way the information was presented, any direct implications too 

intangible to leave any lasting impression: 

“Hydrological benefits of amuna restoration might be real but are quite 

intangible for lima citizens.” (Citizen participant 1 from focus group 1, 

November 2016) 

These end user responses and observations fed into the design criteria that stipulated 

the design of a visually appealing poster that provided a clear and concise story. It would 

need to provide some insight into the hydrological processes without putting excessive 

strain on, or boring, the reader. In terms of specific communication goals and product 

functionality following these interactions, I aimed to: inform and raise awareness of 

amuna systems; communicate accurate and sufficiently noteworthy/novel information; 

and elicit a positive emotional response. 
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Feedback on final drafts  

Professional user group 

I received feedback from five of the seven individuals the final draft was shared with 

(Figure 29). All of the professional respondents reported the poster to be interesting and 

of relevance to their occupation. They also reported the poster to be visually attractive 

and inviting to read. However, there were negative comments relating to insufficient 

clarity of the symbols and graphs used (Respondent A and B, respectively), the density of 

the information (Respondent C) and the logical flow (Respondent C). Interestingly, 

respondent B suggested that I integrate a decision scenario; something that I had 

already attempted to convey. Respondent C also wanted the poster to be more explicit 

about where the data were from, any assumptions that were made and how the 

underlying quantitative values were derived. Respondent D reported that the writing 

style and textual elements of the poster weren’t very clear.  

 
Figure 29: The final draft of the poster tailored to, and shared with, the professional user group (English 
version). 
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Citizen user group 

I received feedback from seven of the ten individuals the final draft was shared with 

(Figure 30). Respondents reported that the graphical elements of the poster were 

appealing, with Respondents A, B and C suggesting that they should take up more space 

on the poster. Five respondents reported that the central image of a mountain and the 

related cross-sectional diagram were especially engaging and intuitive (Respondents A, B, 

C, D, E). There were also positive comments in relation to the map and numbering system 

used to connect the amuna process across scales. In terms of improvements, 

respondents suggested either reducing the text or re-thinking the overall layout of the 

poster to improve its visual appeal and clarity. Three respondents also suggested 

including an explicit definition of amunas to improve overall comprehension and clarity 

(Respondents D, E and F). 

 
Figure 30: The final draft of the poster tailored to, and shared with, the citizen user group (English version). 
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Resulting design decisions 

All final products (Appendix 8) were informed by my original design criteria, information 

design theory (see Chapter 2), designer knowledge and user feedback from the 

collaboration phase. 

 

Community poster 

As referred to in Section 4.2.2, a final draft was not shared with community members. 

Consequently, the user-centred rationale stemmed entirely from the contextual analysis 

and end user feedback on initial visual ideas. For example, user interactions indicated the 

community would not necessarily spend time reading a lot of text without any 

immediate reward for that investment. As a result, the designer and I chose not to 

include large chunks of text. In addition to end user information we were also informed 

by infographic design theory, using connecting elements (e.g. arrows, colours, 

numbering) to create a visual path or relationship from one section of the poster to 

another (Segel and Heer, 2012). 

Simultaneous consideration of end user needs and design theory created a 

tension between the theoretical principle of visual clarity and the need to integrate 

images that resembled familiar real-world objects, such as photographs of the 

community. Ordinarily, the designer (guided by theory and experience) would have used 

a conventional geographic map to convey geospatial information to a general audience. 

However, user interaction indicated that Huamantanga community members would 

struggle to decode this type of representation. Therefore, in consultation with the 

designer, I decided to map the location of water-related features on top of a 3D aerial 

image of the community (Figure 31). The intention being to initially engage end users and 

help to connect their existing knowledge with geographical information relating to local 

hydrological features. For similar reasons, we also decided to encode non-hydrological 

reference points, such as roads and the village. Given the community’s lack of familiarity 

with mapping conventions we had to carefully consider the inclusion and design of 

symbols, and chose colours that were highly representative.  
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Professional poster 

Feedback on initial visual ideas and a final draft informed some final design decisions that 

we made to the professional poster prior to end user testing (Figure 32). They included 

adding symbols to represent community water use between stage 4 and 5 so as not to 

give the impression that water flows directly from the amuna to Lima’s reservoir. We also 

lengthened the river (to the right of step 5) so that it was clearer that the amuna water 

topped up the river base flow. In addition, we reconsidered how we would convey the 

‘unrestored’ and ‘restored’ scenarios, adding labels either side of the central river graphic 

and above the seasonal boxes. The pipe illustration in the bottom right of the poster was 

reconsidered, adding taps to the end of the pipes to make it easier to understand, within 

the four scenarios, when water is available and when it is not. Several other minor edits 

to the text, headings, graphics and data source information were also made to improve 

overall visual clarity. 

 

Citizen poster 

Feedback on initial visual ideas and a final draft informed some final design decisions that 

we made to the citizen poster prior to end user testing (Figure 33). They included 

reducing and rearranging the text so that there was a clearer visual structure and fixed 

narrative to guide the reader. We addressed some feedback relating to overall 

comprehension by including a definition of amunas in bold at the beginning of the text. 

Several other minor edits to headings and graphics were also made to improve overall 

visual clarity. 
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Figure 31: The final community poster and a blown-up section to illustrate how the designer and I explicitly included and designed the map symbols for the 
community user group (English version). 
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Figure 32: The final professional poster and three blown up sections to illustrate the type of changes that were made between final draft and final product (English 
version). 
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Figure 33: The final citizen poster and a blown-up section to illustrate the changes that were made to the text between final draft and final product (English version).
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4.3.2 Result of the end user testing phase 

Qualitative user feedback  

During the user-testing phase, participants gave qualitative non-comparative feedback of 

each poster prior to rating and ranking the three products. This gave me an indication of 

the extent to which the posters were meaningful to the end users. Participant feedback 

relating to the posters that were specifically tailored to each user group is summarised 

below. 

 

Community user group 

Eight out of ten community participants reported that they were interested in the overall 

message of the community poster, particularly the diagram outlining how the amuna 

functions and the estimated timings given for mountain water to reach their community. 

In fact, one of the participants commented:  

“Not even we knew about this” (Participant 7, May 2017).  

The two remaining participants either did not address the question directly or reported 

partial interest. In terms of clarity, seven out of ten participants reported that the overall 

message of the community poster was clear, referencing the amuna process to be 

particularly easy to understand. That said, participants also reported that certain aspects 

of the poster were confusing: 

“Some words are difficult to know.” (Participant 10, May 2017) 

“[The pasture management component] needs more explanation.” 

(Participant 8, May 2017)  

In terms of the usefulness of the information conveyed by the poster, participant 

responses were less conclusive. While nine out of ten participants scored the poster 

highly in terms of usefulness, only two of those nine could explain how such a poster 

might be useful for their daily activities. Comments were of a more general nature, 

referring to the importance of water or the amuna system (itself) so it is difficult to say 

with certainty that the information conveyed by the product would inform future 

activities.  
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For example: 

“[Amuna systems] can help my life activities, pastures for my livestock, 

and to have water in dry periods.” (Participant 8, May 2017) 

That said, two participants spoke more directly about the poster:  

“We can show this to new generations.” (Participant 4, May 2017)  

“It teaches how to be prepared when it rains to avoid wasting water. 

These are our lives.” (Participant 7, May 2017)  

If another iteration was possible, some suggested adding more labels to certain features 

on the map and changing the spelling of certain local terms. 

 

Professional user group 

Six out of the ten participants reported that they were interested in the overall message 

of the professional poster, particularly the cost-benefit bar chart comparing green with 

grey infrastructure. Several participants reported to be less interested in the scenario 

boxes in the bottom right of the poster. In terms of clarity, five out of ten participants 

reported that the overall message of the professional poster was clear, referencing the 

conceptual representation of an unrestored and restored watershed scenario. 

Participant 6 commented that:  

“As I’m an economist, I can understand the curves, the seasonality, the 

variability. I can get this rapidly, this is very didactic.” (Participant 6, May 

2017) 

However, several participants found the long-term supply/demand time series graph 

confusing. Some were also quite critical of the overall message:  

“[The message is] not well defined.” (Participant 7, May 2017)  

 “The order does not flow directly.” (Participant 9, May 2017)  

In terms of the usefulness of the information conveyed by the poster, six out of ten 

participants reported that it would be directly relevant and useful within their decision-
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making. However, one of the participants indicated that rather than as source of 

information, it might be more useful as a way to communicate with other institutions:  

“When we talk to the Ministry of Finance, they ask us to sustain our 

interventions with numbers.” (Participant 2, May 2017) 

Many participants responded positively with one commenting that:  

“Decision makers would like this one.” (Participant 1, May 2017)  

In terms of improvements, participants suggested either removing the long-term 

supply/demand time series graph, reducing the amount of text or strengthening the 

overall narrative.  

 

Citizen user group 

Nine out of the eleven citizens reported that they were interested in the overall message 

of the citizen poster, particularly the central graphic showing mountain water resources 

management under a restored and unrestored scenario. Several participants reported to 

be less interested in the photographs and map on the right side of the poster. In terms of 

clarity, nine of the participants reported that the overall message of the professional 

poster was clear, again referencing the central graphic as the element that was the 

easiest to understand. While I did not test for usefulness, two of the participants did 

report that given recent floods in the region, it is important to raise awareness in Lima 

about the management of the highlands and the rediscovery of these ancestral 

techniques. If another iteration was possible, participants would have suggested 

reducing the third paragraph of text and the number of photographs of Huamantanga.  

 

Quantitative (observed) user feedback 

Each participant reported both non-comparative ratings and comparative rankings for 

the three posters in regard to interest, clarity and (where applicable) usefulness. From 

this quantitative feedback, mean ratings (Table 3) and cumulative ranking scores were 

calculated. 
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Table 3: Mean ratings of the three posters reported by the community, professional and citizen user 
groups in regard to interest, clarity and (where applicable) usefulness. Highlights in green indicate when 
the tailored poster was rated highest by the target group both compared to the other two posters and 
compared to the other two target groups. Highlights in yellow indicate when the tailored poster was 
either rated the highest by the target group compared to the other two posters or compared to the other 
two target groups; red indicates when the tailored poster was neither rated the highest by the target 
group compared to the other posters nor compared to the other two target groups.  

INTEREST Community group Professional group Citizen group 

Community poster 4.45 3.8 3.82 

Professional poster 3.65 3.95 4.55 

Citizen poster 4.4 4.3 4.5 

CLARITY Community group Professional group Citizen group 

Community poster 3.55 3.9 3.36 

Professional poster 3.13 3.75 3.86 

Citizen poster 4.05 4.18 4.14 

USEFULNESS Community group Professional group Citizen group 

Community poster 4.55 3.83 N/A 

Professional poster 3.68 4.33 N/A 

Citizen poster 4.15 4.08 N/A 

 

Statistical analysis 

The statistical significance of the mean ratings for the three posters in regard to the 

three criteria were calculated (Table 4).  
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Table 4: A summary of statistical results. Statistically significant relationships (p=<0.05) are shown in bold. If a statistically significant relationship was found, the 
Wilcoxon signed-rank was used as a post hoc test to see which two poster responses, and in which criteria, were significantly different (also shown in bold). 
 

  Community mean ratings Professional mean ratings Citizen mean ratings 
  Interest Clarity Usefulness Interest Clarity Usefulness Interest Clarity 
Friedman 

test 
χ² (2) 7.6 8 10.129 4.88 2.25 2.6 4.345 7 
P value 0.022 0.018 0.006 0.087 0.325 0.273 0.114 0.03 

Wilcoxon 
signed 

rank 

Community - Citizen 
Z = -0.378 
P = 0.705 

Z = -1.59 
P = 0.112 

Z= -2 
P = 0.046 

N/A N/A 

Z= -2.456 
P = 0.014 

Community - Professional 
Z = -2.264 
P = 0.024 

Z = -1.51 
P = 0.131 

Z = -2.496 
P = 0.013 

Z= -1.472 
P = 0.141 

Citizen - Professional 
Z = -1.841 
P = 0.066 

Z = -2.264 
P = 0.024 

Z = -1.717 
P = 0.086 

Z= -0.828 
P = 0.408 
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Community user group 

For the community user group, there was a significant difference between the three 

posters in terms of interest (Table 4). This was driven by community members rating 

their interest in the community poster significantly higher than the professional poster. 

The results indicate that there was a significant difference between the ways in which 

community user group reported the clarity of the three posters (Table 4). This was driven 

by community member rating the clarity of the citizen poster significantly higher than the 

professional poster. The results indicate that there was a significant difference between 

the ways in which the community user group reported the usefulness of the three 

posters (Table 4). This was driven by community members rating the usefulness of the 

community poster significantly higher than the citizen poster and professional poster.  

 

Professional user group 

For the professional user group, there was no significant difference between the three 

posters in terms of interest, clarity and usefulness (Table 4).  

 

Citizen user group 

For the citizen user group, there was a significant difference between the three posters 

in terms of clarity (Table 4). This was driven by citizens rating the clarity of the citizen 

poster significantly higher than the community poster. They had no significant 

differential reaction to the professional poster. 

 

4.4 Discussion  

4.4.1 Did the iterative, user-centred and collaborative approach to tailoring demonstrably 

improve the effectiveness of infographic-style products for non-scientific audiences? 

The end user testing results indicate that the iterative, user-centred and collaborative 

approach did demonstrably improve the effectiveness of infographic-style products 

tailored to the community and, to some extent, citizen user group. Although some of the 

expected differences were not observed and/or not significant, in any of the significant 

interactions that involved the tailored poster for that specific group, the hypothesis was 

supported (Table 4). 
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Reflecting on the mean ratings (Table 3), Huamantanga community members responded 

most favourably to the community poster in terms of interest and potential usefulness, 

while citizens regarded the citizen poster to be the most interesting of the three. These 

results demonstrate that in both cases the products conveyed information relating to 

amunas that was of a highly relevant nature. The professionals responded most 

favourably to the professional poster in terms of usefulness demonstrating that, 

compared to the other two posters, the professional poster offered information that 

matched more directly with the professionals’ decision-making processes. The 

professionals less favourable response in terms of interest and clarity could be partly 

explained by the fact that the professional user group, although distinct from the other 

two groups, was internally still relatively heterogeneous in terms of background, prior 

knowledge, framings and information needs. As a result, designing a product that would 

be of interest to everyone within this group was always going to be challenging.  

What is also interesting to note is that professional participants representing the 

national water regulator (SUNASS) and Lima water company (SEDAPAL) responded 

more positively to the tailored product than those from other institutions. This is not 

entirely surprising given that they have shared priorities and regularly collaborate. 

However, this may also indicate a slight bias in the design process towards these two 

perspectives given that three of the seven participants that provided feedback on initial 

visual ideas, and two out of the five participants that provided feedback on the final draft, 

were from these two institutions. Clearly, this would be less of a consideration when 

developing a product with a specific institution or individual end user. If there were to be 

another round of iterations, I would have tried to improve clarity by dividing the 

professional user group up into separate institutions and tailoring narratives even more. 

Another approach would be to co-develop a multi-actor interactive tool that allowed 

Lima professionals to create their own tailored story.  

For the citizens, tailoring led to the development of a poster that was 

considerably clearer than the community poster (mean rating = 4.14 and 3.36 respectively 

(Table 3)). This result and their comments during end user testing indicate that the 

specific references/terms and community-level framing of the google map may have 

disoriented citizens. Although a little surprising, the relatively positive response of 

citizens to the professional poster may have been due to the participants’ high level of 
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interest in the topic (Lima’s water supply) and familiarity with quantitative information 

due to their university education and occupation. As a result, what would be of interest 

to the professionals and citizens, may have overlapped considerably throughout the 

design process. If I had shown the professional poster to Lima citizens without any 

scientific background or interest in environmental issues it is likely that I would have seen 

a different result. 

The consistently positive responses to the citizen poster by all user groups (with a 

mean rating >4 in all three categories (Table 3), and the highest number of firsts in the 

ranking scores could be partly due to conceptual overlap between certain categories of 

end users within the sample. For instance, while community members and professionals 

are also citizens, community members are not professionals and professionals are not 

community members. Furthermore, the poster was aimed towards the broadest group 

of people, with the least amount of prior knowledge and produced by a designer that 

was predisposed to engaging general audiences. Consequently, while it may not have 

conveyed the most directly useful information for the professional and community 

participants, it was often considered a close second.  

 

4.4.2 Added value of adopting an iterative, user-centred and collaborative design 

approach  

What difference did initial end user interaction make to the design process? 

The MountainEVO project (see Section 1.4) had conducted multiple field studies of the 

community and its relationship with governmental and international actors in Lima. 

Prolonged engagement with community members and a range of water-related actors in 

Lima helped us establish a certain amount of credibility and legitimacy during the 

subsequent design sessions. These interactions with target end users helped to 

crystallise my understanding of each user group’s decision-making context, graphical 

preferences and information needs. However, when sharing initial visual ideas, it was 

unclear in some cases whether participant opinions were genuine responses to a 

particular design or a function of the incomplete and aesthetically unpolished nature of 

the sketches shared.  

For the community group, I was able to confirm my initial assumption that real-

world or photographic images would be a more effective visual direction than abstract 
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visualisations. That said, responses did diverge as some participants were far more 

comfortable with scientific conventions than others. This could have been due to the 

training those particular community members had received from local partners.  

For the professional user group, I was able to confirm my initial assumption that 

this end users would be familiar with a wide range of graphical approaches. However, 

responses diverged with regards to the style of map (traditional GIS vs google vs 

illustrative), the use of scientific language and willingness to explore layers of 

information. In terms of the type of information, I could confirm that end users were 

interested in being presented with, and comparing different policy scenarios. End users 

primarily wanted to be presented with information that was relevant to their occupation, 

rather than feeling like they are being persuaded or emotionally manipulated in some 

way. I also discovered that end users responded positively in terms of the credibility and 

legitimacy of the designs; not only to transparency relating to where the information 

came from, but also to visuals that appear to be professionally designed.  

For the citizen user group, interactions broadly confirmed my theoretical 

assumption that general audiences find visualisations with clear narratives more 

engaging and easier to comprehend. As expected, they did not respond well to being 

presented with lots of information, that distracted them from the main message. End 

user interaction indicated that they were keen to learn something new, and of note or 

benefit to themselves or a group of people that they empathised with. While a 

worthwhile exercise, the interactions did not help to clarify whether framing Lima water 

users within the story would be an effective engagement strategy or not. For some, it 

was hard to see themselves as related to the story and therefore direct beneficiaries. 

 

What did I learn from the whole co-design process? 

Throughout the whole collaboration, I observed that even though each user group was 

distinct from each other, there still remained diverse end user characteristics within user 

groups. This was particularly apparent within the professional user group due to the 

range of expertise, policy interests and professional contexts being represented. While 

diversity restricted the tailoring process, revealing elements of alternative framings in 

such a visual manner could help actors to be more reflexive and sensitive to differing 

perspectives within collaborative decision-making. 
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When interacting with both Lima groups, participants would occasionally focus on how 

other users might respond rather than seeing themselves as end users. This could have 

been because they saw themselves more as consultants rather than beneficiaries of the 

information or product. For example, during end user testing, ministerial participants 

talked about using the posters as tools to convince other governmental agencies of the 

value of amunas, rather than something that they found informative and useful for their 

decision-making. This effect is, to a large extent, unavoidable given that test participants 

were required (for experimental purposes) to have no prior experience with earlier 

designs up until that point in the process. However, if they had participated in the 

collaborative design process and had a more explicit interest in the outcome, their 

perception of their role may have been different. 

Community participants seemed to use the terms interest, importance and 

usefulness interchangeably. Throughout the design process, it was also difficult to 

disentangle whether the community participants were responding to the visual 

representation, the information being conveyed, the underlying topic or a combination 

of the three. For example, they would often give their opinion of the usefulness of water, 

rather than the particular type of water-related information being conveyed. These 

complications could have been due to a lack of clarity in the question wording, or the 

overall purpose of the activity. Alternatively, the idea that someone would ask them 

about how information is presented rather than the information or physical entity itself, 

was perhaps too far removed or abstract an idea for them to conceptualise.  

On the other hand, participants from the professional and citizen user groups may 

have had a greater understanding of my intentions having had more contact with 

researchers. Participants may also have been positively influenced by their natural 

inclination to be helpful and overly-complimentary. This increased awareness could have 

introduced a number of factors related to the Hawthorne effect, whereby participants 

change their responses due to their awareness of being observed.  

I learned that it is vital within such a collaboration for the intermediary to bridge 

both scientific and end user perspectives, ensuring that the scientific information is 

sufficiently accurate while remaining relevant and as concise as possible. This person 

must remove their own and any other non-user perspectives from the design process. 
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Furthermore, the scientific integrity of the product should be solely informed by 

consultation with scientists; and how it is communicated, through end user collaboration.  

 

4.4.3 Limitations of the approach 

These methods were employed to meet the primary objective of testing whether explicit 

consideration of, and direct interaction with, target end users, leads to the development 

of more interesting, clearer and more useful visualisations (as perceived by the end user). 

While the provision of usable end products was the real-world aim, testing and reflecting 

on the design process itself was more of a consideration from a research perspective. As 

such, the end products may not be as effective as they otherwise would be if I had only 

been trying to develop a product for one specific end user, rather than contrasting 

poster efficacy. If that had been the case, I would have been able to tailor the medium, 

content and level of interactivity with the product to the specific end user. For the 

purposes of this exploratory study, I had to provide some novel and relevant scientific 

information that could potentially be of use to a range of non-scientific groups within the 

Peruvian water resources decision-making context. As a result, the information conveyed 

may not necessarily be as salient as it would have been if only one product was being 

developed. 

An inherent limitation of group co-design sessions is the possibility of 

acquiescence (agreement) bias as group responses converge around the most 

outspoken participants (Arcia et al., 2016). In this case, my ability (as the facilitator of 

these meetings) to assess responses may have been compromised when more dominant 

participants influenced the responses of other participants, and in some cases even 

prevented them from expressing their opinion of the designs. For example, due to a 

power imbalance within the community focus group, most of the feedback came from 

two senior community members who I had already established relationships with.  

During the end user testing phase, the order in which participants ranked the 

three posters at the end of the interaction was not always consistent with the ratings 

given earlier. It is possible that some of the participants, particularly community 

members with limited numeracy and survey experience, did not fully understand the 

response scales. Similarly, intermediary-participant power dynamics during interactions 

could have skewed the results due to the reluctance of participants to give negative 
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feedback. Although preventative measures were taken, community members would 

occasionally walk into the room and interact with the participant, which could have 

affected subsequent responses.  

During both the collaborative and end user testing phase anchoring effects, 

brought about by showing multiple representations of the same underlying data, may 

also have led to inconsistent or inaccurate response data. Changes in order of 

presentation helped mitigate but not altogether eliminate those effects. For example, 

when asked to comment on the absolute effectiveness of one of the posters, 

participants may have accidentally used one of the previous posters I had shown them as 

a benchmark or anchor to judge against. Ideally, I would have liked to have eliminated 

this effect by using a much larger sample and only showing one poster to each 

participant. 

The quality and accuracy of feedback throughout was also almost certainly 

constrained by the participant’s context, status and personality. For example, their 

interests, motives, perception of others and self-perception of their role within the 

process, may have had a significant effect on their interpretation of the posters and 

ultimately their verbal responses. 

 

4.5 Conclusion 

Towards the tailoring of three infographic-style posters in the context of Peruvian water 

governance, I piloted an iterative, user-centred and collaborative approach to poster 

design comprising two stages of direct interaction with end users. I used this approach in 

an attempt to develop visual products appropriately tailored to three non-scientific user 

groups within the case study. I showed that this approach can contribute to the design of 

more interesting, clearer and more useful visual products than traditional approaches 

where the products are developed solely by the information providers. Despite the 

collaborative elements of the process, I would expect design outcomes to be further 

enhanced by even greater demand-side buy-in and participation.  

Target end user interaction and tailored poster evaluation indicates that general 

audiences tend to find visualisations with clear narratives more engaging and easier to 

comprehend. Our results also suggest that, when targeting community members with 
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similar characteristics to those from Huamantanga, the integration of recognisable or 

photographic images helps to grab attention and contextualise scientific information. 

While these results can be applied specifically to this context, given the small sample size 

preferences should not be directly applied to other professional, community or citizen 

groups. However, the real value of this work has been in developing a UCD methodology 

which can indeed be enlisted in other contexts. 

While I should be cautious in drawing general inferences from such a small sample 

of results, greater success with Huamantanga community members indicates that user 

groups with greater homogeneity, in terms of their characteristics and requirements, 

could be particularly suited to this approach. On the other hand, interacting with broader 

end user groups (e.g. water-related professionals or citizens) that comprise of diverse 

framings, epistemologies and professional requirements, may offer limited added value 

given the extra resources and time that would be required.  

Finally, this study provides much needed empirical evidence for greater 

incorporation of UCD methods within science-informed decision-making contexts. I 

demonstrate the value of conducting exploratory methodological research; and, critically 

reflecting on our role as information producers and providers and how we, and the 

information we communicate, are perceived by those we hope to support.  
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CHAPTER 5: CONCLUSIONS AND RECOMMENDATIONS  

In this section, I address the overall aim: to explore the potential role of visualisations 

and visualisation design approaches within the context of multi-actor water governance. 

The different studies from chapters 2-4 have provided several insights. I continue by 

addressing my specific objectives and end with recommendations for future research. 

 

5.1 Conclusions 

5.1.1 The main principles of visualisation 

In Chapter 2, I showed that visualisations are potentially powerful tools to engage 

environmental decision makers with unfamiliar and complex subject matter. Despite 

recent technological and research advances in visualisation, visualisation-based systems 

developed within environmental sciences often fail to engage end users. I explained that 

this is due to a lack of visualisation expertise within applied environmental sciences, 

particularly when needing to communicate with non-scientific audiences such as decision 

makers. As a result, there is limited consideration given to user needs and characteristics 

during the design process.  

The psychological and cognitive sciences have advanced our understanding of 

how the visual brain works and development of complementary visual design principles. 

These include the use of grouping principles (i.e. proximity, similarity, enclosure, 

continuity and connection) to take advantage of the visual brain's ability to detect basic 

differences without effort. Structural devices (i.e. layout, titles, annotation, hierarchy, 

narrative) can also be integrated within designs to guide readers and draw attention to 

most salient aspects of the information. Storytelling is a particularly effective way to help 

audiences digest often complex information in a memorable way. However, when 

adopting such techniques scientists should consider framing effects, the potential 

emotional response of the user and the perceived legitimacy and credibility of the tool.  

Visual form should primarily be determined by the overall purpose of the display 

rather than being influenced by previous experiences, default options or techniques 

users are already familiar with. Form and structure should be optimised prior to selection 

of colours and style-related embellishments. Furthermore, colour should be used in a 

functional manner based on data structure, perceptual principles and existing 
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connotations or other user-specific cognitive factors. It is also recommended that 

complex graphical displays are broken down into visual ‘chunks’, to avoid overloading 

the reader with unnecessary ‘visual clutter’. Finally, adhering to user heterogeneity, 

visual representations should be tailored to specific user needs and context. 

 

5.1.2 Specific graphical challenges for environmental science 

Visual representations of information are ubiquitous within environmental science, and 

are becoming increasingly important when communicating complex environmental 

processes to unfamiliar audiences. Maps are fundamental to environmental disciplines 

interested in displaying geospatial information and, as a result, they are often seen as the 

default approach within spatial decision support contexts, even when other approaches 

provide more clarity. Using maps to communicate to non-scientists requires careful 

consideration of map projections, scales and symbolisations. Otherwise there is a risk of 

potentially biasing scientific messages and, as a consequence, presenting a misleading 

impression of reality. The high dimensionality of hydrological information presents a 

unique set of challenges. While recent advances in interactivity and computing offer 

great opportunities to convey spatiotemporal information simultaneously, many decision 

support tools fail to fully engage with the user perspective. It is also important to 

consider how uncertainties associated with environmental observations or models are 

conveyed visually to non-scientists. Without an explanation of the underlying quality of 

the knowledge production process, users could either perceive the information as non-

trustworthy or worse still, leave them with a false impression of truth. In Chapter 2, I 

outlined a range of decision-making contexts and available techniques for incorporating 

uncertainty within environmental data visualisation, emphasising the need for a user and 

task-driven approach. I also argue for more extensive field testing of these techniques 

towards the development of empirically-validated guidelines for decision support 

contexts. 

 

5.1.3 A framework for visualisation design in non-scientific, environmental decision-making 

contexts 

In Chapter 2, I developed a theoretical design framework for the production of effective 

visualisations within environmental decision-making. Visual encoding, decoding and 
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contextual considerations from multiple disciplines were synthesised to provide best 

practice for applied research. I outlined a four-phase approach that emphasised explicit 

consideration of user characteristics and iterative involvement of end users throughout a 

design process. Embracing user heterogeneity in this way should help to communicate a 

tailored data story via a medium, and in a format, that is sensitive to user requirements 

and decision-making environments. Salient and credible scientific information should be 

conveyed through user-legitimate channels that enable the generation of actionable 

understanding on their own terms. 

 

5.1.4 How scale framings and policy storylines shaped recent water resources decision-

making in Peru 

In Chapter 3, I use the capital city of Peru (Lima) and a highland community with strong 

ties to Lima (Huamantanga) as a case study, to analyse an eleven-year period of 

significant water governance reforms. By identifying five prominent water-related frame 

dimensions and three differently scaled policy storylines, I reveal how frames from a 

multitude of interests and perspectives developed and intersected over time, and across 

scales. Supported by particular visualisations circulated between actors, these persuasive 

narratives either foreground ‘urbanshed’-level investment in water supply infrastructure, 

community-level cultural restoration for improved local agricultural production, or 

nationwide watershed-level financial mechanisms for highland ecosystem conservation. I 

showed how the intersection of these storylines at different moments during the 

process often had a strengthening effect, creating a coalition of actors who were then 

able to generate sufficient momentum and support within the Peruvian government for 

the implementation of conservation-based watershed investments. This also had a 

significant impact on relationships between highland communities and actors in Lima. 

 

5.1.5 The potential added value of an iterative, user-centred and collaborative visualisation 

design approach  

Chapter 3 provided a detailed understanding of key actors, the pre-existing role of 

visualisations and the variety of potential contexts of use within Peruvian water 

governance. This case study laid the necessary foundations to return to Peru and trial the 

visualisation design framework outlined in Chapter 2. Three infographic-style posters 
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were developed in collaboration with three distinct user groups (defined as community, 

professional and citizen), hydrologists and a professional graphic designer. The results 

indicated that an iterative, user-centred and collaborative approach contributes to the 

development of comparatively more interesting, clearer and more useful visual products. 

Positive responses from Huamantanga community members to their tailored poster 

suggests that this approach could be particularly effective when targeting user groups 

with greater homogeneity, and in contexts when there is sufficient buy in to sustain 

active participation. Responses from the professionals and citizens in Lima were less 

conclusive, reflecting the diverse range of expertise, interests and preferences 

represented within these two user groups. The co-development of visual ideas early on in 

the process helped to crystallise our understanding of visual requirements, and rule out 

less relevant content. In fact, several more iterations would mostly likely have improved 

outcomes and helped to mitigate some of the methodological biases I experienced. 

 

5.1.6 An empirically-driven methodology for designing and user testing visualisations 

within multi-actor water governance 

Reflecting on the design process as a whole, several lessons can be drawn from the 

experience towards a more refined, empirically-based tailoring methodology. The 

protocols developed for the co-design sessions would have benefited from several trials 

and iterations themselves to sharpen the structure and choice of words. Furthermore, 

the design of these sessions and associated materials could have been improved with 

input from a range of fields with expertise in user-centred design (e.g. usability 

engineering, product design, user research, user experience design) (Boulton et al., 2012). 

This was referred to in the original design framework but, given time and cost constraints, 

was unfeasible within our study. This experience also confirmed the need for long-term 

and inclusive collaborations between scientific and non-scientific communities as a way 

to build mutual trust. Clearly articulating everyone’s role and exchanging reciprocal and 

nonreciprocal aims early in the process would also improve the legitimacy of the process. 

In terms of the designs themselves, I would urge a broad range of visual ideas and mock-

ups be exchanged, within a broad consideration space, early on in the process so as not 

to close down potentially promising options. 
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5.2 Recommendations for further research 

While this thesis provides a basis for user studies, our understanding of how decision 

makers engage with or even perceive visuals remains empirically unchallenged. Filling 

these critical knowledge gaps requires extensive empirical work in a range of decision-

making contexts before common design principles can be identified. Furthermore, until 

we improve understanding of how humans process, contextualise and act on new 

knowledge (as discussed in Section 2.1.1), the uptake of science within decision making is 

likely to remain difficult to observe. Another angle for future research could be to 

examine how different non-scientific audiences respond to alternative visual styles and 

levels of interactivity. In particular, increased attention should be given to learning from 

the engaging science-based interactives being developed by data journalists.  

Chapter 4 evaluated the effectiveness of visualisations in terms of interest, clarity 

and usefulness. However, one important question that future studies could address is: 

What constitutes an effective visualisation within water governance? The findings of this 

research indicate that user engagement would be a reasonable place to start looking 

given that it could be seen as a prerequisite to fulfil other criteria. Visualisation efficacy 

could be conceived in abstract terms by concentrating on meaningfulness, feeling and 

learning. However, it is perhaps more important that the success of a science-based 

visualisation is ultimately determined by end users, and their perception of whether it 

has served its purpose.  

Visualisations are often re-used by different actors, in different contexts, for 

different purposes. It would therefore be worthwhile to explore these processes, and 

experiment with adaptive visualisation systems that route users away from poorly 

tailored displays to displays tailored to them. To echo recommendations made by 

McInerny et al. (2014) and Daron et al. (2015), the development of visuals that effectively 

exchange complex knowledge requires increased and sustained collaboration between a 

broad range of academic disciplines, non-academic experts and most importantly of all, 

user communities.  
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APPENDICES 

Appendix 1: List of publications and conference presentations 

Chapter 2 gave rise to the following publication: 

- Grainger, S., Mao, F., Buytaert, W., 2016. Environmental data visualisation for non-

scientific contexts: Literature review and design framework. Environ. Model. 

Softw. 85, 299–318.  

 

Chapter 3 also gave rise to a publication, which has been accepted and is currently in 

review: 

- Grainger, S., Hommes, L., Karpouzoglou, T., Perez, K., Buytaert, W., Dewulf, A. 

2017. The development and intersection of highland-coastal scale frames: A case 

study of water governance in central Peru. Journal of Environmental Policy & 

Planning. 
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- Grainger, S., Ochoa, B., Dewulf, A., Buytaert, W. 2017. Tailoring information 
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- Tailoring hydro-infographics in the Peruvian Andes through user-centred (co-) 

design, at the 5th International Conference on Climate Services, Cape Town, South 

Africa, 2017. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

160 

Appendix 2: Predetermined themes and typical questions covered during 

semi-structured interviews in Lima  

While each interview protocol was tailored to the specific organisation and participant’s 
role, similar predetermined themes and questions were covered during the interviews:  
 
1. Introduction 

- Please describe your organisation’s main activities. 
- Please describe your organisation’s main aims. 
- What’s your role within the organisation? 

2. Huamantanga 
- Please describe your organisation’s connection to Huamantanga and its 

community members. 
- Why is your organisation interested in Huamantanga? 
- What do you hope to achieve? 

3. Water resource policy 
- Please describe your organisation’s role within the recent water reforms in Peru. 
- How have things progressed recently? Thoughts on why? 

4. Information sharing 
- Please describe how scientific information and knowledge is treated within your 

organisation.  
- Please describe how scientific information and knowledge is communicated 

between colleagues and other stakeholders. 
- What type of communication products have been produced/shared by your 

organisation? 
5. Relationships 

- Please describe the role of other organisations working within the water 
resources in this region? 

- Which stakeholders do you work closely with? 
- How do relationships differ? E.g. areas of disagreement? 
- How have these relationships changed recently? 

6. Spatial scale of interest 
- What regions of Peru are you interested in? 
- Does this conflict with other actors? 
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Appendix 4: Interview/focus group question guide covered when sharing 

initial visual ideas 

While the interview/focus group protocol were tailored to each user groups, similar 
predetermined themes and questions were covered:  
 
1. Opening questions: 

- What do you do? Job? 
- How is that related to water/amunas? 
- Would you like to know more about amunas? 
- Would you be interested in receiving some kind of visual product about amunas?  

 
2. Show each visual idea for a maximum of 10 seconds, then ask: 

- In terms of the overall message/content, which topic/graphical idea catches your 
interest the most? Why? 

- In terms of the overall visual appeal, which graphical catches your interest the 
most? Why? 

 
3. Questions for each idea: 

- What do you see? 
- What is it about? 
- What does it make you think of? 
- Does it make sense? 
- If not, what would need to change? 
- How could it be improved for you? 
- Is the information useful? 

 
4. Unstructured discussion about overall narrative.  
 
5. Repeat preference questions: 

- In terms of the overall message/content, which topic/graphical idea catches your 
interest the most? Why? 

- In terms of the overall visual appeal, which graphical catches your interest the 
most? Why? 
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Appendix 5: Conceptual sketches of the three infographics (kindly provided 

by Soapbox communications Ltd). 
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Appendix 6: Online survey for final draft 

While the surveys were tailored to each user groups, similar themes and questions were 
covered in all cases.  
 
Bearing in mind the final product will be printed on A1(594mm × 841mm) paper, please 
consider from your perspective the extent to which: 
 

- The information conveyed is interesting (on a scale of 1 to 5, 1 strongly disagree 
and 5 strongly agree).  

- Which specific features are or are not of interest to you? 
 

- The infographic helps you understand the topic (on a scale of 1 to 5, 1 strongly 
disagree and 5 strongly agree). 

- Which specific features do or do not help you to understand to topic? 
 

- The infographic is visually attractive and inviting to read (on a scale of 1 to 5, 1 
meaning strongly disagree and 5 meaning strongly agree). 

- Which specific features are or are not visually attractive and inviting to read? 
 

- Do you have suggestions to improve the infographic? 
 
[Professional user group only] 

- The information provided is useful within your job (on a scale of 1 to 5, 1 meaning 
strongly disagree and 5 meaning strongly agree). 

- Which specific features are or are not useful within your job? 
 

- In what professional situation would you share the infographic or its content?  
- How would you share it (for what audience, hoping for what effect)? 

 
 

Thanks very much for your time! 
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Appendix 7: Final product user testing protocol template  

The individual poster tests followed an identical protocol template. The poster was laid 
out in front of the participant for three minutes before asking: 
 
What is it about?  
Interest: 

- Are there aspects of the poster that catch your interest/attention? If so, which? 
- Which aspects are of least interest? 
- How interested are you in the overall message? 
- In terms of interest, can you rate it between 0 and 5? 

Clarity: 
- Which aspects of the poster are the clearest? 
- Which aspects are the hardest to understand? 
- How clear is the overall message? 
- In terms of clarity, can you rate it between 0 and 5? 

Comprehension: 
Community poster 

- What is the name of the mamanteo described in the poster? 
- What affect does natural pasture have on the time it takes for the water to 

reach the stream? 
Citizen poster 

- When were the amunas originally built? 
- What is the delayed amuna water used for? 

Professional poster 
- At what time of the year is there a water deficit for Lima? 
- What is the difference between the left and right side of the poster? 

Usefulness: 
- Are there aspects of the poster that are useful for your activities? Which? 
- Which aspects are least useful for your activities? 
- Overall, how useful would it be for your activities? 
- In terms of usefulness, can you rate it between 0 and 5? 

 
The protocol was repeated for remaining two posters before showing them all three 
simultaneously and asking participants to rank them using the same three criteria.  
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Appendix 8: Final products shared with the community (top), professional 

(middle) and citizen (bottom) end user groups (English versions). 
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