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a b s t r a c t

Seasonal to decadal climate predictions have the potential to inform different sectors in adapting their
short to medium term practices and plans to climate variability and change. The data these predictions
generate, however, is still not readily usable, nor widely used in decision-making. This paper addresses
two key challenges: a domain challenge pertaining to an emerging climate services market, where users,
tasks and data may be unknown; and an informational challenge pertaining to the interpretation, use
and adoption of novel and complex scientific data.
The paper provides insights into the contributions design can offer to the development of climate ser-

vices. We illustrate the key steps and share the main lessons learnt from our experience in the creation of
Project Ukko (http://project-ukko.net), a fully working climate services prototype developed within the
European project EUPORIAS. To address the domain challenge in climate services, extensive engagement
with science and industry stakeholders was required. To address the informational challenge, we applied
visualisation techniques that can help users to interpret and utilise the information as simply and quickly
as possible. Fostering interdisciplinary teams of design researchers, climate scientists and communica-
tion specialists brought a wide range of expertise and competences in all stages of climate services devel-
opment. Specifically, the project recognised the role of users in co-designing the product. This helped to
improve the usability of climate predictions, tailor climate information to answer actual needs of users,
better communicate uncertainty, and bridge the gap between state-of-the-art climate predictions and
users’ readiness to apply this novel information.

� 2017 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Practical Implications

Recent advances in data provision from climate modelling can increase resilience of society to climate variability and change.
Seasonal to decadal climate predictions deal with forecasts for future times ranging from more than two weeks to one year (sea-
sonal) and up to 30 years (decadal). Seasonal to decadal climate predictions can inform short to medium term decisions in different
sectors. This data is, however, still of a limited use and scientists are on a learning curve in their understanding of how to tailor cli-
mate information to support decision-making in different sectors, and ultimately facilitate its uptake in the industry arena. To demon-
strate the potential to transform this information into useful and usable products, epitomised in climate services, this research
developed a fully working prototype of a climate service to provide climate predictions tailored to the specific requirements of users
in energy sector.

Climate services need to meet users’ needs, capabilities and decision framings and thus collaboration with potential users from
an early stage of the service design process is necessary to provide products and services that are likely to be used. The emerging
field of climate services also entails an evident informational challenge. This concerns the probabilistic nature of climate predictions,
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i.e. this information gives the probability of occurrence of certain outcomes as projected by the model, rather than a deterministic,
single future prediction. The informational challenge in climate services presents also the requirement to communicate and present
complex scientific information to decision makers in industry, particularly considering various decision-making framings and the
diversity of the needs that should be addressed. In this context, design and data visualisation are well-established fields with exten-
sive experience in tackling informational challenges.

To put the seasonal forecast service into practice, we introduced a design research and visual design component to tackle the
recognised challenges related to an emerging climate services market and complex scientific data interpretation, as well as its trans-
lation into usable and relevant knowledge. An interdisciplinary team, composed of design researchers and climate scientists, accom-
panied by a data designer, worked on integrating a design and visualisation approach in the development of the climate service. The
result of this collaboration, which broke from a standard single discipline approach, was a climate service prototype – Project Ukko.

The Project Ukko visualisation interface provides seasonal wind speed predictions for decision makers in wind energy. It presents
seasonal wind speed forecasts by using symbols that summarise different forecast parameters in the dimensions of a single line.
Specifically, these lines encode prediction skill through opacity, predicted wind speed through line thickness, and predicted trend
of wind speed through line tilt and colour. A multidimensional data display enables drawing the viewers’ attention immediately
to those spots with larger probabilities of significant changes in wind speed.

The development of Project Ukko included involvement of potential end-users throughout the climate service design and visual-
isation process, using different user engagement methods and deploying various communication channels. This helped strengthen
the provider-user interface for the climate service.

By describing the key steps in the development of the climate service prototype tailored to the specific requirements of users, this
work provides recommendations and guidelines to overcome the challenges entailed in the development of a climate service. The
main lessons learnt in this process that we would like to share with climate services developers are the following:

1. The first step is to identify, through user consultation, in which areas climate predictions can improve decision-making processes

and convey the utility of specific services in the effectiveness of users’ day-to-day work. The early stage of the development pro-

cess should be devoted sufficient time, to encompass extensive domain and task characterization and bridge the gap between the

languages of experts with different fields of expertise.

2. An interdisciplinary team, bringing together scientists, users and designers, is needed to develop an effective solution to putting

probabilistic information into an interface that might be used by decision makers. Interdisciplinary teams, however, need clear

contexts of collaboration and sufficient learning time to develop mutual understanding.

3. Establishing an effective service provider–user interface is necessary to elicit requirements for a product that the user may pre-

viously not have considered. End-users and other relevant actors in the science, industry and design sectors should be engaged

throughout all stages of the design of a climate service. Applying a variety of user-engagement methods, including conventional

ones – surveys, interviews and consultations, as well as more novel ones – design workshops, interactive exhibits and festivals,

can help define the problem and domain space, collect user feedback on early versions of prototypes or evaluate the final climate

service.

4. Visually representing probabilistic information can entail a compromise between scientific soundness, functionality and aesthet-

ics. A successful visual design application helps users to capture and understand the information provided by a climate service as

simply and quickly as possible.

5. A well-structured dissemination and engagement strategy executed through different communication and discourse channels, as

well as direct involvement of potential users in the prototype co-creation, can make more likely the penetration of a climate ser-

vice in users’ decision-making processes.

6. Finally, due to the complexity and novelty of the climate services field, it is not always possible to meet user expectations or fully

answer their needs. Any climate service design should, however, consider and evaluate users’ feedback to the greatest extent

possible and adopt full co-design as a primary strategy, particularly when it comes to user interface characteristics and additional

data and functionalities needed.
1. Introduction

In the last decades climate change has caused impacts on natu-
ral and human systems on all continents and across the oceans
(IPCC, 2014). Socio-economic costs, associated with climate change
damage and need for adaptation, are expected to escalate.
Increased costs are not only related to increased frequency and
severity, but also to the timing uncertainty of these extreme events
(Van Alast, 2006; IPCC, 2014). Access to credible weather and cli-
mate information has the potential to improve our resilience to cli-
mate variability and change. Advances in the science behind
climate predictions are creating an unprecedented potential to
provide climate forecasts over the coming months, seasons and
decades (Doblas-Reyes et al., 2013; Goddard et al., 2010).

Seasonal to decadal (S2D) climate predictions deal with fore-
casts for future times ranging between more than two weeks and
slightly longer than one year (seasonal) up to 30 years (decadal)
(Doblas-Reyes et al., 2013). We are, however, still on a learning
curve in our understanding of how to tailor S2D climate informa-
tion to support decision-making in different sectors, and ultimately
facilitate its uptake. Awareness of recent advances in S2D climate
predictions and their possible applications is limited in the indus-
try arena (Bruno Soares and Dessai, 2016; Dilling and Lemos, 2011;
McNie, 2007). To demonstrate the potential to transform this infor-
mation into useful and usable products, epitomised in climate ser-
vices, the EUPORIAS project set out to develop fully working
prototypes of climate services to provide climate predictions tai-
lored to the specific requirements of users in different sectors.

To date, the emergence of an industry of climate services has
been driven principally by climate information providers, such as
national meteorological agencies and climate research institutes
(Vaughan and Dessai, 2014). Since the publication of the European
Commission’s roadmap for climate services (EC, 2015; Street,
2016), it has been clear that it is necessary to strengthen the
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provider-user interface. Moreover, our previous experience already
indicated that service and visualisation design might contribute to
achieving a functional provider-user interface (Davis et al., 2015).
To this end we embarked upon an iterative, human-centred
approach to develop service prototypes that demonstrated service
capability and ensured that design was central to this activity.
Design Study Methodology (Sedlmair et al., 2012) was used to
guide this process. Initial aims were to have the end-user at the
centre of the development engaged in co-design and co-creation
of the prototype climate services through a range of participatory
approaches (Sanders, 2002). By fostering interdisciplinary teams,
design researchers provided new perspectives to the climate ser-
vices research community. The result of this work is the EUPORIAS
visualisation interface, Project Ukko, which provided seasonal
wind speed predictions for decision makers in wind energy.

We present our experience in EUPORIAS and Project Ukko to
describe the key steps in the development of the EUPORIAS climate
services prototype tailored to the specific requirements of users
and illustrate how design can contribute to overcome the chal-
lenges entailed in the development of a climate service – primarily
domain and informational challenges.
2. Design challenges in climate services

This design study identified and described two major design
challenges for climate services: a domain challenge and an infor-
mational challenge. These challenges emerged in the early scoping
stage of the research, and were prioritised through engagement
with stakeholders.
2.1. Domain challenge

The primary domain (or sectoral) challenge in climate services
is to make innovative information and services useful and usable
in a complex landscape of users that are unknown or hard to access
and for a not yet established market (Buontempo et al., 2014). The
objective of this research was to stimulate a currently embryonic
climate services market. The climate services science domain is
new and its application in the industry sector is still emerging.
As a consequence, many factors may be unknown, such as users
and their decision framing and decision-making practices, use
cases, tasks, and data.

Climate services need to meet users’ needs, capabilities and
decision framings (Vaughan and Dessai, 2014). Collaboration with
potential users from an early stage of the design process, and a
human-centred design approach, can lead to products and services
that are usable, useful and likely to be used (Earthy, 2001). The
design process – through ongoing user engagement, requirements
gathering, a focus on user experience, and user-centred evaluation
– can contribute to a thorough understanding of users, tasks and
environments to inform product or service development.

The EUPORIAS project developed five prototypes. The prototype
that was selected as the most suitable for further development in
collaboration with a designer is the RESILIENCE prototype, named
Project Ukko, presented in this paper. While developing the
EUPORIAS prototypes, potential use cases were unknown, and
there was low awareness among relevant industries regarding
S2D climate predictions. Potential users were consequently hard
to access, motivate and engage. Moreover, the quality (or, more
generally, the skill attributes) of the predictions can be uneven
and in some cases low (Brunet et al., 2010; Weisheimer and
Palmer, 2014). This can present a barrier to engaging potential
end users, who face pressures of time and cost/benefits balance,
and so remain sceptical to participate in a process when benefits
to them may be unknown, poorly demonstrated or remote
(Bruno Soares and Dessai, 2016). This presented a challenging
problem in the design process; the objective and readiness level
created a requirement to develop the problem space and the solu-
tion space at the same time.

2.2. Informational challenge

The primary informational challenge in climate services con-
cerns the probabilistic nature of S2D predictions. Ensemble based
predictions such as seasonal predictions are probabilistic in nature,
meaning that they give the probability of occurrence of certain out-
comes, as projected by the model, rather than deterministic, single
future prediction. In other words and using wind energy as an
example, a seasonal wind speed prediction can be provided as
the percentage of probability that the wind speed in the next sea-
son will be lower, equal or higher than normal.

Another informational challenge in climate services is the
requirement to communicate and present complex scientific infor-
mation to decision makers in industry. To popularise and broaden
the use of climate services and to realise wider impact it is neces-
sary to spread innovative information and products beyond the
community of developers and engaged users. Because of its proba-
bilistic nature, climate predictions are often perceived as untai-
lored, unintuitive, hard to understand, and thus difficult to apply
in a decision making context, particularly taking into account the
varying levels of expertise among users (Bruno Soares and
Dessai, 2016; Dilling and Lemos, 2011).

Many sectors, including the energy sector, have entrenched
habits linked to the operation of information systems that do not
entail managing scenarios (i.e. a probabilistic approach). In addi-
tion, current practices are usually based on deterministic
approaches only taking into account retrospective climatology
(Landberg et al., 2003; Sanz, 2010). These entrenched practices
could present a hindering factor for using probabilistic forecasts.
Limited spatial resolution and the difficulty or cost of accessing
information for commercial reasons, could present yet another
barrier to the use of seasonal to decadal climate services.

In this context, design and data visualisation are well-
established fields with extensive experience in tackling informa-
tional challenges. The key feature of visualisation considered here
is with respect to addressing the identified informational chal-
lenges. Visualisation research in science and engineering disci-
plines tends to focus on ‘utility’ and ‘soundness’, while
visualisation in design disciplines goes further, contributing an
attention to ‘attractiveness,’ which can enhance legibility and cog-
nition (Moere and Purchase, 2011; Quinan and Meyer, 2016).

Climate scientists traditionally use graphical visualisation to
present climate data, and visualising uncertainty has been a chief
concern in the field for the past two decades (Harold et al., 2016;
Kinkeldey et al., 2014). However, there is still not enough empirical
evidence to confirm how people interpret these visualisations
(Spiegelhalter et al., 2011), particularly when the communication
crosses to communities without deep expertise in statistics
(Taylor et al., 2015). Expertise and knowledge from different disci-
plines, joined in interdisciplinary teams, is needed for producing
visualisation from complicated, uncertain data (McInerny et al.,
2014). Climate services can entail presentation of multi-scale rela-
tionships between social and physical processes, and so need more
than a conventional single discipline approach. In this research, the
team transcended the disciplinary bounds and involved also actors
from outside academia, such as data artists (visualisers), into the
research process (Lang et al., 2012). This process could be charac-
terised as transdisciplinary, where researches strive to understand
the complexity of the whole problem, rather than only those parts
that pertain to their main research discipline (Burgin and
Hofkirchner, 2017). The design challenge, in summary, was to
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design and test with users, services built on probabilistic informa-
tion in a new and emerging domain.
3. Design Study Methodology in practice

There have been a number of efforts in the design field to
develop definitions, frameworks and guidance for conducting
design projects. Prominent visualisation design frameworks
include the nested model (Munzner, 2009) and the Design Study
Methodology (Sedlmair et al., 2012). While the information visual-
isation field has tended to focus on the technical and visual imple-
mentation of design, both of these frameworks include an
attention to why is visualisation needed and for what, as well as
how is the process achieved.

To address the domain and information challenges inherent in
the emerging field of climate services, the Design Study Methodol-
ogy was adopted to guide the EUPORIAS design process. The Design
Study Methodology describes a sequential process, proceeding
through nine stages, which are in turn grouped into three phases:
Precondition, Core and Analysis (Fig. 1). The process is not linear,
but can loop back to any of the preceding stages.

In EUPORIAS the Precondition phase included building cross-
disciplinary understanding of the project and domain, identifica-
tion of promising collaborations, and development of roles in the
project team. The Core phase began with problem and task charac-
terisation, before moving on to the design and implementation of
the system, and its deployment and evaluation with users. The
Analysis phase involved reflection and writing, and, additionally,
multiple channels of communication and engagement were
opened, with this outward facing validation occurring since the
early stages of the project. A distinctive feature in our implementa-
tion of the Design Study Methodology was a break or pivot point
between the Discover and Design stages (Fig. 1b).
3.1. Precondition phase - problem characterisation with human-
centred design

The domain and informational challenges point to a common
requirement for success: the service must be usable. In our
Fig. 1. The Design Study Methodology (DSM) adapted to the development of the EUPORI
et al., 2012). b) DSM in practice illustrating the iterative loops that characterise the des
human-centred design approach, a usable service is one that is tai-
lored to its users, which underlines the importance of good com-
munication and visual presentation of the climate information. A
functional provider-user interface should thus incorporate com-
munication, co-design, co-production and co-evaluation of the ser-
vices (Street, 2016). This entails involvement of potential end-
users throughout the climate services design process in what is
usually defined as human-centred design. Human-centred
approaches are applied in service design to facilitate the creation
of services that are useful, usable, efficient, effective and likely to
be used (Earthy, 2001).

In the early stages of the EUPORIAS design study, science part-
ners and potential end users were engaged in a series of service
design events and studies. These human-centred and participatory
approaches involved the science partners and potential end users,
promoting communication and collaboration channels. The activi-
ties ranged from design workshops and an event at a digital culture
festival to user surveys and a series of interviews. Domain charac-
terisation and identification of promising collaborations proceeded
through a series of human-centred steps. Although the process is
not linear, but it allows for feedback trough iterative loops, we pre-
sent it in the following text as consecutive steps mapping Design
Study Methodology related stages in brackets.

Step 1. Knowledge exchange between science and design (Learn)
The first meeting aimed at knowledge exchange between science

and design and was undertaken at the beginning of the project to
develop shared understanding of the primary purpose of the project
and build understanding among science and industry partners about
possible design contributions and constraints. The main achieve-
ment of the meeting was the understanding across disciplines of
the main issues related to S2D climate services, including the
domain and informational challenges described above. In addition,
communication of probabilistic predictions behaviour was identi-
fied as a basis for collaboration and design efforts.

Scientists, designers and practitioners are all advanced users of
data, but have very different problem solving approaches and
hence are not necessarily used to the same jargon, methods and
visualisations. Designers and data visualisation specialists, for
instance, bring to the team an emphasis on usability and aesthetic
form, which can be underrated by scientists who are highly trained
AS prototypes and Project Ukko. a) Model phases and stages (adapted from Sedlmair
ign process. c) Main actions performed over the DSM process.
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to retain the maximum level of information and detail. Transdisci-
plinary approaches, however, need clear frameworks of collabora-
tion and sufficient learning time to allow mutual understanding
and emerging of real synergies. In EUPORIAS this was facilitated
by a history of prior cross-disciplinary collaboration between
partners.

This first step enabled the development of shared cross-
disciplinary understanding on the domain and informational chal-
lenge. It led to definition of the primary objectives for the design
component in EUPORIAS: to raise awareness of potential applica-
tions of seasonal predictions, and to put probabilistic information
into usable form for decision makers in industry.

Step 2. Understand the problem space from an industry perspective
(Winnow, Discover)

As there were no well-defined industry users or use cases
clearly identified in the early stages of EUPORIAS, an open explora-
tory approach was needed to examine multiple possibilities and
recipients. This first phase, or ‘front end’ of the design process,
focused on knowing and understanding the user needs and the
contexts of use (Sanders and Stappers, 2012): to explore and select
technological opportunities, and to determine what needs to be
designed (Sanders and Stappers, 2008; Stappers, 2006).

Workshops were staged with industry stakeholders, to explore
the industry landscape and potential applications of S2D climate
predictions, and assessed how S2D predictions could inform deci-
sion making processes. Furthermore, industry sector participants
from agriculture, energy, transport, health and water management,
detailed their current practices through a survey and interviews
that helped to define possible critical business decisions where
application of S2D information could be beneficial (Detailed results
can be found at Dessai and Bruno Soares, 2013, 2015).

Step 3. Define the role of design in climate services (Winnow,
Design)

A service design workshop was staged to define the role of
design, and identify a promising collaboration between one of
the climate service teams, a visualisation designer and industry
users. The workshop focused on interface design for probabilistic
information. The five prototype teams were taken through a struc-
tured process to explore how they might work with a designer,
learn agile methods and learn how to gather specific requirements
inspired by visualisation possibilities. The workshop served to
define specific contexts of use and the primary objectives for the
EUPORIAS climate service prototypes. This helped the teams to
define clear objectives, generate visualisation sketches (provisional
designs) and develop high level requirements for visualisation
design and implementation.

The management board of the project appointed an external
panel composed of three experts to select one prototype for further
development. The selection was done using the following criteria:
potential impact of this service prototype, clarity of the design
brief, and capacity to engage with the visualisation designer. Out
of the five prototypes developed within EUPORIAS, the RESILIENCE
prototype that provided seasonal wind speed predictions for the
energy sector was selected to receive the help of an external visu-
aliser in creating a visualisation tool. We saw high potential for
visualisation to enhance the usability of the information by recog-
nised end users – energy traders and wind farm owners – with pro-
spect to impact their activities.

The main outcome of this step was a design brief developed by
the EUPORIAS design research team, and an open call to find the
data artist to design the visualisation component was launched
receiving a large number of tenders.

Step 4. Understand the data, information needs and users capacity
(Cast, Discover)

A visualisation design workshop reviewed the primary purpose
of the RESILIENCE prototype, the information gap that the climate
services sought to address and the potential contribution of visual-
isation design to answer the target users’ needs. The meeting
defined roles within the cross-disciplinary team that would
develop Project Ukko, the visualisation tool for seasonal wind
predictions.

This workshop also provided detailed characterisation of the
data, as well as the questions to be answered with the data by
using the prototype. The RESILIENCE climate service prototype
uses data on ten-metre wind speed. These forecast data are
obtained from a seasonal prediction system – System 4 – operated
by the European Centre for Medium Range Weather Forecasts
(ECMWF). The System 4, based on a coupled atmosphere-ocean
global climate model (Molteni et al., 2011), produces a forecast
using 51 ensemble members. The ensemble corresponds to a group
of simulations characterizing climate predictions that are con-
ducted using slightly different initial conditions and stochastic
physics. The simulations are produced at the beginning of each
month and run for up to seven months into the future.

To evaluate the System 4 prediction quality, the historical pre-
dictions of ten-metre wind speed are compared with the reference
dataset coming from the ERA-Interim global reanalysis. The reanal-
ysis combines information from discontinuous past meteorological
observations with global forecast models to obtain a continuous
grid of wind data with no information gaps (Dee et al., 2011). In
addition, System 4 seasonal predictions require a post-processing
stage for them to statistically resemble the observational reference
and minimise forecast errors. Hence, calibration method is used to
obtain predictions with average statistical properties similar to
those of a reference data set; i.e., to modify the predictions to have
the same interannual variance as the reference dataset and correct
the underestimation or overestimation of the ensemble spread
(Doblas-Reyes et al., 2005).

The consideration of the data alongside the information needs
and capacities of users in this step contributed to more detailed
characterisation of the problem and task provided by the design
brief.

Step 5. Define contexts of use and characterise user requirements
(Discover)

The energy sector is at the same time the largest greenhouse
gasses emitting sector and one closely related to weather and cli-
mate conditions. Mitigation efforts are thus promoting the growth
of renewable energies, including wind power (EC, 2014). However,
wind energy producers and operators need to anticipate wind
resources, their variability at seasonal time scales and their trends
over decades. The final user requirements workshop precisely
characterised end-users of the seasonal wind speed prediction cli-
mate service, defined the questions they needed to answer with
this information, and further defined contexts of use. In particular,
the participants found that the seasonal wind speed service would
be useful for: planning and development, maintenance and invest-
ment decisions. This workshop with a focus group of energy users
completed the last iteration of the development of Project Ukko
and confirmed that it would be used by expert users, including
energy traders and wind farm owners, on a recurring basis. This
insight led the design team towards adopting a more
information-rich and multi-dimensional visual encoding, more
apt for expert than lay users.

3.2. Core phase – visualisation design and evaluation

Visualisation design communicates information to users in
ways that are effective and also attractive (Daron et al., 2015). In
EUPORIAS, during the Preconditioning phase of the Design Study
Methodology, visualisation design arose as an opportunity to be
applied in one of the five prototype climate services. A design brief
was developed following the service design workshop to clearly



Fig. 3. Main elements of the Project Ukko data visualisation. Above there is the map
showing the overview data, and below is the detail information that pops up on
demand when the user clicks on a point in the map. On the left there are the
historical observations, and on the right there is the ‘‘probability cone” showing the
predictions for the next season.
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articulate the context of use, objectives and success criteria. The
brief articulated a central task in EUPORIAS to put probabilistic
information into usable form for decision makers in industry.

During the Core design phase, the visualisation designer (Moritz
Stefaner) was appointed to work with the design lead in EUPORIAS
(FutureEverything) and climate science partners (BSC and Met
Office). An interdisciplinary team was created, composed of design
researchers and climate scientists, accompanied with a data
designer. This provided complementary perspectives to the con-
ceptual design of the visualisation interface for the RESILIENCE
prototype climate service.

3.2.1. Visualisation design of Project Ukko (Design, Implement)
The visualisation system developed for the RESILIENCE proto-

type was Project Ukko (www.project-ukko.net), a user interface
aimed at energy traders and wind farm owners. The prototype
was developed considering users’ perspectives through the steps
detailed above. The interface presents a map with seasonal wind
predictions visualised in line symbols for around 100,000 regions
of the world. The line symbols encode prediction skill through
opacity, predicted wind speed through line thickness and predicted
trend of wind speed through line tilt and colour (see Fig. 2). This
combined data display allows drawing the viewers’ attention
immediately to those spots with larger probabilities of significant
changes in wind speed. The available wind power capacities are
also shown in the map, in order to compare future wind conditions
with the presence of wind farms. Selecting a point on the map
opens a panel with additional information, including the past
30 years of wind observations in the region, the full distribution
of 51 prediction results computed from the ensemble members,
the detailed skill level as well as the wind power installed capacity
(see Fig. 3). The wind power installed capacity presents potential
maximum amount of power that can be generated with the exist-
ing wind farm capacities in a certain area. The available prototype
presented operational predictions for the winter period December
2015 – February 2016.

Seasonal prediction systems, as any other forecast, have to be
systematically compared to a reference, preferably observations,
to assess their overall quality – this process is known as forecast
quality or skill assessment (Mason and Stephenson, 2008). This
assessment, based on the performance of the system in the past,
informs users about the expected performance of future forecasts
(Weisheimer and Palmer, 2014). A particular measure of the pre-
dictive skill for the probabilistic seasonal forecast is the ranked
probability skill score (RPSS) (Epstein, 1969; Wilks, 2011). The
RPSS can range from 1 (for perfect predictions) to �1. Skill scores
below 0 are defined as unskilful, those equal to 0 are equal to the
climatology, and anything above 0 is an improvement upon
climatology.
Fig. 2. Legend of symbols used in the
To properly read and understand probabilistic predictions it is
necessary to, first, highlight skill information to discard informa-
tion in areas where the forecast doesn’t perform well; and second,
to view the full distribution of ensemble values. Following the dual
objectives identified during the Precondition phase (raise aware-
ness of seasonal predictions, and develop prototypes tailored to
end users), the idea of the visualisation team was thus to develop
a visual representation of all the members (individual values) of
the ensemble prediction, in a way that was attractive and easy to
browse and interpret.

Design explorations of the data in the Core design phase, in col-
laboration between the interdisciplinary team, resulted in develop-
ment of a visual design vocabulary. To communicate distributions
of probabilistic prediction values, a visual metaphor of a cone of
rays emanating from the typical (median) value of the historic data
was designed using the x axis as a time line from the past (left) to
the future prediction (right). This visual device, termed ‘‘probabil-
ity cone”, informed the subsequent development of a coherent
visual language for the whole project (see Fig. 3).

A first interface prototype was produced early in the design
stage, which allowed experimentation with different glyphs – mul-
tidimensional graphical characters – and map designs in a rapid
fashion, to understand which shapes and encodings were easily
understandable, readable and visually interesting. Further refine-
ments in understanding of problems and tasks took place after
the handover to the visualisation designer through the iterative
loops in the Discover, Design and Implement stages of the Design
Study Methodology.
Project Ukko data visualisation.

http://www.project-ukko.net
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The next challenge in the visual design of the interface was how
to present the large amount of information and its variability. For a
user to make sense of the probabilistic forecast information, one
has to know that the central tendency of the predictions is
expressed by how many of the prediction ensemble members fall
into the top, middle or bottom third value range of past observa-
tions (’terciles’). However, all this information would not be effec-
tively visualised on the world map, as the degree of detail would
clutter the view. Thus, glyphs summarised different parameters
in a single line, based on an aggregate of the predictions for each
location (see Figs. 2 and 3). The three main parameters were pre-
sented in the following way:

Predicted trend category of wind speed was encoded in line tilt
and colour. Yellow lines pointing to the top right indicated a high
probability of increased winds, blue lines pointing bottom right,
a high probability of reduced winds. By encoding the predicted
trend redundantly in tilt and colour the most important variable
is reinforced. Furthermore, tilt and colour complemented each
other as colour provides a good overview of trend in zoomed out
views, while tilt gives a more precise reading in closer views.

Predicted wind speed was encoded through line thickness. The
line strength was directly proportional to the median predicted
wind speed.

Prediction skill was expressed through opacity. Regions with
higher skill values are more opaque and regions with lower values
are more transparent. In order to facilitate readability, the opacity
values were binned into 4 discrete steps based on the quartiles of
the skill distribution. While opacity is one of the best possible
visual encodings for uncertainty (Kinkeldey et al., 2014), it still
interferes with the reading of colour and thickness values, thus
hindering users’ capacity to read parameters in regions with lower
skill. In our case this was a desired side-effect as it draws visual
attention to areas on the map with good skill levels and low uncer-
tainty, facilitating pattern detection and reading of significant fea-
tures even at the global scale.

Following the well-known visual information-seeking mantra of
overview first, zoom and filter, details-on-demand (Shneiderman,
1996), the full distribution of probabilistic values was still shown
in a separate windowwhen the viewer clicks on an individual loca-
tion, i.e.,whenaglyphon themap is selected.Compromisesbetween
computing and domain specific ambitions are common in design
visualisation (Sedlmair et al., 2012). Representing probabilistic
information with single values entailed a compromise between
science and design communication needs. This compromise, result-
ing in the information presentation in a clear and simple way, is
expected to enhance usability of this service in decision-making.
3.2.2. Design evaluation (Deploy)
Throughout the project, evaluation of the prototype and reflec-

tion on the design suggested changes and informed next design
steps. This took the shape of informal, formative evaluation involv-
ing semi-structured interaction and reflection.

In visualisation design, it is advisable to make a detailed evalu-
ation with a subset of users to review the usability of the tool,
detect possible problems early and suggest changes that should
be implemented before the large dissemination of the product
(Roto et al., 2009). Accordingly, a more formal user evaluation
was undertaken with five potential users from the wind energy
industry sector, in the Deploy stage, which forms a part of the Core
phase of the Design Study Methodology.

The five users selected for testing the prototype were partici-
pants with industry profile identified and recruited through the
EUPORIAS project network. All participants stated that either they,
or their end users/customers, had an interest in using digital tools
to make seasonal wind predictions. The participants were:

� P1 – R&D manager for a consultancy firm providing services to
the wind industry.

� P2 – reseller of energy forecasts to wind farm developers, cur-
rently selling short-term forecasts.

� P3 – employee in energy assessment department for a global
wind energy developer and operator.

� P4 – manager at a major renewables company. Makes wind
power production forecasts and related budget forecasts.

� P5 – employee in energy resource department of a large utility
company. This department analyses wind behaviour data,
including observational and prediction data, to inform the
design of future wind turbines.

Observing how the participants freely explored the tool allowed
us to collect qualitative information critical for understanding the
usefulness of the product and its usage and allowed natural
interaction.

The evaluation included 20 questions distributed in 5 areas: com-
prehension of the research, introduction to the prototype, introduc-
tory questions, free exploration of the tool and questions focused on
participants’ perceptions. We asked the potential users to explore
the prototype while thinking-aloud performing realistic tasks – i.e.,
to tell the researcher exactly what they were doing and why, while
they were interacting with the prototype. In addition, we asked them
questions aimed at probing their understanding of the different
aspects of the prototype. Besides evaluating the interaction of the
user with the product interface, it was also important to evaluate
how well the visualisation covered the information needs of the
users in their daily activities. Participants were hence asked what
tasks they would like to perform using a seasonal wind forecasting
tool and what information they would like a seasonal wind forecast-
ing tool to provide. We also studied their perception about useful-
ness and user-friendliness of the prototype. Finally, we asked how
likely they were to use the prototype in the future.

The general opinion was that the prototype was very easy to use
and that seasonal wind prediction demonstrated much promise
(Makri, 2015). Several participants used the word ‘intuitive’ to
describe the usability of the prototype. In the user evaluation, the
visualisation was fairly well-understood by participants, although
some ambiguities came to light when we probed their understand-
ing of the information presented. For example, some users found it
difficult to separate the prototype tool from the underlying seasonal
prediction data, indicating that the interface didn’t interfere with
their genuine interest in the information – a positive outcome from
the user perspective, in the sense of the motto ‘the best interface is
no interface’ (Krishna, 2015). Then again, in some cases we elicited
mixed responses: the participants thought the tool was good, while
the seasonal prediction data was perceived not sufficiently reliable.
Finally, the users suggested that adding historical performance of
the seasonal prediction to this interface would help improving the
perceived reliability of the data. In this sense a clear and usable inter-
face will not only ease adoption of the seasonal prediction data, but
also add value to the data itself.

More specific suggestions from users were related to additional
prototype’s functionalities, such as allowing users to set up custom
areas of interest and automatically providing them with new pre-
diction data as it becomes available. It was also recommended to
label states and other geographical regional boundaries on the
map so that the areas of interest could be more easily identified.
Some users also had more specific demands; for instance, traders
expressed interest to have prices included, and wind farm
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operators were interested in an indicator of demand (e.g. temper-
ature), as well as of supply (e.g. wind speed).

3.3. Analysis phase – user engagement and reflection

3.3.1. Multiple channels of communication and discourse (from Learn
to Reflect)

In EUPORIAS, engagement of multiple stakeholders and audi-
ences was integral to the design process, and not just a dissemina-
tion activity coming at the end. This allowed defining together the
problem and the domain spaces, collecting user feedback on an
early prototype and finally evaluate the final product. This was a
feature in our implementation of the Design Study Methodology
that built on an ‘open prototyping’ framework (Bullinger et al.,
2011; Hemment, 2015), creating points of contact to various con-
tributors and users at different stages, and entailed multiple ‘chan-
nels of discourse’ (Wood et al., 2014).

From an early stage in the RESILIENCE design journey, four
audience groups were targeted: energy industry; policy and pub-
lic; design and digital culture; and the climate services research
community. A number of communication channels and artefacts
were developed and applied relevant to each audience group,
including: a web application, an ambient installation, interactive
exhibition modules, media coverage, festivals and conferences,
face-to-face meetings, online participation, social media and an
explanatory video (some examples in Fig. 4).

To enhance the penetration of the design and visualisation in
the users’ decision making processes it is beneficial to carry out a
wide ranging engagement and dissemination strategy. Project
Ukko was presented in articles at science and design conferences,
and a presentation was also given at a high profile climate services
event – Adaptation Futures. Media coverage, in general and spe-
Fig. 4. Examples of communication artefacts to reach different target audiences. a)
Adaptation Futures 2016, targeting climate adaptation researchers and practitioners (d
ukko), c) Ambient installation at FutureEverything Festival, targeting design comm
vimeo.com/moritzstefaner/ukko-ambient).
cialised media, is a powerful tool to reach potential users that have
not been actively involved in the climate service development.
Extensive media coverage was generated for Project Ukko across
sectors (featuring at the Guardian, The BBC, Scientific American,
the Wired and reference design blogs), and there was widespread
engagement on social media. To generate further engagement an
interactive exhibit for a touchscreen and an ambient installation
were presented at the FutureEverything festival and the Informa-
tion + exhibition, and a conference event on uncertainty was also
presented at FutureEverything.

It was centrally important to reach potential users from the
wind energy sector, which was achieved by participating in sec-
toral events, such as fairs, expositions and conferences (e.g. the
European Wind Energy Association annual conferences and work-
shops). By using diverse channels of communication, the work also
reached the other target audiences beyond the climate services
community.

3.3.2. Discussion of the design process (Reflection)
Our application of the Design Study Methodology is unconven-

tional in a number of ways. Past design studies have tended to
assume users and tasks are known and available at the outset. A
notable feature of our implementation of the Design Study
Methodology is that we were not replacing an existing task. This
data did not exist before, and we looked for potential applications
and use cases, as a part of a market initiation process. Visualisation
only emerged as a focus part-way through a four-year project.

In EUPORIAS the front end of the design journey involved a ser-
ies of events and studies through which the domain and problem
gradually came into focus, as promising questions and collabora-
tions are explored, and ways forward discounted or taken up.
The front end of this journey served to achieve shared understand-
Web application targeting energy end users, b) interactive exhibition module at
emonstration video of the tool is available at https://vimeo.com/futureeverything/
unity (demonstration video of the ambient installation is available at: https://

https://vimeo.com/futureeverything/ukko
https://vimeo.com/futureeverything/ukko
https://vimeo.com/moritzstefaner/ukko-ambient
https://vimeo.com/moritzstefaner/ukko-ambient
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ing between science and industry partners about usability of S2D
climate services and possible contributions of the visual design.
Wide ranging engagement with science and industry stakeholders
was required to identify and characterise the domain and the prob-
lem. To compensate for this, and address the informational chal-
lenge, we developed a well-defined design brief and a handover
to a visualisation design specialist, creating a break and pivot point
between the Discover and Design stages of the Design Study
Methodology.

The long lead in, and extensive domain characterisation, led to
the identification and development of an interesting opportunity
for a visualisation designer. After the appointment of the visualisa-
tion design specialist, a visualisation product was created through
an iterative process of design and implementation. Visualisation
design supported improved understanding of the nature and struc-
ture of seasonal predictions for the energy sector.

We used design to identify potential users, their problems, and
where S2D information can benefit decision-making processes. In
this respect, front end of the design process can be further charac-
terised as strategic design. Unlike the traditional design approach
that often focuses on discrete solutions, a strategic design
approach looks beyond these discrete solutions to a systemic
‘‘big picture” challenge (Hyde, 2012). In this sense strategic design
redefines how problems are tackled, identifying opportunities for
action and offering broader solutions, addressing decision-
making and anticipating in many cases the user needs (ibid.).

In our implementation of the Design Study Methodology, the
learn stage entailed a reciprocal knowledge exchange, rather than
an individual’s mastery of a discipline. The cast and winnow stages
took place hand in hand, defining the roles and the team, as well as
protocols for how they interact. Domain characterisation took
place early in the project during the Preconditioning phase and
before the pivot point. The Analysis phase involved more than
reflection and writing; multiple channels of communication and
engagement were opened, and this outward facing validation
occurred from the early stages of the project.

This consequently streamlined some of the iterative final stages
in the Design Study Methodology.

The design brief, its handover to a visualisation design specialist
and the creation of the break or pivot point before the design stage
provided clear and consistent success criteria. This consequently
created a simplified version of the Design Study Methodology
model, with some of the loops in the final stages flattened out
(compare the loops in the original model, Fig. 1a, with the applied
version of Fig. 1b). The Design Study Methodology assumes access
to knowledge, people and resources that were unavailable to us. It
also assumes sufficient resources for the many loops. In our case,
the challenging process of engaging in an emerging domain made
this impractical. The Design Study Methodology model applied in
practice – with some loops flattened out—was more feasible for
the visualisation designer, and also made the design work ’smooth’.
We posit this was an effective strategy to identify and develop a
visualisation project in an emerging domain, or where a full
human-centred design is not possible, either due to lack of
resources, or when data and users are hard to access.

Another distinctive feature of our implementation of the Design
Study Methodology is that, as it happens in many multiyear
research projects, EUPORIAS did not involve the same people at
the start and the end of the design study. The handovers and pick-
ups were therefore crucial. In addition, progressive narrowing of
the end user profile throughout the project phases went in parallel
with the definition of the scope of Project Ukko. This implicated
involving different participants at the beginning and the end of
the project.

Due to limited access to data we were not able to meet all
requirements identified during the engagement with users. In
addition, due to the complexity of the domain and process, the
design journey was not fully developed through co-design, partic-
ularly when it comes to presentation of complex scientific informa-
tion. For instance, the probability cone feature was the outcome of
the data and design explorations of the visualisation designer and
the rest of the interdisciplinary team. Similarly, glyphs that sum-
marise different parameters in a single line presented a balance
between competing needs between science comprehensiveness
and design communication, resolved in favour of the high level
project communication goal. However, the user evaluation con-
firmed clarity and usability of this approach.

Based on the comments of the users collected during the testing
stage, there are a number of future improvements and open
research lines for the visualisation itself as well as for the represen-
tation and communication of the prediction and its reliability in an
effective way. The first suggestion for the follow-up work is to con-
tinue investigating how to present the data visualisation on the
map with a critical attitude towards the amount of information
included: is it really relevant for users to include as many param-
eters as possible? Or can we reduce the number of variables dis-
played in the overview to the ones most relevant for the scope of
decisions and decision-making the service is trying to address.
The second suggestion is to investigate if there is a more effective
way to offer the detail of the probabilities in the forthcoming fore-
cast and its temporal frames: Is this three-month prediction suffi-
ciently narrowed time range? Finally follow-up work should
investigate devices that would increase the trustworthiness of
the S2D prediction on the target users of the tool.
4. Lessons learnt

The aim of this paper was to share our experience from the
implementation of the Design Study Methodology in the creation
of the prototype climate service. Lessons learnt from this experi-
ence can contribute towards the development of a framework for
using service and visualisation design in climate services:

� To stimulate a market for climate services it is necessary to
identify in which areas climate predictions can improve
decision-making processes and convey the utility of specific
services in the effectiveness of users day-to-day work. This
entails domain and informational challenges encountered in
the creation of climate services. These challenges can be
addressed by service and visualisation design in the develop-
ment of a prototype climate service.

� A human-centred approach can engage the end-user through-
out all stages in the design of a climate service, and also other
relevant actors in the science, industry and design sectors. In
EUPORIAS a variety of user-engagement methods, some con-
ventional (surveys, interviews, consultation), others more novel
(design workshops, interactive exhibits, festivals), were used to
define the problem and domain spaces, to collect user feedback
on early versions of prototypes or to evaluate the final climate
service provided.

� Using the Design Study Methodology, we have shown how the
‘front end’ of the design process, or Preconditioning phase,
requires sufficient time to encompass extensive domain and
task characterization and bridge the gap between the languages
of the experts with different fields of expertise.

� In an embryonic market, it may be difficult to elicit require-
ments for a product that the user may previously not have
considered. In this situation of complex domains and emerg-
ing markets, this additional attention to the front end of the
design journey can help to provide a basis for successful
design.
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� By creating a well-defined design brief and a handover to visu-
alisation design specialist in the Core design phase, we were
able to develop an effective solution putting probabilistic infor-
mation into an interface that might be used by decision makers.
Flattening out some of the loops in the Design Study Methodol-
ogy model made the project more feasible for the visualisation
designer, and also made the design work ’smooth’.

� We posit this is an effective strategy to identify and develop a
visualisation project in an emerging domain, or where a full
human-centred design process is not possible, either due to lack
of resources, or when data and users are hard to access.
Acknowledging that most successful design work entails early
framing and interrogation of the problem space, we find that
such recommendations can be of wide relevance in the develop-
ment of visualisation design projects.

� The informational challenge in climate services is mainly
related to the communication and use of probabilistic predic-
tions as well as differential meaning and interpretation of
uncertainty and its uses in decision making processes by users,
providers and climate scientists. As one participant remarked in
the user evaluation of Project Ukko, ‘‘In general, people don’t
like uncertainties. They like to go to church and listen that if
people are good they will go to heaven and if they are bad they
will go to hell”. In bringing new accessibility to complex and
uncertain information, visualisation is a remarkable tool to
bridge the gap with end-users and a tip of the iceberg in climate
services.

� Visually representing probabilistic information can entail a
compromise between scientific soundness, functionality and
aesthetics, which in turn requires a transdisciplinary approach
bringing together scientists, users and designers. In our experi-
ence, interdisciplinary teams need clear contexts of collabora-
tion and sufficient learning time to allow mutual
understanding. Given these two conditions, the prototype
development team participants in EUPORIAS were taken out
of their comfort zones, thus compromises were achieved and
real synergies emerged boosting the quality of the outcomes.

� A well-structured dissemination and engagement strategy exe-
cuted through different communication and discourse channels,
as well as direct involvement of potential users in the prototype
co-creation, can make more likely the penetration of a climate
service in users’ decision-making processes. Public presenta-
tions, demonstrations and evaluations targeted to the right
audience in the right context enable co-creation and testing
with a wide range of user groups and can help build the climate
services market.

� Due to the complexity and novelty of the climate services field,
it is not always possible to meet user expectations or fully
answer their needs. Any climate service design should, how-
ever, consider and evaluate users’ feedback to the greatest
extent possible and adopt full co-design as a primary strategy,
particularly when it comes to user interface characteristics
and additional data and functionalities needed.
Acknowledgements

EUPORIAS is a project funded by the EU 7th Framework Pro-
gramme and led by the UK Met Office. The research leading to
these results has received funding from the EU Seventh Framework
Programme FP7(2007-2013) under grant agreement n�GA 308291
(EUPORIAS), n�GA 308378 (SPECS) and the Ministerio de Economía
y Competitividad (MINECO) under the project CGL2013-41055-R
(RESILIENCE).

Project Ukko is a FutureEverything and BSC project for EUPOR-
IAS; Data visualisation by Moritz Stefaner. The Project Ukko project
director and design research lead is Drew Hemment. Special thanks
to the scientific team (Verónica Torralba, Francisco Doblas-Reyes,
Nube Gonzalez-Reviriego, Albert Soret and Melanie Davis) and
the design team (Stefanie Posavec, Dominikus Baur and Tom Row-
lands). Project Ukko user evaluation by Stephann Makri.

Wind power capacity data was generously provided by
thewindpower.net.

We thank Jason Dykes for comments that improved the paper.
References

Brunet, G., Shapiro, M., Hoskins, B., Moncrieff, M., Dole, R., Kiladis, G.N., Kirtman, B.,
Lorenc, A., Mills, B., Morss, R., Polavarapu, S., Rogers, D., Schaake, J., Shukla, J.,
2010. Collaboration of the weather and climate communities to advance
subseasonal-to-seasonal prediction. Bull. Am. Meteorol. Soc. 91 (10), 1397–
1406. http://dx.doi.org/10.1175/2010BAMS3013.1.

Bruno Soares, M., Dessai, S., 2016. Barriers and enablers to the use of seasonal
climate forecasts amongst organisations in Europe. Climatic Change 137 (1–2),
89–103. http://dx.doi.org/10.1007/s10584-016-1671-8.

Bullinger, A., Hoffmann, H., Leimeister, J.M., 2011. The Next Step – Open
Prototyping. Proceedings of the European Conference of Information Systems
2011, Helsinki, Finland.

Buontempo, C., Hewitt, C.D., Doblas-Reyes, F.J., Dessai, S., 2014. Climate service
development, delivery and use in Europe at monthly to inter-annual timescales.
Clim. Risk Manage. 6, 1–5. http://dx.doi.org/10.1016/j.crm.2014.10.002.

Burgin, M., Hofkirchner, W., 2017. Information studies and the quest for
transdisciplinarity. World Scientific Series in Information Studies: Volume 9.
World Scientific Publishing Co.

Davis, M., Lowe, R., Steffen, S., Doblas-Reyes, F., Rodo, X., 2015. Barriers to using
climate information: challenges in communicating probabilistic forecasts to
decision makers. In: Drake, J.L. et al. (Eds.), Communicating Climate Change and
Natural Hazard Risk and Cultivating Resilience: Case Studies for a
Multidisciplinary Approach. Springer International Publishing. chap. 6.

Daron, J.D., Lorenz, S., Wolski, P., Blamey, R.C., Jack, C., 2015. Interpreting climate
data visualisations to inform adaptation decisions. Clim. Risk Manage. 10, 17–
26.

Dee, D.P., Uppala, S.M., Simmons, A.J., Berrisford, P., Poli, P., Kobayashi, S., Andrae, U.,
Balmaseda, M.A., Balsamo, G., Bauer, P., Bechtold, P., Beljaars, A.C.M., van de
Berg, L., Bidlot, J., Bormann, N., Delsol, C., Dragani, R., Fuentes, M., Geer, A.J.,
Haimberger, L., Healy, S.B., Hersbach, H., Hólm, E.V., Isaksen, L., Kållberg, P.,
Köhler, M., Matricardi, M., McNally, A.P., Monge-Sanz, B.M., Morcrette, J.-J., Park,
B.-K., Peubey, C., de Rosnay, P., Tavolato, C., Thépaut, J.-N., Vitart, F., 2011. The
ERA-Interim reanalysis: configuration and performance of the data assimilation
system. Q.J.R. Meteorol. Soc. 137, 553–597. http://dx.doi.org/10.1002/qj.828.

Dessai, S., Bruno Soares, M., 2013. Report on findings on S2D users’ needs from
workshop with meteorological organisations. EUPORIAS D12.2. Available at:
http://www.euporias.eu/system/files/D12.2_Final.pdf (accessed 27.11.16).

Dessai, S., Bruno Soares, M., 2015. Report summarizing users’ needs for S2D
predictions. EUPORIAS D12.3. Available at: http://www.euporias.eu/
system/files/D12.3_Final.pdf (accessed 27.11.16).

Dilling, L., Lemos, M.C., 2011. Creating usable science: opportunities and constraints
for climate knowledge use and their implications for science policy. Glob.
Environ. Change 21 (2), 680–689. http://dx.doi.org/10.1016/
j.gloenvcha.2010.11.006.

Doblas-Reyes, F.J., García-Serrano, J., Lienert, F., Biescas, A.P., Rodrigues, L.R.L., 2013.
Seasonal climate predictability and forecasting: status and prospects. Wiley
Interdiscip. Rev. Clim. Change. 4 (4), 245–268. http://dx.doi.org/10.1002/
wcc.217.

Doblas-Reyes, F.J., Hagedorn, R., Palmer, T.N., 2005. The rationale behind the success
of multi model ensembles in seasonal forecasting–II. Calibration and
combination. Tellus A 57 (3), 234–252.

Earthy, J., 2001. The improvement of human-centred processes facing the challenge
and reaping the benefit of ISO 13407. Int. J. Human-Computer Studies 55, 553–
585. http://dx.doi.org/10.1006/ijhc.2001.0493.

Epstein, E.S., 1969. A scoring system for probability forecasts of ranked categories. J.
Appl. Meteor. 8, 985–987.

European Commission, 2014. Communication From the Commission to the
European Parliamnet, the Council, the European Economic and Social
Committee and the Committee of the Regions: A Policy Framework for
Climate and Energy in the Period From 2020 to 2030. EC, Brussels.

European Comission, 2015. A European Research and Innovation Roadmap for
Climate Services. European Commission, Directorate-General for Research and
Innovation, European Union. http://dx.doi.org/10.2777/750202 Available at:
http://bookshop.europa.eu/is-bin/INTERSHOP.enfinity/WFS/EU-Bookshop-Site/
en_GB/-/EUR/ViewPublication-Start?PublicationKey=KI0614177 (accessed
27.11.16).

Goddard, L., Aitchellouche, Y., Baethgen, W., Dettinger, M., Graham, R., Hayman, P.,
Kadi, M., Martínez, R., Meinke, H., 2010. Providing Seasonal-to-interannual
climate information for risk management and decision-making. Procedia
Environ. Sci. 1 (1), 81–101. http://dx.doi.org/10.1016/j.proenv.2010.09.007.

Harold, J., Lorenzoni, I., Shipley, T.F., Coventry, K.R., 2016. Cognitive and
psychological science insights to improve climate change data visualization.
Nat. Clim. Change 6, 1080–1089. http://dx.doi.org/10.1038/nclimate3162.

http://dx.doi.org/10.1175/2010BAMS3013.1
http://dx.doi.org/10.1007/s10584-016-1671-8
http://dx.doi.org/10.1016/j.crm.2014.10.002
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0025
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0025
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0025
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0030
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0030
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0030
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0030
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0030
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0035
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0035
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0035
http://dx.doi.org/10.1002/qj.828
http://www.euporias.eu/system/files/D12.2_Final.pdf
http://www.euporias.eu/system/files/D12.3_Final.pdf
http://www.euporias.eu/system/files/D12.3_Final.pdf
http://dx.doi.org/10.1016/j.gloenvcha.2010.11.006
http://dx.doi.org/10.1016/j.gloenvcha.2010.11.006
http://dx.doi.org/10.1002/wcc.217
http://dx.doi.org/10.1002/wcc.217
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0065
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0065
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0065
http://dx.doi.org/10.1006/ijhc.2001.0493
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0075
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0075
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0080
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0080
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0080
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0080
http://dx.doi.org/10.2777/750202
http://bookshop.europa.eu/is-bin/INTERSHOP.enfinity/WFS/EU-Bookshop-Site/en_GB/-/EUR/ViewPublication-Start?PublicationKey=KI0614177
http://bookshop.europa.eu/is-bin/INTERSHOP.enfinity/WFS/EU-Bookshop-Site/en_GB/-/EUR/ViewPublication-Start?PublicationKey=KI0614177
http://dx.doi.org/10.1016/j.proenv.2010.09.007
http://dx.doi.org/10.1038/nclimate3162


I. Christel et al. / Climate Services 9 (2018) 111–121 121
Hyde, R., 2012. Guest Blog: The Takeaway is People. Report from Helsinki Design
Lab Global I. Available at: http://www.helsinkidesignlab.org/categories/hdl-
global (accessed 12.06.17).

Hemment, D., 2015. Open Protytping. FutureEverything. Available at:
http://futureeverything.org/news/open-prototyping-alpha (accessed 27.11.16).

IPCC, 2014. Summary for policy makers. In: Field, C.B., Barros, V.R., Dokken, D.J.,
Mach, K.J., Mastrandrea, M.D., Bilir, T.E., Chatterjee, M., Ebi, K.L., Estrada, Y.O.,
Genova, R.C., Girma, B., Kissel, E.S., Levy, A.N., MacCracken, S., Mastrandrea, P.R.,
White, L.L. (Eds.), Climate Change 2014: Impacts, Adaptation and Vulnerability.
Part A: Global and Sectoral Aspects. Contribution of Working Group II to the
Fifth Assessment Report of the Intergovernmental Panel on Climate Change.
Cambridge University Press, Cambridge, United Kingdom and New York, NY,
USA, p. 1132.

Kinkeldey, C., MacEachren, A.M., Schiewe, J., 2014. How to assess visual
communication of uncertainty? a systematic review of geospatial uncertainty
visualisation user studies. Cartographic J. 51 (4), 372–386. http://dx.doi.org/
10.1179/1743277414Y.0000000099.

Krishna, G., 2015. The Best Interface Is No Interface: The Simple Path to Brilliant
Technology. New Riders, USA.

Landberg, L., Myllerup, L., Rathmann, O., Petersen, E.L., Jørgensen, B.H., Badger, J.,
Mortensen, N.G., 2003. Wind resource estimation - an overview. Wind Energy 6
(3), 261–271. http://dx.doi.org/10.1002/we.94.

Lang, D.J., Wiek, A., Bergmann, M., Stauffacher, M., Martens, P., Moll, P., Swilling, M.,
Thomaset, C.J., 2012. Transdisciplinary research in sustainability science:
practice, principles, and challenges. Sustainable Science 7 (Suppl 1), 25–43.
http://dx.doi.org/10.1007/s11625-011-0149-x.

Makri, S., 2015. EUPORIAS Seasonal Wind Prediction Prototype: User Evaluation.
City University London.

McInerny, G.J., Chen, M., Freeman, R., Gavaghan, D., Meyer, M., Rowland, F.,
Spiegelhalter, D., Stefaner, M., Tessarolo, G., Hortal, J., 2014. Information
visualisation for science and policy: engaging users and avoiding bias. Trends
Ecol. Evol. 29, 148–157.

McNie, E.C., 2007. Reconciling the supply of scientific information with user
demands: an analysis of the problem and review of the literature. Environ. Sci.
Policy 10 (1), 17–38. http://dx.doi.org/10.1016/j.envsci.2006.10.004.

Mason, S.J., Stephenson, D.B., 2008. How do we know whether seasonal climate
forecasts are any good? Springer, Gallipoli, Italy, 101 PHILIP DRIVE, NORWELL,
MA 02061 USA, pp. 259–289. http://doi.org/10.1007/978-1-4020-6992-5_10.

Moere, A.V., Purchase, H., 2011. On the role of design in information visualization.
Inf. Vis. 10 (4), 356–371. http://dx.doi.org/10.1177/1473871611415996.

Molteni, F., Stockdale, T., Balmaseda, M.A., Balsamo, G., Buizza, R., Ferranti, L.,
Magnusson, L., Mogensen, K., Palmer, T., Frederic, V., 2011. The New ECMWF
Seasonal Forecast System (system 4). ECMWF Tech. Memo. 656, 49 pp.

Munzner, T., 2009. A nested model for visualization design and validation. IEEE
Trans. Vis. Comput. Graph. 15 (6), 921–928.
Quinan, P.S., Meyer, M., 2016. Visually comparing weather features in forecasts.
IEEE Trans. Vis. Comput. Graph. 22 (1), 389–398. http://dx.doi.org/10.1109/
TVCG.2015.2467754.

Roto, V., Obrist, M., Väänänen-vainio-mattila, K., 2009. User Experience Evaluation
Methods in Academic and Industrial Contexts. Position paper in Interact 2009
conference, workshop on User Experience Evaluation Methods (UXEM’09).

Sanders, E.B.-N., 2002. From user-centered to participatory design approaches. In:
Frascara, J. (Ed.), Design and the Social Sciences: Making Connections. CRC Press,
London, United Kingdom, pp. 1–8.

Sanders, E.B.-N., Stappers, P.J., 2008. Co-creation and the new landscapes of design.
CoDesign 4 (1), 5–18. http://dx.doi.org/10.1080/15710880701875068.

Sanders, L., Stappers, P.J., 2012. Convivial Toolbox: Generative Research for the
Front End of Design. BIS publisher, p. 272.

Sanz, R.J., 2010. State-of-the-Art of Wind Resource Assessment, Deliverable D7 of
WAUDIT project Available at: http://www.waudit-itn.eu/download.php?id=
103&parent=79. accessed 27.11.2016.

Sedlmair, M., Meyer, M., Munzner, T., 2012. Design Study Methodology: Reflections
from the Trenches and the Stacks. IEEE Trans. Vis. Comput. Graph. 18, 2431–
2440.

Shneiderman, B., 1996. The eyes have it: a task by data type taxonomy for
information visualizations. In: Shneiderman, B. (Ed.), Proceedings of the IEEE
Symposium on Visual Languages. IEEE Computer Society Press, Washington, pp.
336–343.

Spiegelhalter, D., Pearson, M., Short, I., 2011. Visualizing uncertainty about the
future. Science 333 (6048), 1393–1400. http://dx.doi.org/
10.1126/science.1191181.

Stappers, P.J., 2006. Creative connections: user, designer, context, and tools. Pers.
Ubiquit. Comput. 10 (2–3), 95–100.

Street, R.B., 2016. Towards a leading role on climate services in Europe: a research
and innovation roadmap. Climate Services 1, 2–5.

Taylor, A.L., Dessai, S., Bruine de Bruin, W., 2015. Communicating uncertainty in
seasonal and interannual climate forecasts in Europe. Philos. Trans. A Math.
Phys. Eng. Sci. 373 (2055), 1–16. http://dx.doi.org/10.1098/rsta.2014.0454.

Van Alast, M.K., 2006. The impacts of climate change on the risk of natural disasters.
Disasters. 30 (1), 5–18.

Vaughan, C., Dessai, S., 2014. Climate services for society: origins, institutional
arrangements, and design elements for an evaluation framework. Wiley
Interdiscip. Rev. Clim. Change. 5 (5), 587–603.

Weisheimer, A., Palmer, T.N., 2014. On the reliability of seasonal climate forecasts. J.
R. Soc. Interface 11 (96), 20131162. http://dx.doi.org/10.1098/rsif.2013.1162.

Wilks, D.S., 2011. Statistical Methods in the Atmospheric Sciences. Elsevier,
Amsterdam.

Wood, J., Beecham, R., Dykes, J., 2014. Moving beyond sequential design: Reflections
on a rich multi-channel approach to data visualization. IEEE Trans. Vis. Comput.
Graph. 20 (12), 2171–2180. http://dx.doi.org/10.1109/TVCG.2014.2346323.

http://www.helsinkidesignlab.org/categories/hdl-global
http://www.helsinkidesignlab.org/categories/hdl-global
http://futureeverything.org/news/open-prototyping-alpha
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0105
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0105
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0105
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0105
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0105
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0105
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0105
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0105
http://dx.doi.org/10.1179/1743277414Y.0000000099
http://dx.doi.org/10.1179/1743277414Y.0000000099
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0120
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0120
http://dx.doi.org/10.1002/we.94
http://dx.doi.org/10.1007/s11625-011-0149-x
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0135
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0135
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0140
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0140
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0140
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0140
http://dx.doi.org/10.1016/j.envsci.2006.10.004
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0150
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0150
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0150
http://dx.doi.org/10.1177/1473871611415996
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0165
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0165
http://dx.doi.org/10.1109/TVCG.2015.2467754
http://dx.doi.org/10.1109/TVCG.2015.2467754
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0185
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0185
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0185
http://dx.doi.org/10.1080/15710880701875068
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0195
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0195
http://www.elsevier.com/xml/linking-roles/text/html
http://www.elsevier.com/xml/linking-roles/text/html
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0205
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0205
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0205
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0210
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0210
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0210
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0210
http://dx.doi.org/10.1126/science.1191181
http://dx.doi.org/10.1126/science.1191181
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0220
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0220
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0225
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0225
http://dx.doi.org/10.1098/rsta.2014.0454
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0235
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0235
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0240
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0240
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0240
http://dx.doi.org/10.1098/rsif.2013.1162
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0250
http://refhub.elsevier.com/S2405-8807(16)30081-4/h0250
http://dx.doi.org/10.1109/TVCG.2014.2346323

	Introducing design in the development of effective climate services
	1 Introduction
	2 Design challenges in climate services
	2.1 Domain challenge
	2.2 Informational challenge

	3 Design Study Methodology in practice
	3.1 Precondition phase - problem characterisation with human-centred design
	3.2 Core phase – visualisation design and evaluation
	3.2.1 Visualisation design of Project Ukko (Design, Implement)
	3.2.2 Design evaluation (Deploy)

	3.3 Analysis phase – user engagement and reflection
	3.3.1 Multiple channels of communication and discourse (from Learn to Reflect)
	3.3.2 Discussion of the design process (Reflection)


	4 Lessons learnt
	Acknowledgements
	References


