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Abstract: The purpose of this paper is to propose a research by design strategy, focusing on the
generation of innovative climate adaptation solutions by utilizing the Design Thinking Process.
The proposed strategy has been developed and tested in a research and design studio, which took
place in 2020 at a Master of Architecture degree program in the Netherlands. The studios focused
on the sparsely populated, high flood risk region of the Lake District, UK. The Lake District faces
urgent climate change challenges that demand effective solutions. On the other hand, the area is a
UNESCO heritage site, characterized by massive tourism and tending towards museumification (sic).
Three indicative design research projects were selected to illustrate the proposed research by design
strategy. The results reveal that this strategy facilitates the iterative research by design process and
hence offers a systematic approach to convert the threats of climate change into opportunities by
unraveling the potentials of the study area. The findings lay the groundwork for more systematic
studies on research by design as an effective strategy for climate change adaptation design. Beyond
the local case, the results contribute to the critical theories on climate adaptation design and research
by design methodologies.

Keywords: climate adaptation; research by design; design thinking process; the Lake District; low-
density; high flood risk; uncertainty; spatial planning

1. Introduction

An important body of research work focuses on the policy dimensions, risk assessment,
and social dimensions of climate adaptation [1–4], with a strong emphasis on technological
advances [5]. Less attention has been paid, however, to the spatial planning and design
challenges of the phenomenon. The uncertainty and wicked problems [6] precipitated
by climate change demand radical spatial solutions for resilient landscapes. Thus, urban
planners and designers need to embrace the dynamic conditions and changing demands in
the planning practice. To achieve this, comprehensive and transformative design methods
are needed, allowing the planners and designers to approach climate change adaptation
as a complex spatial design challenge [7,8]. This paper focuses on the development of a
research by design strategy for climate adaptation solutions.

Spatial planning based on research by design is a growing field and in its application
to a diverse set of urban and rural contexts, it is also used to tackle the uncertainty of envi-
ronmental problems [9–12]. While these studies show great diversity in comprehending
research by design, they share a commonality in their non-linear, yet integrated, research
approach.

There is an important body of literature on research by design that focuses on de-
scriptions of the process followed by practitioners of researcher designer. For instance,
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the pre-design and post-design phases [13], the iterative nature of the process, and the
divergence and convergence phases [14]. Additionally, the experiences and design out-
comes of studios in a university setting where research by design has been used [13–17]
have contributed to the better understanding and cultivation of desirable future scenarios.
However, research by design still lacks clear guidelines that define its applicability to
complex urban design and planning problems related to climate adaptation [10,15].

The main research question of this study is how the research by design process can be
adapted and systematically utilized to generate climate adaptation solutions. How can the
iterative loops of research by design be filled in with specific directions on how to approach
a study area, analyze it, and formulate climate adaptation ideas, concepts, projects, and
designs?

To this end, this study formulates a four-step strategy that is based on the iterative
context of the research by design process, in the sense that each of the four steps corresponds
to an iterative loop. This four-step strategy aims to convert the threats of climate change
into opportunities and to offer a compass to designers who want to apply research by
design to arrive at radical and effective climate adaptation solutions. Each step of this
strategy entails specific analytical questions, design approaches, and criteria which can
serve as anchoring points and that can offer guidance to the researcher designer.

In particular, the suggested strategy consists of the following:

1. Approaching the study area as a complex adaptive system [18] in which the previous
states of equilibrium are also investigated;

2. Developing and using the worst-case climate change scenario as the point of departure
in both conceptualization and external dialogue;

3. Considering the spatial–systemic and the mental–social sphere of the study area by
identifying, safeguarding, and enhancing the relevant ecosystem services [19] in the
proposed climate adaptation solution;

4. Considering a gradual, phased sequence of implementation of the design solution.

From January to July 2020, research and design studios were organized within the
Master of Architecture degree program and in collaboration with the Spatial Transforma-
tions lectureship at the Hanze University of Applied Sciences, Groningen, the Netherlands,
jointly with the Master of Architecture program at Queen’s University Belfast, Northern
Ireland. Designing for resilience to the effects of climate change was the collective theme.
The research aim was to develop and test a specific research by design strategy, based upon
the Design Thinking Process diagram developed by the Future Urban Regions lectureship
in the Netherlands [14]. The Lake District, UK was selected as a case study of an ultra-low-
density region facing significant climate change challenges, whilst also being a UNESCO
world-heritage site.

It was found that the implementation of this strategy contributed to the effective use
of research by design by the students. It was applied within a wide range of projects
focusing on different aspects of climate adaptation challenges in the study area (extreme
weather phenomena, heritage, tourism, food production, etc.). It resulted in innovative and
creative climate adaptation design proposals. Finally, it enabled the students to embrace
uncertainty by converting the threats of climate change into opportunities, and to generate
place-based, adaptive, and innovative solutions, which took into account both the physical
and the mental sphere of the study area.

The outline of this paper is as follows. First, the context of this study is explained
by discussing the challenges imposed by climate adaptation on the planning practice
of low-density areas, while a brief description of the study area is provided. Secondly,
after describing in brief the research by design methodology used, the proposed four-
step strategy is explained in detail. Thirdly, the three indicative design research projects,
originating from the aforementioned research and design studios on climate adaptation, are
presented. The way the suggested strategy is reflected in these three examples is discussed
in the light of the results and from these the main conclusions are drawn.
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2. Climate Adaptation as a Spatial Planning Challenge and a Case Study
2.1. The Challenge of Climate Change Adaptation Design in Rural Landscapes

The negative impacts of climate change, arguably the greatest global challenge at this
time [20] on urban and rural settlements, include hotter and drier summers, droughts„
flooding, rising sea levels and storm surges. These sudden changes and wicked problems
point to two primary challenges: first, coping with the aforementioned direct impacts of
climate change [21–23] and adapting to the unforeseen future changes; second, tackling the
indirect variation anomalies and subtle changes in environmental conditions, such as the
disruptions to food production, energy systems and water cycles [24]. Moreover, next to
the direct and indirect climate change impacts, additional environmental/climatic hazards,
such as the heat island effect, contribute to the complexity of these wicked problems. The
complexity of these problems creates uncertainty that abolishes “ultimate solutions” [13].

This climate change-related uncertainty has an influence upon various “components,
relationships and interactions“ [25] (p. 1986) and demands systemic and comprehensive
methodologies. This challenge has been approached from many different angles in the
field of spatial planning and decision making [26,27].

Nevertheless, recent studies have demonstrated that climate adaptation strategies
still lack a long term transformative approach [28], specifically in terms of spatial interven-
tions [5]. This can ultimately result in conservative approaches which hinder the provision
of effective or, if necessary, radical solutions.

Within this framework, the spatial transformation of low-density territories demands
long-term transformative approaches in spatial planning and design. In low-density
territories, the boundaries between urban and rural fade and the rural characteristics
rapidly dismantle [29]. The demise of the rural socio-professional structure, the degradation
of traditional rural life, the ever-increasing mobility of individuals, and a networked society
interconnected through robust infrastructures are often some of the main characteristics of
contemporary low-density territories [30–32]. The massive changes, including new social
paradigms, technological advancements, cultural and economic transitions, and the spatial
transition from rural to urban demonstrate the dynamism of these landscapes [31,33,34].
This dynamism also facilitates the integration of these territories into “regional, national,
or international networks” [35] (p. 15). This integration, however, often transforms low-
density territories into spaces of touristic consumption [35].

Finally, resilience is also an important challenge imposed by climate adaptation in
rural landscapes. Indicatively, Restemeyer [36] discusses the challenges of tackling flooding
in urban areas. In flood risk management, resistance and resilience have different connota-
tions. Resistance is associated with keeping water away and preventing flooding via dikes
or other flood defenses. Resilience pertains to limiting the consequences of floods and
consists of three components: robustness, adaptability, and transformation. Robustness
refers to the fight against small-scale floods and limiting damage. This strategy is insuffi-
cient for larger threats that require adaptability. Adaptability is identified with relatively
controlled flooding. The main principle of adaptability is to learn how to live with floods
by designing the landscape in such a way that the water does not damage buildings or
infrastructure. The third part of resilience, transformability, interrogates the ability to make
a place physically and mentally resilient to flooding. For instance, transformability focuses
on the capacity of a village to respond to new events based on novel insights to remain
resilient in the future. Transformability requires the knowledge, creativity, and the ability
to come up with innovative solutions to deal with new situations.

2.2. Brief Description of the Study Area

The study area was the low-density, high flood risk region of the Lake District, in
Cumbria, UK, characterized by scenic landscapes [37]. It covers 2362 km2 and has a
population of 41,000 residents. It was designated a World Heritage site in 2017, qualifying
for the continuity of traditional farming and local industry in a mountain landscape of
exceptional beauty. The Lake District has a unique multi-layered landscape that is open to
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different cultural interpretations or functions [38]. For art and literature lovers and escapists,
it is the home of Ruskin and the Romantics; for adventure lovers, it is a playground for
quad biking, off-roading, etc. This area, which has operated as a cultural landscape
for 250 years [39] is currently confronted with museumification [30], expressed in the
traditional and conservative approaches of the local society and government. On the other
hand, with an economy primarily based on agriculture and tourism [38], the area is strongly
affected by globalization and climate change. Globalization triggers mass tourism and
global retailers distort the traditional values and ideas of place that characterize the region.
Moreover, climate change imposes an urgency for the redefinition of the area’s identity
and a similar urgency to make it more resilient. These tensions, including countervailing
forces such as museumification and globalization, have characterized the contemporary
landscape of the Lake District, and this formed the thematic focus for the climate adaptation
research and design studios. Thus, the Lake District was considered a suitable case study
for these studios because it provided a wide range of overarching problems and climate
adaptation challenges, resulting in a great variety of student research design projects. This,
subsequently, also offered an appropriate opportunity to test the implementation of the
proposed four-step strategy across various projects of different scales and themes across
the full spectrum of challenges in this area.

3. The Research by Design Method and the Suggested Four-Step Strategy
3.1. Research by Design

The challenges of tackling climate change, and its impact on low-density rural regions,
demand not only out-of-the-box solutions, but also an integrated and strategic approach to
design for the long-term. The research by design method is such an approach that helps
us to comprehend spatial planning and design across different scales. The research by
design method situates “design” in the core of the probing process to explore and identify
opportunities for improvement [40,41]. Design as a reflexive practice [42] heavily relies
on critical evaluation and reflection [43]. This is achieved via spatial explorations, such as
sketching, mapping, material analysis, modeling, and design artefacts [40,43]. The non-
linear process of design, based on these operational tools, creates a constant flux between
the problem and possible solutions [44]. Therefore, the constructed dichotomy [15,43]
between research and design is removed via this mutual interaction.

Tackling uncertainty and complexity is an integral part of this dynamic and ex-
ploratory process [45]. In this way, research by design supports the investigation of wicked
problems, and thus the exploration of future prospects, based on imaginative research [14].

While research by design is approached differently by scholars and practitioners [41],
convergence, divergence, iteration, and feedback loops remain the fundamental aspects,
facilitating the complex decision-making processes. The Design Thinking Process (DTP)
diagram developed by the Future Urban Regions research group demonstrates the various
stages of research by design including strategy, idea, concept, project, design, product, and
monitoring (Figure 1).

Each stage is a consolidation point composed of a divergence and convergence phase.
While the divergence phase leads to a diverse set of research questions and possible
solutions based on analysis, the convergence phase is utilized for synthesis. Specifically,
as can be seen in Figure 1, inform and combine are the two main steps of the divergence
phase, while choose and implement the two main steps of the convergence phase. The
reduced bandwidth in the diagram demonstrates that research gradually becomes more
concentrated and focused [14]. Throughout the whole process, the act of design leads to
new knowledge and possible future scenarios.

3.2. Development of a Four-Step Climate Adaptation Strategy Based on Research by Design

In the field of climate change adaptation design, research by design can be utilized for
the much-needed change from the existing paradigm to a new paradigm. This study pro-
poses a four-step strategy embedded in the general framework of research by design. The



Sustainability 2021, 13, 11847 5 of 23

steps of the strategy (corresponding to each of the first four stages of the Design Thinking
Process diagram) are: (1) Equilibrium in the past, (2) Worst case scenario, (3) Ecosystem
services, and (4) Gradual implementation.
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3.2.1. Equilibrium in the Past

The term “state of equilibrium” as used in this paper refers to the current common
meaning, as opposed to the specific definition used in physics. The common meaning
originates in ecological discussions of the late 20th century and concerns a broad range
of systems and also includes the management of organizations as an example [46,47].
In the context of this paper and the case studies in which it is referenced, the state of
equilibrium refers to the conditions of the natural environment (geophysical and ecological)
and the resilience of the biomes within it to natural climatic variations. In the case studies
presented within this paper, the current condition of the Lake District is assumed to be in
an “alternative stable state”. This describes the area’s reduced ecological carrying capacity
and resilience to climatic variations. Notwithstanding this definition of equilibrium in
the natural environment, people (human cultural patterns of development and economic
activities) are assumed to have largely co-existed within the environmental and climatic
restrictions of the region. Within the case study area, the change in these patterns was most
evident during and after the Industrial Revolution and the associated building of dams
and the excavation of mineral quarries. This article therefore assumes that humans lived
more in equilibrium with their environment up until this time, even if the biomes were
altered from their previous natural state.

The first step of the proposed strategy is based upon the concept of past equilibrium
as described above. This step corresponds with the first iterative loop of the DTP, the idea
formulation phase. Specifically:

- Inform: A historical analysis of the study area is of key importance, oriented towards
the identification of the main drivers of change (including major sociopolitical events,
human interventions within the natural landscape, extreme weather phenomena inci-
dents, etc). A thorough historical analysis that tracks back to moments of significant
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change leads to the identification of the most recent point of time when the natural and
man-made systems were in balance [7,48,49]. Key stakeholders can play an important
role in this process by offering their insights into this analysis;

- Combine: Then, a flow analysis reveals the spatial dynamics within the system (s),
not with the purpose of reproducing the past state, but to identify the underpinning
conditions, values, or concepts that enabled this equilibrium state;

- Choose: Based on that analysis, the particular characteristics of the study area, which
can play a key role in the formulation of a new vision for the future, are selected;

- Implement: In this way, a new idea, based upon specific criteria about the climate’s
adaptive potential and a resilient future of the study area is formulated (Figure 2).
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3.2.2. Worst Case Scenario

The second step of the proposed strategy corresponds to the second iterative loop
of the Design Thinking Process Diagram, i.e., to the transition from an idea to a concrete
concept. Specifically:

- Inform: The major climate change challenges of the study area are addressed, based
on relevant data;

- Combine: Several pre-set future scenarios on the impact of climate change in the area
are identified [26,27];

- Choose: Based on that, the worst case scenario is developed and visualized [50];
- Implement: The main concept is then constructed upon this basis and the ideas

formulated previously. A co-creation process with the relevant stakeholders can be
implemented to formulate this concept.

3.2.3. Ecosystem Services

The third step of the proposed strategy corresponds to the third iterative loop of
the Design Thinking Process Diagram, namely the transition from concept to project.
Specifically:

- Inform: A systematic spatial analysis, including geographical and statistical anal-
yses, as well as exploratory fieldwork of the study area, is essential for its spatial
exploration. To this end, a spatial categorization based on the ecosystem services
approach is proposed. Ecosystem services are defined as the benefits people obtain
from ecosystems [19,51,52]. This study focuses on three groups of ecosystem services
that relate to the spatial–systemic sphere [53] (namely, provisioning, regulating, and
supporting ecosystem services) and one ecosystem service (cultural) linked to the
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mental–social sphere [54]. Specifically, examples of provisioning services are food and
water; supporting services refer to soil formation and nutrient cycling; regulating ser-
vices are related to regulation of floods, drought, land degradation and diseases; while
cultural services correspond to recreational, spiritual, religious and other non-material
benefits [55,56];

- Combine: An analysis of the relevant ecosystem services enables one to systemati-
cally reveal and highlight the local qualities. The combination of ecosystem services
identification with the previous steps creates the criteria for a generic framework
of alternative future conditions, based on which various alternative scenarios are
formulated. Specifically, the first step of the proposed strategy results in a number
of qualities, values, and concepts that were used to characterize the study area in
previous states when the system was more in balance. These are supposed to serve as
a starting point for the new desired (more climate adaptive) situation. Additionally,
the outcome of the second step of the proposed strategy is a visualization of the
worst-case scenario in terms of climate change for the study area, aiming at revealing
possible untapped potential;

- Choose: The preferred scenario is selected and visualized (some ecosystem services
can be emphasized to a greater extent than others). Key stakeholders can be directly
involved in this process;

- Implement: The process of visualizing the selected scenario and designing its spatial
expression by taking into account and safeguarding/enhancing the results of the
relevant ecosystem services in the project’s development.

3.2.4. Gradual Implementation

The last step of the proposed strategy corresponds to the fourth iterative loop of the
Design Thinking Process Diagram, the transition from project to design. Specifically:

- Inform: Gradual implementation opportunities and the potential role of relevant
stakeholders and other factors are identified;

- Combine: Based on these, a gradual implementation scenario is formulated;
- Choose: The effectiveness and interconnection of the steps required to achieve the

scenario are then analyzed;
- Implement: The gradual implementation approach of the project is designed.

4. Results
4.1. Studio Structure

The research and design studios focused on the low-density, high flood risk region of
the Lake District, UK. The main approach of the studios was based on ways to cope with
the direct and indirect impacts of climate change in the Lake District (i.e., extreme weather
phenomena, flooding). The students paid special attention to the impact of climate change
on food, energy, and water. Mapping and explorative spatial design aimed at an analysis
of the regional complexity. The studios were evidence-based and supported by a situated
learning environment [57]. The regional scale was the point of departure; however, the
scale of the student projects varied based on the student preferences and positioning.

The duration of the research studio was eight weeks. The first four were devoted to
group work. Each group was assigned a different set of perspectives to study the food,
energy, and water systems of the study area (its spatial conditions, socio-economic trends,
resource flows, infrastructure, governance, art (scape), flooding and extreme weather
phenomena). Students used existing data, GIS sources, and satellite imagery plus historical
records to formulate general overviews of probable current and past systemic conditions.
During this phase, every team formulated relevant research questions and contributed
to collective knowledge about the Lake District. Graphic visualizations, based on the
juxtaposition of different layers of information, played a key role in comprehending the
spatial systemic properties [14] of the area. This first phase of the research studio resulted
in the creation of a comprehensive research atlas consisting of the most important research
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results. As the last step, short individual research projects were conducted during the last
four weeks of the research studio. Students were encouraged to scrutinize the research atlas
and to formulate their individual projects. These individual research projects constituted
the starting point of the student projects during the design studio.

The duration of the design studio was fifteen weeks and the student projects varied
in relation to the scale, the area selection within the Lake District, and the particular
focus (such as tourism, heritage, food production, flooding challenge, etc.). The students
transformed the main research questions of the studio, their acquired knowledge on the
theme of climate adaptation, and the spatial systemic properties of the Lake District into
a concrete design brief. Then, they applied the proposed four-step research by design
strategy (based to a great extent on the analysis they conducted during the research studio).

Summing up, the research and design studios constituted an appropriate opportunity
to study the dynamics of the study area and actually became the occasion for the further
development of the four-step strategy. It was pedagogically interesting for the students of
different years of study to explore their hypotheses through the process of design and by
implementing the same four-step strategy (in projects varying in scale, research focus, etc.).

4.2. Three Indicative Design Research Projects

Three indicative design research projects, developed in the above-described research
and design studios, are selected to illustrate the proposed four-step strategy. In the Lake
District, the most urgent problem related to climate change and extreme weather phenom-
ena is the increased frequency and intensity of flooding (Figures 3 and 4). All the design
proposals focused on this challenge, with each one emphasizing either the regulation, or
the cultural or the provisioning and supporting ecosystem services, respectively (Table 1).
Finally, the three research design projects were approached within the framework of [36],
and aimed to explore design solutions that would enhance the resilience of the study area,
with a particular focus on adaptability and transformation.
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Table 1. Summary of the three design research projects.

Design Research Project 1 Design Research Project 2 Design Research Project 3

name Don’t fight the water,
embrace it!

Flooding as a tourist
experience Waterdefence trail Kescale

Ecosystem services
(mostly emphasized) Regulating Cultural Provisioning and Supporting

location in the Lake District Windermere Lake Windermere Area between Keswick and
Portinscale

theme floodings, quality of life,
mobility, recreation

floodings, tourism, cultural
identity, recreation

floodings, food production,
recreation, slow mobility

intervention(s) dancing streets network, open
water pools, bridge

a new lake crossing based on
a system of five towers

walking route connecting two
towns, terraces
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4.2.1. Design Research Project 1—Don’t Fight the Water, Embrace it! The Dancing
Streets Concept

This project focuses on the town of Windermere (Figure 5). The frequency of flooding
in the Lake District is increasing [58]; however, flooding incidents are unpredictable, and
their increasing intensity proves that common actions will no longer be enough to deal
with future flooding. This design research project explores ways of using the excess water
of floods to create spatial games in Windermere via architecture.
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Step 1—Past Equilibrium

In the Lake District, the old equilibrium of forested hills, peat bog, and lakes was lost
during the Neolithic period. The new equilibrium of pre-industrial pastoral subsistence
defined the local economy of what remained a sparsely populated region up to and
including most of the 20th century. An engineered, systematic control of the water began in
Victorian times, intensified through the first and second world wars, and then started again
in the 1970s during a period of population growth [59]. The 1980s saw the greatest surge in
real estate-driven pressure upon the environment—the need for development land, the
building of roads, and increased drainage demands and measures against flooding [60].
The situation in the Lake District would be the same for many upland and northern regions
in the UK.

Step 2—The Worst-Case Flooding Scenario

The worst-case flooding scenario was developed by analyzing the current flood risk
areas via altitude maps that demonstrated an extreme increase in floods and rainfall in
Windermere. As depicted in Figure 6, during heavy rainfall, the narrowing of the Mill Beck
River causes flooding in Windermere. According to the worst-case scenario, the illustration
of which has been based on maps of previous flooding of the area [61] in combination with
the topography of the place, the river may split the town into two disconnected parts.
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Step 3—Safeguarding/Enhancing Ecosystem Services

The proposed master plan indicates the proposed interventions to enhance the re-
silience of Windermere against flooding.

After collecting information and combining different types of water management in
the town of Windermere, the student identified two types of water management systems
well-suited for this specific location (Figure 7). Firstly, a drainage system is applied under
the street, parallel to the river, leading the excess water to the forest. The water is allocated
to several water basins via a subsurface pipe system, where the water can be stored during
heavy rainfall. Some of these water basins are also used as open pools. Secondly, if the
drainage system becomes insufficient for flood prevention, a bridge, connecting the north
and south Windermere, will operate (Figure 8). At the top of the columns of the bridge
wind turbines are designed to provide power for heating the pools. The excess power will
be used by the inhabitants of the village.

Regulating Services: the “dancing streets” concept. The proposal demonstrates a
novel way of adapting Windermere’s streets to deal more effectively with major flooding
events. The dancing streets consist of structural elements which, during a dry spell, are
part of the road for traffic or parking, while during flooding events they transform into
interactive floating volumes. As can be seen in Figures 9 and 10, the designed vessels act as
a form of distributed attenuation system embedded in the road network, a place of the city
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typically used less frequently during a major flooding event. In heavy rainfall, the pipe
system under the street is filled with water. The structural containers are pushed up by
the water pressure. In this way, the effects of run-off from streets, which typically worsen
flooding issues in urban and rural settings, are counteracted. The dancing streets network
reminds the residents of the town that they do not need to fear the water (influencing the
social–mental sphere of the town).
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Figure 10. Photorealistic impressions of the “dancing streets” concept. The dancing streets of Windermere on a dry day and
during a major flooding event.

Cultural Services: outdoor spas/ water basins in the forest, which are supposed to
enhance social interaction (Figure 11). The pools are supplied with water through the
subsurface pipe system. Each pool has its own supply and discharge of water. The inlets
and outlets are opened or closed automatically in case of heavy rainfall.
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Provisioning Services: water basins in the forest (not serving as swimming pools),
whose purpose is collecting/harvesting the excess rainwater.

Step 4—Gradual Implementation

The plan can be implemented incrementally and gradually at a pace that is suited to
local inhabitants. It would ultimately create a network of “dancing streets” and open-air
pools in and around the town, starting with the areas that are most vulnerable to flooding.

4.2.2. Design Research Project 2|Flooding as a Tourist Experience—A New Lake Crossing

This design research project focuses on Lake Windermere and explores ways of
converting the flooding problem into an opportunity to encourage slow tourism in the area.
There is a major concern that the increased frequency of heavy rainfalls and flooding in the
area will negatively impact tourism. The goal of this study is twofold: to use the floods
to save tourism and to improve its quality. Therefore, the study proposes a shift from
fast-tourism, which is detrimental to the residents and the environment, to slow-tourism,
with a focus on mindfulness (i.e., on how people move through space and become aware
of their surroundings and their self-being). To this end, the proposal looks at a new means
of crossing the lake, offering tangible experiences with the different water heights of the
lake throughout the year.

Step 1—Past Equilibrium

The urge to flee the city because of its daily obstacles has not changed since the arrival
of tourism in the Lake District. However, people and their needs have changed. Yoga
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and mindfulness holidays in a natural environment are becoming more and more popular
and the attention on mental health is increasing. Despite the need for peace and space for
reflection, however, “fast tourism” still dominates the Lake District.

Step 2—The Worst-Case Flooding Scenario

The aforementioned worst-case flooding scenario for the town of Windermere was
also used as a starting point for this proposal (Figure 12).
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Step 3—Safeguarding/Enhancing Ecosystem Services

Regulating Services: The five towers concept includes a new crossing for Lake Win-
dermere (Figure 13).
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Figure 13. The proposed new crossing and the three mindfulness elements.

The towers construct a network in the lake. Visitors can disembark from their boat
and walk up each tower to discover the different dimensions of the Lake District landscape
from the water (Figure 14).
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Figure 14. Arrival at a tower.

The varying water levels into the towers throughout the year depend on the seasonality
and the (extreme) weather phenomena, which are experienced by the tourist when crossing
the lake. The materials of the various towers demonstrate former water heights that
changed over the years (Figure 15).
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Figure 15. Varying water levels in the towers.

Cultural Services: This slow lake crossing constitutes a mindfulness experience and
an entrance to the hiking trails and further nature on the west side of the lake. It will
physically slow the visitors down and create awareness of the beautiful, ever-shifting
landscape. The zigzag form of the route is designed to show the surroundings through
different perspectives, while these towers are placed alongside a small isle where they
can see the impact of the rising water level on this environment. Each tower in the water
represents a season. Each tower, with its material, will blend in with the landscape during
its season, underlining the constantly changing landscape (Figure 16).
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Step 4—Gradual Implementation

The proposed idea can be implemented as the first part of a broader network of slow
tourism activities in the Lake District, where water and floods play a key role.
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4.2.3. Design Research Project 3|Waterdefence Trail Kescale

This design research project focuses on the area between Keswick and Portinscale
and aims to connect these two towns with a walking route. Apart from promoting slow
mobility, it also serves as a linear cultural space where various activities and events can be
hosted, contributing to the mental and social realm of the area. Most importantly, next to
the route, terraced agricultural land is developed, which can also serve as a buffer zone in
case of flooding.

Step 1—Past Equilibrium: Autonomy in Food Production

The Lake District has been increasingly affected by floods and droughts, as well as
soil and bank erosion. The consequences are devastating for people, property, and land.
Moreover, climate-driven disasters and deforestation have gained momentum through
extensive sheep farming. This results in reduced agricultural land and increased food
imports.

The soil of the Lake District varies between heavy, waterlogged peat in scattered
areas and freely draining sandy loam. The latter is higher in altitude and contributes to
the extreme water conditions lower down. The water and nutrients drain through the
sand, passing over the peat. This makes the water acidic and, eventually, this water fills
up the lakes and contributes to the changing pH value. In combination with using the
high-altitude areas for sheep grazing, the soil cannot be rehabilitated as shrub growth is
restricted. Without a root system to anchor the soil and dead foliage to compost, the sand
cannot develop into a more absorbent consistency, contributing to a faster rate of erosion.
It took 10,000 years for the soils in the Lake District to develop, yet they are deteriorating
now at a rate of 3 cm a year due to human interference [62,63].

Step 2—The Worst-Case Flooding Scenario

The worst-case flood scenario for the area of Keswick and Portinscale is used as a
basis for this proposal (Figure 17).

Sustainability 2021, 13, x FOR PEER REVIEW 17 of 23 
 

entertaining activities, such as biking, and canoe activities are included. Camping and 
open-air events adjacent areas are incorporated into this connecting route. 

Provisioning and Supporting Services: Agricultural land in terraces is developed 
next to the recreational route. In extreme rainfall and flooding conditions, it receives an 
excessive body of water (Figure 18). It can gradually contribute to local food production 
and enhance biodiversity via seasonal and wet farming. 

  
  

Figure 17 Agricultural land in terraces, next to the recreational route. It can receive an excessive 
body of water in extreme rainfall and flooding conditions. 

 
Figure 18. Masterplan of the proposed connecting route. 

Step 4—Gradual Implementation 
This plan is a generic solution, which can gradually develop to a landscape strategy 

along the course of the river over a long period of time. In this way it can extend beyond 
the two towns, actively contributing to the safety of the local communities. 

5. Discussion 
5.1. Key Findings 

The purpose of this study was to propose a research by design strategy for climate 
adaptation solutions by using the low-density territory of the Lake District as a case study. 
The strategy consisted of the following steps: investigating the system equilibrium in the 
past, the worst-case scenario, incorporating the relevant ecosystem services in the final 

Figure 17. Agricultural land in terraces, next to the recreational route. It can receive an excessive
body of water in extreme rainfall and flooding conditions.

Step 3—Safeguarding/Enhancing Ecosystem Services

Regulating Services: The design proposes a route connecting the two key towns
(Keswick and Portinscale), with facilities to accommodate cultural activities (education
center, adventure center, etc.). The route is next to the river Greta (Figure 18) and is expected
to positively contribute to the fight against riverbank erosion.

Cultural Services: This recreational route connects people to their landscape and
heritage, while providing flood defense to the towns. Tourism will be positively affected,
and entertaining activities, such as biking, and canoe activities are included. Camping and
open-air events adjacent areas are incorporated into this connecting route.

Provisioning and Supporting Services: Agricultural land in terraces is developed
next to the recreational route. In extreme rainfall and flooding conditions, it receives an
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excessive body of water (Figure 18). It can gradually contribute to local food production
and enhance biodiversity via seasonal and wet farming.
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Step 4—Gradual Implementation

This plan is a generic solution, which can gradually develop to a landscape strategy
along the course of the river over a long period of time. In this way it can extend beyond
the two towns, actively contributing to the safety of the local communities.

5. Discussion
5.1. Key Findings

The purpose of this study was to propose a research by design strategy for climate
adaptation solutions by using the low-density territory of the Lake District as a case study.
The strategy consisted of the following steps: investigating the system equilibrium in
the past, the worst-case scenario, incorporating the relevant ecosystem services in the
final proposal, and gradual flexible implementation. The suggested four steps include
a particular focus on the spatiotemporal dynamics of climate change, with a long-term
climate adaptation planning objective. The four steps coincide with the divergence and
convergence iterative phases that characterize the research by design process. Regular
review and feedback sessions with peers, tutors, and stakeholders served as the platform
for the iterative process. The main outcome of each step serves as an input for the next
step, while it is simultaneously re-examined and reconsidered through the new perspective
and direction provided by the subsequent step (the students went through iterative subse-
quent phases). The proposed integrated approach was developed and implemented in the
context of a research and design studio at a Master of Architecture degree program in the
Netherlands. Whilst the strategy helped the students to comprehend the space and time
dimensions of the low-density landscape of the Lake District, UK and to design innovative
climate adaptation solutions, there were issues that the students did not or could not tackle
within the constraints of the studio. The shortfalls in their approaches will be discussed
later within this article. The design research projects differed in terms of scale and theme:
different aspects of the food system, water system and flooding, energy transition, tourism,
mobility, and cultural heritage were emphasized. Within the overall educational process,
the students were encouraged to formulate their research questions and individual stand-
point concerning climate adaptation. This strategy enabled the effective implementation
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of research by design, gave important structure to these vertical studios, and resulted in
innovative and creative climate adaptation design proposals.

Three design research projects with a particular focus on flooding were selected to
illustrate the proposed research by design strategy. Interestingly, although all three cases
prioritized resilience against frequent flooding, they all approached this design challenge
through different perspectives, emphasizing mobility and quality of urban life, tourism
and cultural identity, or recreation and food production.

The starting point of the three design research projects was to approach the study area
as a system and analyze its history. The water management history and the resistance and
resilience approaches [36] that took place in the study area were the focus of the first project.
The second project investigated tourism and local identity. The third project studied soil
conditions and food production. Juxtaposing different layers of analyses (such as different
thematic aspects or different time periods, etc.) constituted an integral part of this process.

The second step in all three projects was the formulation of a worst-case scenario
regarding the impact of climate change on the study area. As explained above, the three
projects focused on extreme weather phenomena and, particularly, on the increased fre-
quency and intensity of heavy rainfall and flooding. Notably, formulating the worst-case
flooding scenario for the study area helps to unveil the size of the threat, to realize its
spatial implications, and to convert it into an opportunity (by exploring ways of unraveling
the transformative potential of the study area).

The identification of the relevant ecosystem services leads to more comprehensive
proposals that take the physical and the mental sphere into account. All three projects
explored, by implementing research by design, how spatial interventions can create a
positive impact on the area. For instance, in the first case, the dancing street concept is
mostly related to regulating ecosystem services (street design); however, the transformation
of the street elements into an interactive spatial game in case of heavy rainfall relates to
cultural services as well, affecting the social/cultural/identity-related sphere. In the second
project, cultural services are prioritized. However, the regulation of services is also taken
into account by allowing the towers to flood and thus making them more resilient. Finally,
in the third case, provisioning and supporting services play a key role (with the proposed
system of terrace cultivation and by deliberately giving space to excessive water, in case of
flooding). However, the route connecting the two towns is also directly related to cultural
services.

The gradual and flexible implementation process of the designed solution was consid-
ered in all three design research projects. Essentially, the implementation process adopts a
complex adaptive system approach by embracing uncertainty and leaving space for the
unpredictable. In all three projects, the upscaling potential of the proposed design solution
was emphasized.

Finally, it is interesting to note that all the three design research projects concluded
with proposals which ultimately aimed at a lifestyle change (of residents and visitors). In
general, during the research and design studios, this helped students and teachers to realize
the continued importance of the human factor in spatial systemic intervention. Considering
the focus upon climate adaptation and mankind’s interaction with the natural environment
at different scales, it was also concluded that individuals and communities would have
to adapt culturally through occasionally dramatic changes in behavior if the designed
solutions to increase adaptability were to have any significant impact. Diamond [64]
describes cultural adaptability as the decisive factor in a civilization’s potential resilience
to internal and external forces of change.

5.2. Theoretical Contribution and Design Implications

The main theoretical contribution of this study is the development of a four-step
strategy that is aligned with the research by design approach. This strategy helped the
researchers and designers to effectively approach and analyze a study area and formulate
an innovative climate adaptation design proposal.
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Additionally, the proposed strategy acts as a roadmap for advances in pedagogical
techniques. The strategy undertaken in the design studio also enhanced students’ devel-
opment as researchers by helping them to comprehend contemporary environmental and
climate change challenges. Therefore, further studies on research by design methodology
to investigate different low-density contexts across various scales should be encouraged.

Resembling the results of Amenta and Qu [15], the research by design method helped
the students to assess the research relevancy of their design work. The exploratory nature
of the process encouraged the students to tackle uncertainty and avoid design fixation.
Mapping and visualization techniques played a key role in the overall process.

5.3. Limitations and Future Research

More practice-based studies are needed to provide concrete examples and hence
to discuss the potential of the proposed four-step strategy in climate adaptation design.
As discussed in the previous sub-section, the findings demonstrate context-specific data
collected in a particular Master of Architecture degree program. However, the results
can be generalized to other urban design studies in different spatial contexts. The studio
outcomes do nonetheless raise questions concerning the thoroughness or scope of the
methodology. For example, when considering the flood risk scenarios in the surroundings
of Windermere, it was not possible for the students to fully envisage the environmental
qualities of the previous state of equilibrium in the specific area or broader region. The
design interventions are therefore arguably not complete or comprehensive but do in any
case highlight new ways of understanding and intervening in the context of climate change.

Both studios started with open questions concerning climate adaptation. These ques-
tions were then transformed into more specific design problems and briefs. The students
worked mostly individually on the design process. For practice-based implications of
research by design, collective learning processes via charrettes and workshops can be
incorporated into the design process [10,65], while the proposed four-step methodology
can be utilized to offer more structure in these collective efforts.

This research by design strategy and similar design-oriented approaches that focus
on the sudden impacts of climate change can also be utilized to enhance the dissemi-
nation of outputs from Early Warning Systems [22,23] to reinforce the Civil Protection
Mechanisms [66]. However, more research is needed to effectively evaluate the potential
contribution of research by design to such early warning systems and civil protection
mechanisms.

Finally, the critical and crucial role that local societies can play in the divergence and
convergence phases of all the four steps of the strategy should be further analyzed and
tested. For instance, local societies can significantly contribute to the research process
of backcasting, to collect and juxtapose the appropriate information to unravel the full
potential and the spatial diversity of an area. Thus, future work could incorporate in each
of the four proposed steps a co-design and/or public consultation stage, in which proposed
solutions may be co-created so that the local inhabitants’ requirements and preferences are
taken into account.

6. Conclusions

The purpose of this paper was to propose an innovative research by design strategy,
embedded to the design thinking process framework and to generate out-of-the-box, cre-
ative climate adaptation solutions. The proposed four-step strategy was implemented and
tested in a research and design studio, which took place in 2020 at a Master of Architecture
program in the Netherlands. The studio focused on the low-density, high flood risk region
of the Lake District, UK, an area facing urgent climate change challenges which demand
effective solutions.

The strategy encourages the formulation of tailor-made, local solutions, which empha-
size and strengthen the potential and opportunities of the study area. These local solutions
serve as the pylons of the design proposal and are revealed through a spatiotemporal



Sustainability 2021, 13, 11847 20 of 23

analysis of the study area, which aims at identifying the most recent point of time when the
system was in equilibrium. The qualities revealed by examining that state, in combination
with the formulation and illustration of the worst-case climate change scenario for the study
area, provide the necessary input for the development of a climate adaptation concept.
Then, considering the services relevant to the study area ecosystem allowed the analysis of
the spatial-systemic and the mental sphere of the study area and the formulation of com-
prehensive, multi-faceted climate adaptation solutions. Formulating climate adaptation
design interventions, which can be gradually implemented in the study area, and also
proposing how this gradual transition can take place, was the last step of the proposed
four-step strategy.

Overall, it can be concluded that the proposed strategy helps the researcher designer
to embrace uncertainty and to generate long term solutions, to convert the threats of
climate change into opportunities and to arrive at radical and efficient solutions which take
into account of both the physical and the mental sphere of the study area. Moreover, the
findings of the study also demonstrate that the students improved their understanding of
climate adaptation design.

Finally, it is suggested that possible future studies focus on implementing and evalu-
ating the proposed strategy in various spatial contexts and scales. Further development
and refinement of the strategy is also suggested, which can be achieved by involving local
actors in the different phases of the research by design process (co-creation processes).
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