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Abstract

Originally proposed as an alternative to traditional energy planning methodology in the
1970s, backcasting is increasingly applied in futures studies related to sustainability, as it is
viewed as a natural step in operationalizing sustainable development. This futures study is
concerned with data-driven smart sustainable urbanism as an instance of sustainable urban
development—a strategic approach to achieving the long-term goals of urban
sustainability. This is at the core of backcasting, which typically defines criteria for a desirable
(sustainable) future and builds a set of feasible and logical pathways between the state of
the future and the present. This paper reviews, discusses, and justifies the methodological
framework applied in the futures study. This aims to analyze, investigate, and develop a
novel model for data-driven smart sustainable cities of the future as a form of
transformative change towards sustainability. This paper corroborates that the backcasting
approach—as applied in the futures study—is well-suited for long-term urban problems
and sustainability solutions due to its normative, goal-oriented, and problem-solving
character. It also suggests that case study research is the most effective way to
underpin and increase the feasibility of future visions. Indeed, the case study approach as a
research strategy facilitates the investigation and understanding of the underlying principles
in the real-world phenomena involved in the construction of the future vision in the
backcasting study. The novelty of this work lies in the integration of a set of principles
underlying several normative backcasting approaches with descriptive case study design to
devise a framework for strategic urban planning whose core objective is clarifying which
city model is desired and working towards that goal. Visionary images of a long-term future
based on normative backcasting can spur innovative thinking about and accelerate the
movement towards sustainability. The proposed framework serves to help researchers in
analyzing, investigating, and developing future models of sustainable urbanism, smart
urbanism, and smart sustainable urbanism, as well as to support policymakers and facilitate
and guide their actions with respect to transformative changes towards sustainability based
on empirical research.

(Continued on next page)

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or
other third party material in this article are included in the article's Creative Commons licence, unless indicated otherwise in a credit
line to the material. If material is not included in the article's Creative Commons licence and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

Energy InformaticsBibri Energy Informatics            (2020) 3:31 
https://doi.org/10.1186/s42162-020-00133-5

http://crossmark.crossref.org/dialog/?doi=10.1186/s42162-020-00133-5&domain=pdf
mailto:simoe@ntnu.no
http://creativecommons.org/licenses/by/4.0/


(Continued from previous page)

Keywords: Normative backcasting, Descriptive case study, Futures studies, Data-driven
smart sustainable cities, Strategic planning, Energy planning, Methodology

Introduction
In recent years, there has been a conscious push for sustainable cities across the globe

to be smarter and thus more sustainable by developing and implementing data-driven

technology solutions so as to optimize and enhance their operations, functions, ser-

vices, designs, strategies, and policies in line with the vision of sustainability. Big data

technologies are becoming essential to the functioning of sustainable cities (e.g., Bibri

2018a, b, 2019a, b, 2020a, b, c, d; Bibri and Krogstie 2017a, b, 2018, 2020a; Pasichnyi

et al. 2019; Shahrokni et al. 2014a, b, 2015a, b; Sun and Du 2017). Consequently, a new

era is presently unfolding wherein sustainable urban development processes and prac-

tices are being highly responsive to a form of data-driven urbanism under what is la-

belled “data–driven smart sustainable cities.”

As an emerging paradigm of urbanism, data-driven smart sustainable cities represents

an instance of sustainable urban development, a strategic approach to achieving the

long–term goals of urban sustainability—with support of advanced Information and

Communication Technology (ICT), notably the Internet of Things (IoT) and big data

technologies and their novel applications. Achieving the status of data-driven smart

sustianable cities of the future in turn epitomizes an instance of urban sustainability.

This notion denotes a desired (normative) state in which a city retains a balance of the

socio–ecological systems through adopting and executing sustainable development

strategies as a desired (normative) trajectory (Bibri and Krogstie 2019a, b). This balance

entails continuously improving and advancing the environmental, economic, social, and

physical systems of the city over the long run—given their interdependence, synergy,

and equal importance. This strategic long-term goal requires fostering linkages between

scientific research, technological innovation, policy analysis, institutional practices,

planning strategies, and development projects and initiatives in relevance to sustainabil-

ity. It also requires a long–term vision, an interdisciplinary and trans–disciplinary ap-

proach, and a system–oriented perspective. All these requirements are at the core of

the normative backcasting approach to futures studies, which facilitates and contributes

to the planning, design, development, implementation, evaluation, improvement, and

advancement of data-driven smart sustianable cities of the future as a new integrated

model of urbanism. The focus of the futures study is on the planning, design, and de-

velopment aspects of the goal-oriented backcasting process. One of the most enticing

areas of research within urban sustainability is that which is concerned with normative

backcasting-oriented futures studies. The relevance and rationale for adopting the nor-

mative backcasting approach to futures studies stems from the strategic planning

process it entails to achieve the long-term goals of urban sustainability in the form of a

vision of a desirable (sustainable) future. Backcasting is well suited to any multifaceted

kind of planning process (e.g., Holmberg and Robèrt 2000), as well as to the complex

problems of sustainability (e.g., Bibri 2018a, 2018c, 2019a; Carlsson-Kanyama et al.

2003; Höjer et al. 2011; Holmberg 1998; Miola 2008; Quist 2007; Robert et al. 2000).
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An appropriate response to the strategic planning of data-driven smart sustainable

cities should involve the analysis of several intertwined elements, including past,

present, and future situations; long–term visions; the formulation, implementation, and

follow–up of strategies; the execution of specific pathways, the transfer and deployment

of technologies; the building and enhancement of human and social capacities; and the

design of and compliance with regulatory policies. These elements cannot be isolated

from one another in all kinds of urban sustainability efforts. And this is what backcast-

ing entails as applied in the futures study, which aims to analyze, investigate, and de-

velop a novel model for data-driven smart sustainable cities of the future. In so doing,

it endeavors to amalgamate the prevailing and emerging paradigms of urbanism in

terms of their strategies and solutions in order to a new model of urbanism. This amal-

gamation is grounded in the outcomes of four case studies, each of which investigates

and compares two of a total of six cases from the ecologically and technologically lead-

ing cities in Europe: (1) Gothenburg and Helsingborg as compact cities (Bibri et al.

2020) Stockholm and Malmö as eco-cities (Bibri and Krogstie 2020a), (3) London and

Barcelona as data–driven smart cities (Bibri and Krogstie 2020b), and (4) Stockholm

and Barcelona as environmentally data-driven smart sustainable cities (Bibri and

Krogstie 2020c).

The case study research is associated with the empirical phase of the futures

study. One important use of case study approach in research is planning, which in

turn is at the core of the normative backcasting approach. One of the essential

requisites for employing the case study approach stems from one’s motivation to il-

luminate complex phenomena (Merriam 2009; Stake 2006; Yin 2017). The motiv-

ation in this context is to integrate the aforementioned leading paradigms of

urbanism in terms of their strategies and solutions. The resulting paradigm of ur-

banism is approached from the perspective of combining the strengths of sustain-

able cities and smart cities and harnessing their synergies in ways that primarily

enable sustainable cities to improve and advance their contribution to the goals of

sustainability in the face of the escalating urbanization trend.

In urban research, there are a range of qualitative approaches to data collection and

analysis that researchers typically rely on to investigate a wide range of issues related to

the environmental, economic, social, physical, spatial, and/or technological dimensions

of the city from a wide variety of perspectives. The choice of qualitative approaches as

well as their integration in this regard depends largely on what researchers intend to in-

vestigate and thus achieve as outcomes.

This paper reviews, discusses, and justifies the methodological framework applied in

the futures study. In so doing, it integrates a set of principles underlying several norma-

tive backcasting approaches with descriptive case study design to devise a framework

for strategic urban planning whose core objective is clarifying which city model is de-

sired and working towards that goal.

This paper is structured as follows: Section 2 describes futures studies in terms

of their characteristics, categories, and approaches. Section 3 reviews and discusses

backcasting as the overarching approach applied in the futures study. Section 4

reviews and discusses the case study approach related to the empirical phase of the

futures study. This paper ends, in Section 5, with concluding remarks and

discussion.

Bibri Energy Informatics            (2020) 3:31 Page 3 of 42



Futures studies
In recent years, scientists, sociologists, futurists, and researchers within different disci-

plines have developed qualitative and quantitative methods for rationally predicting the

future. Rationality in this context means a recognition or awareness that many different

futures are possible, and that the future is far from being determined or known with

absolute certainty. This is typically contingent on the kinds of decisions that people

make and the kinds of actions they take in the present. Futures studies are intended to

assist decision–making under uncertainty which is to be defined as indeterminacy ra-

ther than to predict the future (Dreborg 1996). Their primary purpose is to get a better

understanding of future opportunities as alternatives with their differences and feasibil-

ities. These can be employed by the aligned stakeholders as part of a given endeavor to

challenge present systems, to influence or inspire the future, or to respond to the most

likely future to happen. Creating a choice of futures by outlining alternatives usually

form the basis for strategic planning. In light of this, futures studies help people to

examine and clarify their normative scenarios of the future, to transform their visions,

and to develop action plans on the basis of a wide range of techniques.

Long lasting and substantive transformations, such as sustainability transitions, can

only come about through the accumulation of a number of integrated smaller–scale ac-

tions associated with successful initiatives and programs. They also operate at the inter-

face of policy domains. Methodologies for futures studies can help to highlight these

initiatives and programs and to identify such interface. Researchers employ these meth-

odologies as an attempt to manage uncertainty by clarifying what the most desirable

possibilities are, what is already known, what can be known, as well as how today’s de-

cisions may play out in each of a variety of plausible futures. The effectiveness of fu-

tures studies lies in defining a broader conceptual framework for discussing the future

and in contributing to policy formulation, transition governance, and the emergence of

new possibilities. And the kind of decisions futures studies seek to support under un-

certainty pertains particularly to long–term decisions. In the context of the futures

study, decisions are to be made in ways that reduce uncertainty about what may hap-

pen to sustainable cities in the future in the light of the escalating urbanization trend.

This entails analyzing the effects of today’s decisions taken in line with the vision of

sustainability and supported by big data technologies in the future. The role of futures

studies has become of central importance for policymaking in the sphere of urban sus-

tainability. This process is characterized by increasing complexity at the macro–level as

well as by decreasing the extent of conditionality at the micro–level due to the mount-

ing autonomy of individual actors. This implies that social institutions are less powerful

in affecting major changes through straightforward policy responses (Ling 2002).

Futures studies can be classified based on three modes of thinking about the future

(Banister and Stead 2004):

� Possible futures (what might happen?). Scenario studies as descriptions of possible

future states and their developments are included in this mode (Börjeson et al.

2006).

� Probable futures (what is most likely to happen?). This includes forecasting studies,

which are characterized by a predictive nature and mainly focused on historical

data and trend analysis.
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� Preferable futures (what we would prefer to happen?). This mode is of relevance to

futures studies dealing with sustainability as it focuses on desirable futures, such as

backcasting and normative forecasting.

Several authors have elaborated on futures studies in relation to sustainability. Dre-

borg (1996) identifies four different types of futures studies in connection with sustain-

ability, namely:

1. Directional studies which investigate different economics and other measures in

the short–term that will probably work in the right direction towards

sustainability.

2. Short–term studies which take immediate official goals as a starting point or a

small step towards sustainability, and attempt to find means of achieving them.

3. Forecasting studies which usually apply to a long–term perspective, but restricted

presumptions of the possibilities of major change make this approach fail to reach

sustainability.

4. Alternative solutions and visions where the development of future (normative)

scenarios as desirable futures allows them to be explored by using backcasting

where the results describe a desirable future with criteria for sustainability

providing the systemic framework for change.

In the framework of the futures study, the backcasting approach is prescriptive in the

sense of focusing on what the data-driven smart sustainable city of the future should

be. Generally, prescriptive (normative) approaches to futures studies try to aid people

in clarifying their values and preferences so they can develop visions of desirable fu-

tures. Approaches to futures studies are also descriptive (extrapolative) in the sense of

describing what the future will be or could be in an objective way. While many futurists

strive for objectivity, most approaches to futures studies as part of qualitative inquiry

rely on subjective human judgment. Nevertheless, various tools have been developed

and applied to mitigate this bias through encouraging collective judgment, generating

ideas to produce different judgments, and identifying discrepancies between competing

views on the future, as well as substantiating consistencies and inconsistencies among

and within these views (Bibri 2018c).

There could be as many approaches to futures studies as futurists because they tend

to develop different ways to look ahead or to envision the future. However, according

to Chatterjee and Gordon (2006), futures studies can be categorized on the basis of the

context that is being studied in terms of simplicity and complexity. Specifically, if the

context is predictable and largely controllable then a planning approach such as fore-

casting may be appropriate, and if it is unpredictable and uncertain an alternative ap-

proach such as scenario planning is more suitable (Chatterjee and Gordon 2006).

Another consensual perspective among futurists is the need to employ multiple ap-

proaches to address futures problems. In the futures study, the intent is to use back-

casting as a planning approach which is complemented by insights drawn from trend

analysis and scenario planning methods. There is an argument that supports the idea of

developing future research programs that integrate various approaches to futures stud-

ies to gain much greater insight than relying on a single approach. There are a number
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of different approaches to strategy analysis and future analysis that investigate what

will, could, or should happen in the future that are in their application not mutually ex-

clusive. These approaches include, but not limited to, cyclical pattern analysis, trend

analysis, visioning, scenario planning, in addition to backcasting and forecasting. For a

descriptive account of these approaches, which can be combined in futures studies, the

interested reader can be directed to Bibri (2018c).

Researchers often need different approaches to carry out their futures studies. In this

line of thinking. Höjer and Mattsson (2000) suggest that backcasting and regular fore-

casting are complementary rather than conflicting opposites. They add a forecasting

step to the backcasting approach where forecasts and the desired vision are compared.

If the vision is unlikely to be reached based on the most reliable forecasts, model calcu-

lations, and other estimates, backcasting studies should be used to generate images of

the future that fulfil the targets. They also emphasize the importance of scrutinising

how to attain the desirable future by working back from the desirable future to check

the physical and social feasibility of the pathway towards that future. This requires not

only identifying the necessary measures and actions for bringing about that future, but

also using models and regular forecasting tools to quantify the consequences of differ-

ent measures and actions.

In sum, there is no general consensus on a single classification of futures studies, nor

a guide for the application of the most suitable approaches to futures studies. The re-

searcher’s worldview and aim are the most important criteria that determine how a fu-

tures study can be conducted and which approach should be applied to achieve its aim.

Backcasting
Backcasting in energy and sustainability studies: a brief history

The origin of backcasting dates back to the 1970s, when backcasting was proposed as

an alternative planning methodology for electricity supply and demand (Robinson

1982). Robinson (1982) proposed the term “energy backcasting,” assuming that future

energy demand is mainly a function of current policy decisions. The futures studies

concerned with energy had dealt with the so–called soft energy policy paths, character-

ized by the development of renewable energy technologies and a low–energy demand

society (Quist and Vergragt 2006). At the time, they emerged as a response to regular

energy forecasting, which was mainly based on trend extrapolation and projections of

energy consumption, with a focus on large–scale fossil fuel and nuclear energy. The

focus of energy backcasting was on analysis and on developing policy goals. Also, the

backcasts of different alternative energy futures were meant to reveal the relative impli-

cations of different policy goals (Robinson 1982), and to determine the possibilities and

opportunities for policy-making. Robinson (1990) emphasises that the purpose of back-

casting is to indicate the relative feasibility and different social, environmental, and pol-

itical implications of different energy futures. Recently, Anderson (2001) has adapted

the energy backcasting approach, with the aim of reconciling the energy industry with

sustainable development. This approach takes into account wider environmental and

social responsibilities, as well as non-expert knowledge, and includes the development

of supporting policies. In sum, the early focus in backcasting was on exploring and

assessing energy futures and on their potential for policy analysis in the traditional
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sense of supporting policy and policymakers, usually adopting a government-oriented

perspective.

After the widespread diffusion of sustainable development in the early 1990s, it was

realized that the backcasting approach could potentially be applied to a wide range of

sustainability-related subjects. Robinson (1990) marked the move towards the applica-

tion of backcasting to sustainability and illustrated the interest in Sweden, as the work

reported on a study supported by the Swedish energy research council. Following the

strategic interest in alternative energy futures and the increasing ecological disruption

in Sweden from the early 1980s onward (Mol 2000), substantial efforts were made for

developing the concept of backcasting for sustainability (e.g., Dreborg 1996; Holmberg

1998; Höjer and Mattsson 2000). Backcasting for sustainability has been applied in

Sweden on a range of topics, including sustainable transportation systems (Akerman

and Höjer 2006; Höjer and Mattsson 2000), sustainable air transport (Åkerman 2005),

GHG emissions (Höjer et al. 2011), sustainable transformation of companies (Holmberg

1998), and sustainable city design (Carlsson-Kanyama et al. 2003). A number of other

studies have been conducted in other countries, especially Europe, with respect to

alternative scenarios and solutions pertaining to such topics as transportation and

mobility (Banister et al. 2000), sustainable technologies and sustainable system

innovation (Weaver et al. 2000), sustainable household (Green and Vergragt 2002;

Quist et al. 2001), and so on. For a more detailed overview of past and present ap-

plications of backcasting, the interested reader can be directed to Quist and Ver-

gragt (2006). However, the distinctive nature of backcasting makes it appropriate

for sustainability applications. Dreborg (1996) argues that, due to their normative

and problem-solving character, backcasting approaches are much better suited to

address long-term problems and sustainability solutions. This mainly has to do

with the idea of taking desirable futures or a range of sustainable futures as a

starting point for analysing their potential and feasibility, as well as the possible

ways of achieving them.

In recent years, however, backcasting has become the most commonly applied ap-

proach in futures studies dealing with urban sustainability, thereby its relevance and ap-

propriateness for data-driven smart sustainable urbanism as a form of transformative

change towards sustainability. Researchers from the fields of smart cities, sustainable

cities, and smart sustainable cities alike have endeavored to understand and act accord-

ing to the goals of sustainability by describing visionary scenarios of a long–term future

and justifying their potential attainment based on a varied set of established theories

and academic disciplines and discourses in conjunction with in–depth analyses of case

studies in a bid to accelerate the movement towards sustainability. This implies that a

large body of research within these fields has been, and will be, formed by and founded

on backcasting-oriented futures studies of different categories and on a wide variety of

topics. One strand of futures studies concerns itself with the ways contemporary cities

integrate the objectives and targets of sustainable development and those of smart

growth in an integrated approach due to the synergetic, substantive, and disruptive ef-

fects of advanced ICT, particularly big data technologies. These effects are associated

with the operational functioning, management, and planning required for future forms

of urban sustainability. The evolving body of futures studies in this direction constitutes

a strategic resource for understanding and unlocking the untapped potential of
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advanced ICT as an enabling, integrative, and constitutive set of technologies for im-

proving and advancing sustainability.

Backcasting and strategic sustainable development: a scientific perspective

The concept of backcasting is central to the strategic approach to sustianable develop-

ment. Backcasting from the system conditions of sustainability is a key concept of the

Framework for Strategic Sustainable Development (FSSD) pioneered by Karl-Henrik

Robèrt, founder of The Natural Step (TNS), an international nonprofit organization

dedicated to applied research for sustainability in cooperation with a global academic

Alliance for Strategic Sustainable Development linking universities that cooperate with

industries and businesses. Backcasting from the principles of sustainability is the pri-

mary context under which the TNS Framework and the Strategic Approach to Sustain-

able Development (SASD) have become powerful tools for strategic planning.

Sustainable development as a strategic approach to achieving the goals of sustainabil-

ity is guided by a shared understanding of the principles of sustainability that embody

the end goal of sustainability. The four sustainability principles are considered as basic

principles for socio–ecological sustainability as developed through scientific consensus

(Holmberg and Robèrt 2000). In the sustainable society, according to Holmberg and

Robèrt (2000), nature is not subject to systematically increasing …

1. … concentrations of substances extracted from the Earth’s crust,

2. … concentrations of substances produced by society,

3. … degradation by physical means, and in that society …

4. people are not subject to conditions that systematically undermine their ability to

meet their needs.

The purpose of articulating sustainability with scientific rigor (Clark 2007; Clark and

Dickson 2003; Kates et al. 2001) is to make it more intelligible and more useful for

measuring, analyzing, and managing human activities within society. A significant con-

tribution in this line was the development of the aforementioned guiding sustainability

principles. The sustainability principles should be, according to Holmberg and Robèrt

(2000, p. 298):

� Based on a scientifically agreed upon view of the world

� Necessary to achieve sustainability

� Sufficient to achieve sustainability

� General to structure all societal activities relevant to sustainability

� Concrete to guide action and serve as directional aides in problem analysis

� Non–overlapping or mutually exclusive in order to enable comprehension and

structured analysis of the issues.

In the framework of the futures study, sustainability principles define an end goal for

urban sustainability to plan holistically in relation to urban development to ultimately

achieve a balance of the socio–ecological systems in the data-driven smart sustainable

city of the future. Strategic sustainable urban development is a planned development
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that seek to address and overcome the physical, environmental, economic, and social

challenges of sustainable cities in ways that continuously enhance their performance in

a rigorous, meaningful, and scientific way. This requires developing upstream solutions

necessary to sustain the functioning of the city systems and making them more resilient

over the long run.

Generally, the link between sustainable development and science stems from the idea

that the former is an aspiration that should, as realized by several scholars over the past

two decades, be achieved only on the basis of scientific knowledge. This has justified

the establishment of a new branch of science due to the fact that, arguably, humanity is

confronted at an ever unprecedented rate and larger scale with the ramifications of its

own success as a species. The way things have changed in recent years (and the at-

tempts being undertaken to take this into account) calls for a scientific approach to un-

derstanding the underlying web of ongoing, reciprocal relationships generating the

patterns of behavior that the ecosystems are exhibiting, and to figure out the mecha-

nisms these ecosystems are using to control themselves. The point is that the complex-

ities, uncertainties, and hazards of the human adventures are triggering unparalleled

changes increasingly requiring insights from all the sciences to tackle them if there is a

shred of seriousness about the aspiration to enhance and sustain the quality of life. The

real challenge emanating from the fragmented character of science lies in understand-

ing and acting upon the causal mechanisms and behavioral patterns in response to the

reciprocal relationships between different complex systems across several time and

space scales. This calls for fusing disciplines, a transdisciplinary approach that recon-

ciles and fuses the theoretical and practical knowledge, the quantitative and qualitative

perspectives, and the natural and social sciences. Sustainability science is what such an

integrative approach entails, and whose emphasis is on understanding changes in states

rather than just their characterization. Systems theory and system analysis approaches

have become the most coherent expression of this insight (Bossel 2004). Sustainability

science is perhaps the most clear and desirable illustration of the endeavor of reinfor-

cing the unified approaches and unifying tendencies in science, as well as of liberating

the study of real-world processes from the boundaries between the scientific disciplines

(de Vries 2013).

The quest for finding an urban development planning approach that can accommodate

the wicked problems of cities, especially in relation to sustainability and urbanization, and

overcome the complexity and unpredictability introduced by socio–political factors is in-

creasingly inspiring scholars to combine urban sustainability and sustainability science

under what has recently been termed “urban sustainability science.” (Bibri 2019c). This

term is informed by urban science, a field in which big data science and analytics is prac-

ticed, which in turn informs and sustains data–driven smart urbanism. Data-intensive sci-

ence is transforming urban science and sustainability science and the way they inform

urban sustainability. The objective of urban sustainability is to uphold the changing dy-

namics and thus reciprocal relationships (within and across levels and scales) that main-

tain the ability of cities to provide not just life–supporting, but also life–enhancing,

conditions, exhibited by their collective behavior as complex systems.

The understanding of the city as an instance of socio–ecological systems based on

sustainability science principles using a data–driven analytical approach can help ad-

dress and overcome the challenges associated with the wicked problems related to
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urban planning and development in the context of sustainability. There is a host of

new practices that sustainability science could bring to urban sustainability under

the umbrella of data–intensive science, an argument that needs to be developed

further and to become part of mainstream debates in urban research, practice, and

policy (Bibri 2019c, 2020a). This argument is being stimulated by the ongoing dis-

cussion and development of the new ideas about the untapped potential of big data

science and analytics for advancing sustainability science and urban sustainability,

as well as merging them into a holistic framework informed by urban science as a

field where data science can be practiced. Urban sustainability science as a research

field seeks to give the broad–based and crossover approach of urban sustainability

a solid scientific foundation.

Distinctive characteristics of backcasting

The term “backcasting,” can denote a concept, a study, an approach, a methodology, a

framework, or an interactive process among stakeholders. Therefore, it has been de-

fined in multiple ways. Robinson (1990), p. 823 defines backcasting as a normative ap-

proach which works “backwards from a particular desired end point to the present in

order to determine the feasibility of that future and what policy measures would be re-

quired to reach that point.” Backcasting is a way of planning in which a successful out-

come is imagined in the future, followed by the question: “what do we need to do

today to reach that successful outcome?” This is more useful than forecasting, which

tends to present a more limited range of options and projects the problems of today

into the future. Backcasting is used in cases where it is desired to actively dictate a

future outcome rather than predicting it, and also where existing trends are leading to

an unfavourable state.

Backcasting is applicable in those futures studies that address the fundamental

question of backcasting: “if we want to attain a certain goal, what actions must be

taken to get there?” As such, it is about looking at the current situation from a

future perspective. However, it is as crucially important to undertake the next steps

as having lofty visions, thereby sustaining momentum by explicit shared visions of

success and being able to use that to guide the next steps.

Furthermore, since backcasting deals with images of the future rather than reality, it

is by definition normative, implying a certain desired view. Concerned with human so-

cieties, normativity is the phenomenon of designating some desirable or permissible ac-

tions. Researchers tend to restrict the use of the term “normative” to the evaluative

sense. In consultation exercises as part of the normative–oriented visionary model of

scenario construction, further insights can be gained by comparing different normative

scenarios generated by different stakeholders.

Normative scenarios

In recent years, the backcasting-oriented futures studies have received more promin-

ence in the domain of sustainability. A general purpose of futures studies is to explore

possible, probable, and preferable futures by imagining the possible, assessing the prob-

able, and deciding on the preferable. The futures study is concerned with the preferable

future with respect to urban sustainability as a form of societal transition. To facilitate
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the understanding of the underlying logic of large-scale societal transitions towards sus-

tainability, different types of future scenarios are often employed. Börjeson et al. (2006)

categorize scenarios as explorative, predictive, or normative. Rotmans et al. (2001) clas-

sify scenarios as projective and prospective, qualitative and quantitative, participatory

and expert, and descriptive and normative. The latter take values and interests into ac-

count and involve reasoning from a set of specific long–term goals that need to be

achieved. The futures study applies backcasting as a normative scenario methodology

to build a novel model for data-driven smart sustainable cities of the future, which can

be used as a planning tool for facilitating the transition towards urban sustainability.

Normative scenarios are also called desirable futures or future visions.

Furthermore, due to its goal-oriented and problem-solving nature, backcasting is es-

pecially well equipped to be applied to, or well-suited for, long-term sustainability prob-

lems (e.g., Bibri 2018c; Dreborg 1996; Holmberg 1998; Quist 2007; Robert et al. 2000).

Generally, as argued by Dreborg (1996), backcasting is particularly useful when:

� The problem to be studied is complex and there is a need for major change;

� The dominant trends are part of the problem;

� The problem is a matter of externalities; and

� The scope is wide enough and time horizon is long enough to leave considerable

room for deliberate and different choices and directions of development.

Many authors have justified the need for this normative scenario approach by refer-

ring to emerging disruptions in societal development (Dreborg 1996; Quist and Ver-

gragt 2006). This is associated with, in the context of this paper, big data science and

analytics and its role in improving and advancing sustainability within the framework

of sustainable cities as a social organization.

Backcasting scenarios, whether based on quantitatively and qualitatively defined goals,

are used to explore future uncertainties, create opportunities, build capabilities, guide

policy actions, and enhance decision–making processes. As such, they allow for new

options to be considered reasonable, thereby widening the perception of what could be

feasible and realistic in the long-term (e.g., Dreborg 1996; Höjer and Mattsson 2000).

In the framework of the futures study, they aid strategic urban actors in broadening

their perspective on how sustainable cities could enhance and optimize their perform-

ance with support of big data technologies and their novel applications in the face of

the escalating urbanization trend. In this respect, they describe alternative futures and

develop strategies and pathways through which these futures can eventually be

achieved. Hence, they are constructed from the distant future towards the present.

The backcasting process

Backcasting has attracted attention from policy-makers, organizations, and scientific

communities due to its benefits for facilitating society-wide transformations. Backcast-

ing works through envisioning and analyzing sustainable futures and then developing

strategies and pathways to get there. Once the future desired conditions are imagined

and articulated, the necessary steps are defined and pursued to attain those conditions.

Backcasting is the process of generating a desirable future and then looking backwards
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to the present in order to determine the strategic actions needed to reach that specified

future (Fig. 1). The first part of the process concerns the normative side of backcasting

and the second part pertains to the analytical side of backcasting: both the possible

ways of reaching certain futures as well as their feasibility and potential. Dreborg

(1996) relates backcasting to Constructive Technology Assessment (CTA). The purpose

of CTA is to broaden the technology development processes and the debate about

technology with environmental and social aspects, as well as to enhance the participa-

tion of social actors. A distinction can be drawn between the analytical side and the

constructive and process-oriented side of backcasting (Dreborg 1996). With respect to

the analytical side, the main result of backcasting studies are alternative images of the

future, thoroughly analyzed in terms of their feasibility and consequences. Concerning

the constructive-oriented side, backcasting studies should provide an input to a policy

developing process in which relevant actors should be involved. However, while im-

agining a desirable future can inspire strategies and actions, the path to success is not

always obvious or straightforward. Nonetheless, the guiding images of the future tend

to coalesce and together steer the trajectory of where we are headed—even if we don’t

arrive exactly where planned and when. This trajectory is usually based on reacting to

current circumstances, expert knowledge, creativity, intuition, and common sense, but

also needs to be conceivably aligned with the state of the future.

Developing pathways—course of actions, agendas, events, conditions, and triggers—in

the framework of backcasting allows to imagine the impacts of future visions, which

should accordingly be highly significant and require extensive improvements compared to

or in relation to the current trends. In this sense, they should dovetail with the notion of

urban sustainability—as a desired state of the future in which the city achieves a balance

between environmental protection and integration, economic development and regener-

ation, social equity and stability, and physical robustness and resilience as long–term goals

through the strategic process of sustainable urban development as a desired trajectory.

The normative side of backcasting—the future vision

Without first defining a future landing place, reaching urban sustainability is an un-

likely outcome of any effort.The backcasting approach aids in identifying the strategies

Fig. 1 The backcasting process from the Natural Step. Source: Holmberg (1998)
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and pathways to be pursued to achieve the objectives and targets of sustainable devel-

opment and thus the overall goal of the future vision. As a key part of the backcasting

process of strategic planning, the future vision should be aligned with sustainability

principles and values. As such, it depicts the city of the future as a city which retains a

balance between the environmental, economic, and social dimensions of sustainability

over the long run with the support of emerging and future technologies. Accordingly,

the data-driven smart sustainable city is envisioned as (Bibri and Krogstie 2020c):

A form of human settlements that secures and upholds environmentally sound, eco-

nomically viable, and socially beneficial development through the synergistic inte-

gration of the more established strategies of sustainable cities and the more

innovative solutions of data-driven smart cities towards achieving the long-term

goals of sustainability.

The generation of the future vision is performed after analyzing the situation related

to the current model of urbanism and the main prevailing trends and expected devel-

opments pertaining to the future model of urbanism. While some views defend that a

prior evaluation grounds the vision in realism, other argue that it curtails the ability to

think of “ideal states” by putting the current circumstances and capabilities at the cen-

ter of attention. In the framework of the futures study, the vision of the future is based

on a sequential progression--yet with sharp transformation-- into the future of the pre-

vailing trends and expected developements and the way they intertwine with and affect

one another in relation to data-driven smart sustainable cities as a holistic approach. In

short, it is based on a combination of technological innovations and sustainability ad-

vancements as a co-evolutionary process.

Furthermore, the future vision is in line with the sustainable development goal 11

(SDG 11) of the United Nations’ 2030 Agenda—to make cities sustainable, resilient, in-

clusive, and safe (United Nations 2015a). The 2030 Agenda regards ICT as a means to

promote socio–economic development and protect the environment, increase resource

efficiency, achieve human progress and knowledge in societies, upgrade legacy infra-

structure, and retrofit industries based on sustainable design principles (UN 2015b).

Therefore, the multifaceted potential of the smart city approach has been under investi-

gation by the UN (2015c) through their study on “Big Data and the 2030 Agenda for

Sustainable Development.”

In view of the above, the backcasting approach entails identifying the nature and scope

of the problems, issues, and challenges pertaining to sustainable cities with respect to their

contribution to sustainability, and then proposing the innovative applied data-driven solu-

tions of smart cities to develop a new paradigm of urbanism: data-driven smart sustain-

able cities of the future. In so doing, it sets the conditions for mitigating the extreme

fragmentation of and the weak connection between sustainable cities and smart cities on

the basis of the IoT and big data technologies and their novel applications.

The analytical side of backcasting—pathway-oriented category

The development of strategies and pathways to the future has long been the subject of

futures studies, especially through the construction of future visions or alternative
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scenarios to achieve the goals of sustainability. Typically, backcasting defines criteria

for a desirable future and builds a feasible and logical path between the state of the fu-

ture and the present. The latter allows to set priorities, develop alternative solutions,

and determine the strategic actions that need to be taken in order to reach a desirable

future. This relates in this context to the backwards-lookinganalysis (Step 6) of the

backcasting study, which is concerned with developing strategies and pathways to at-

tain a single desirable future. Worth pointing out is that the backcasting approach is

traditionally based on one normative vision, but multiple visions can also be used to ex-

plore different future alternatives (e.g., Tuominent et al. 2014).

There are several categories of backcasting. Wangel (2011) classifies backcasting

into target-oriented backcasting (what can change); pathway-oriented backcasting

(how to change); action-oriented backcasting (who could make change happen);

and participation-oriented backcasting (to enhance participation and buy-in by

stakeholders). The futures study is concerned with the pathway-oriented backcast-

ing category where the focus is on how the changes can take place and the mea-

sures that support those changes. In this category, the setting of strict goals is

considered less important (Vergragt and Quist 2011; Wangel 2011) compared to

other categories. The pathway-oriented backcasting usually helps identify critical

non-technical triggering measures. This is at the core of Step 6 of the futures

study, which involves developing a series of planning measures and actions pertain-

ing to urban design strategies, data-driven technology solutions, and sustainability

targets and objectives that could be implemented in the near future. Accordingly,

in the quest for the answer to how to reach the future vision, the strategies and

pathways developed are intended to link the goals that may lie far ahead in the fu-

ture to the decisive steps that are to be designed and taken now to achieve those

goals.

Comparison of backcasting methodologies

It has been argued in the literature that conventional backcasting methodologies/

approaches or some aspects of them have to be combined in futures studies. The

data-driven smart sustainable city of the future integrates sustainable development,

technological development, and urban planning, forming an interdisciplinary and

transdisciplinary area of urbanism. This implies that a more appropriate backcast-

ing approach as a strategic roadmap to data-driven smart sustainable urbanism as

a form of transformational change should draw on insights from three relevant

backcasting methodologies, namely Robinson’s, TNS, and Sustainable Technology

Development (STD). These are shown in Table 1 and compared in terms of their

key assumptions and examples of methods.

Robinson’s (1990) backcasting approach is characterized as normative and design–ori-

ented, aimed at exploring the implications of alternative development paths as well as the

underlying values. The approach gives no standard recipe for generating scenarios, but

only some helpful guidelines and tools. In more detail, no reference is made to particular

methods, but various groups of methods are mentioned, such as different types of sce-

nario impact analyses, modelling, and scenario approaches. The approach does not specify

who is responsible for setting the criteria and future goals and how this will be done, nor
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does it include stakeholder participation. It moreover focuses on technical analysis and

policy recommendations. It is acknowledged that the analysis must be connected to the

policy process, which can be done by involving relevant government agencies as well as

the wider public. However, the futures study draw on insights from Steps 1, 2, 3, 5, and 6

in relation to sustainable urban planning.

In Sweden, backcasting has been elaborated as a methodology for strategic planning to-

wards sustainability, which has become known as the TNS framework, It has been advocated

and popularized by Karl–Henrik Robèrt, and thoroughly described by Holmberg (1998) as

an approach for strategic sustainability planning in organizations that consists of four steps.

Underlying this framework is the way of thinking that the future itself cannot be predicted

but by viewing the physical principles of the ecosystem, a set of principles that can be set to

describe the future sustainable situation. This is based on four system conditions that should

be simultaneously valid in a sustainable society (Robert et al. 2000). The futures study is con-

cerned with all four steps while taking the city as a form of social organization. This means

that these steps were contextualized to be applicable to the sustainable city.

Table 1 Comparison of three backcasting methodologies and their key assumptions

Robinson’s Methodology TNS Methodology STD Methodology

Methodological steps

1. Determine objectives
2. Specify goals, constraints, and targets, and
describe present system and specify
exogenous variables
3. Describe present system and its material
flows
4. Specify exogenous variables and inputs
5. Undertake scenario construction using the
specified goals and constraints
6. Undertake scenario impact analysis.

1. Define a framework and criteria for
sustainability
2. Describe the current situation in
relation to that framework
3. Envisage a future sustainable
situation
4. Find strategies for sustainability

1. Strategic problem
orientation
2. Develop sustainable
future vision
3. Set out alternative
solutions
4. Explore options and
identify bottlenecks
5. Select among
options and set up
action plans
6. Set up co–
operation agreements
7. Implement research
agenda

Key assumptions

• Criteria for social and environmental
desirability are set externally to the
analysis
• Goal-oriented
• Policy-oriented
• Design-oriented
• System oriented

• Decreasing resource usage
• Diminishing emissions
• Safeguarding biodiversity and
ecosystems

• Fair and efficient usage of
resources in line with the
equity principle

• Sustainable future
need fulfilment

• Factor 20
• Time horizon of
40-50 years

• Co-evolution of
technology and
society

• Stakeholder
participation

• Focus on realising
follow-up

Examples of methods

• Social impact analysis
• Economic impact analysis
• Environmental analysis
• Scenario construction approaches
• System analysis and modelling
• Material flow analysis and modelling

• Creativity techniques
• Strategy development
• Employee involvement
• Employee training

• Stakeholder analysis
• Stakeholder
workshops

• Problem analysis
• External
communication

• Technology analysis
• Construction of
future visions

• System design
and analysis
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The STD approach relates to a Dutch government program, which focuses on achieving

sustainable need fulfillment in the distant future. It involves a broad stakeholder participa-

tion and the use of creativity to reach beyond existing mindsets and paradigms (Quist

2007). It has also been used for the integration of spatial functions. However, the futures

study draws on Steps 1-3, which are designed to develop a long-term vision based on a

strategic review of how a need might be met in the future in a sustainable way, and

backwards-looking analysis is used to set out alternative solutions for sustainable need ful-

filment (Weaver et al. 2000). Similarly, the 3 steps were contextualised to be applicable to

data-driven technology in relation to sustainable development in the urban context. Here

a data-driven smart sustainable city is a city that meets the needs of its present citizens

without compromising the ability for other people or future generations to meet their

needs, and where advanced ICT, notably big data technology support its endeavor to not

exceed local or planetary environmental limits.

Based on the three above backcasting approaches, the key assumptions underlying the

backcasting approach applied in the futures study—considering its overall aim—include:

� Decreasing energy usage

� Efficient utilization of resources in line with the equity principle

� Mitigating pollution

� Sustainable future fulfilment of needs

� Safeguarding biodiversity and ecosystem

� Criteria for social and environmental desirability set externally to the analysis

� Goal-oriented

� Policy-oriented

� Design-oriented

� System-oriented

� Time horizon of 25–50 years

� Co-ev.olution of technology and society

The guiding questions for the six steps in the backcasting-oriented futures study

The literature shows that there are a number of backcasting approaches and method-

ologies applied in futures studies. While these differ in their steps and thus guiding

questions, they tend to share the essentials. The backcasting framework is adaptive in

nature based on the specific context under which it is applied, e.g., research projects

with different aims, purposes, scopes, complexities, and time horizons, just to name a

few. The result is a process that can be considered more as a set of guiding principles,

tools, and practices to achieve a certain goal than as a strict adherence to the applica-

tion of a rigorous method encompassing all the steps involved in a given backcasting

methodology. Unlike methodology, a framework is a loose but incomplete structure

which leaves room for other practices and tools to be included, but provides much of

the process required. Also, the terms “backcasting methodology” and “backcasting ap-

proach” are differentiated in the literature. Quist (2007) clearly elaborates that the back-

casting methodology should be applied in such concrete cases, whereas the backcasting

approach should be used to describe general and more abstract terms. Fundamentally,

a backcasting approach involves four steps, namely (Höjer and Mattsson 2000):
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� The setting of a few long-term targets

� The evaluation of each target against the current situation, prevailing trends, and

expected developments

� The generation of images of the future that fulfill the targets

� The analysis of images of the future in terms of feasibility, potential, and pathways

towards images of the future (Akerman and Höjer 2006).

Different backcasting approaches are emerging in the field of urban sustainability as

to its various domains (e.g., transport, mobility, energy, environment, design, and tech-

nology). In this light, Bibri (2018c) synthesizes a backcasting approach to smart sustain-

able city development based on the review of a number of futures studies using

different backcasting approaches and methodologiesn, and later, Bibri (2020a) tailored

it to the futures study with respect to the requirements of the future vision (Table 2).

The time horizon in backcasting-oriented futures studies

A typical time horizon used in many backcasting-oriented futures studies is 50

years. This time horizon is appealing because it is both realistic and far enough

away to allow major changes and even disruptions in technologies and cultural

norms and values. There also is a large body of work on backcasting that takes the

perspective of 25-50 years as a time horizon. The futures study follows this per-

spective by covering the time period from 2020 to 2050, the time reasonably

needed to develop the data-driven smart sustainable city as a desirable future. The

rationale for this is that this new model of urbanism concerns particularly, but not

only, those cities that are badging or regenerating themselves as sustainable, where,

for example, some sustainable energy and waste systems, dense and diverse urban

patterns, sustainable transportation infrastructure, green areas and parks, and

technological infrastructure are already in place. And as they move towards 2050, a

set of strategic pathways will be taken along the way to reach the optimal level of

sustainability with the support of emerging and future ICT. And what this entails

in terms of developing and implementing the IoT and big data technologies and

their novel applications as well as establishing the associated technical and institu-

tional competences on a citywide scale. Nonetheless, the futures study is not set-

ting out a fixed time frame as the future is unknown and the world is uncertain,

and the implication of this is that it can still take longer for sustainable cities to

get closer to or reach the final destination. Not to mention those cities that are in

the process of regenerating themselves as, or manifestly planning to become, sus-

tainable and then smart sustainable. Worth pointing out is that the time horizon

of 25-50 years associated with future visions as an evolutionary process is a basic

principle to allow the policy and planning actions to pursue the path towards a

more sustainable future.

Envisioning and attaining a transformational change which substantiates, extends,

and also challenges the existing assumptions and claims made on sustainable cities as a

problem of significant complexity, with a long time horizon to allow for making deter-

mined choices, is what backcasting entails as a strategic planning process and a

problem-solving framework. In this regard, we identify signals of sustainable change
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and also determine short–term planning and policy goals that can facilitate the long–

term outcomes of the needed transition towards sustainability. Backcasting is most

relevant when the future is uncertain and our actions are likely to influence, inspire, or,

ideally, create that future. Given that there is often greater uncertainty over what may

happen in longer time frames, the future vision may usefully be described using princi-

ples and well–designed goals rather than specifics.

Case study research
Case study research has long had a prominent position in many disciplines and profes-

sional fields, established as a credible, valid design that facilitates the investigation and

Table 2 The guiding questions for each step in the backcasting-oriented futures study

The guiding questions for the backcasting study Methods and tools

Step 1: Detail strategic problem orientation (Part 1)
1. What is the model of urbanism to be studied?
2. What are the aim, purpose, and objectives of the backcasting study in
relation to this model?
3. What are the long–term targets declared by the goal–oriented backcasting
approach?
4. What are the objectives that these targets are translated to for backcasting
analysis?

Research design and problem
formulation

Step 2: Detail strategic problem orientation (Part 2)
1. What are the main prevailing trends and expected developments related to
the model to be studied?
2. What are the key sustainability problems associated with the current model
of urbanism and what are the causes?
3. How is the problem defined?

Trend analysis and problem
analysis

Step 3: Generate a sustainable future vision
1. What are the demands for the future vision?
2. How does the future model of urbanism look like?
3. How is the future model of urbanism different from the current model of
urbanism?
4. What is the rationale for developing the future model of urbanism?
5. Which sustainability problems have been solved and which technologies
have been used in the future vision?

Creativity method and
visualization method

Step 4: Conduct empirical research
1. What is the rationale for the methodological framework to be adopted?
2. Which category of case study design is most relevant to investigating the
dimensions of the future model of urbanism?
3. How many case studies are to be carried out and what kind of urban
phenomena should they illuminate?
4. To what extent can this investigation generate new ideas and illustrate the
theories applied and their effects, as well as underpin and increase the
feasibility of the future model of urbanism?

Case study method

Step 5: Specify and integrate the components of the future model of
urbanism
1. What urban and technological components are necessary for
developing the future model of urbanism?
2. How can all these components be integrated into a framework for strategic
sustainable urban development planning?
3. What are the benefits, potentials, and opportunities of the future model of
urbanism?

Creativity method

Step 6: Perform backwards–looking analyses
1. What built infrastructure changes are necessary for achieving the future
vision?
2. What urban infrastructure changes are necessary?
3. What ICT infrastructure changes are necessary?
4. What social infrastructure changes are necessary?
5. What institutional changes are necessary?

Backcasting analysis

Source: Bibri (2020a)
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understanding of complex phenomena in their real-world settings. It has benefited from

the prior development of the theoretical propositions contributed by a number of re-

searchers with different backgrounds to this design. Similarly, the methodological devel-

opment of case study research has emanated from the influence of the different

researchers’ perspectives and interpretations of this design. This has resulted in a prag-

matic, flexible research approach, capable of providing an up-close, in-depth, and detailed

examination of a wide range of specific cases and a comprehensive understanding of a

large number and variety of issues. Therefore, case study research has grown in reputation

as an effective research methodology. As a result, it has undergone substantial improve-

ment through the application of a diversity of approaches. Central to this is the underpin-

ning ontological and epistemological orientations of the numerous researchers involved in

the evolution of case study research as coming from various disciplines. While over time

the contributions of those researchers have helped to develop and strengthen case study

research, the variety of disciplinary backgrounds has also added complexity, particularly

around how such research is defined, described, and applied in practice. The nature of this

complexity is explored in more detail by Farquhar (2012).

Definitional issues

There is a variety of definitions and descriptions of case study research presented

across the literature, which has resulted from researchers with different philo-

sophical perspectives. The proliferation of definitions can create confusion when

attempting to understand case study research. The most common definitions

come from the work of Yin (2014), Stake (1995), Merriam (2009), Thomas

(2011), and Creswell et al. (2007). Yin’s definition (2014) focuses on the scope,

process, and methodological characteristics of case study research, emphasizing

the nature of inquiry as being empirical, and the importance of context to the

case. On the other hand, Stake (1995, p. xi) maintains a focus on what is studied

(the case) rather than how it is studied (the method), describing case study re-

search as “the study of the particularity and complexity of a single case, coming

to understand its activity within important circumstances.” Merriam (2009, p. 40)

includes what is studied (the case) and the products of the research (the out-

come) when defining case study as: “an in depth description and analysis of a

bounded system”. The author emphasizes the defining feature of case study re-

search as being the object of the study (the bounded system; i.e., the case) adding

that case study research focuses on a particular thing and that the product of an

investigation should be descriptive and heuristic in nature. In taking the distinc-

tion between the subject of the study and the object of the study into account,

Thomas (2011, p. 513) defines cases studies as “analyses of persons, events, deci-

sions, periods, projects, policies, institutions, or other systems that are studied

holistically by one or more methods. The case that is the subject of the inquiry

will be an instance of a class of phenomena that pro-vides an analytical frame—

an object—within which the study is conducted and which the case illuminates

and explicates.” Creswell et al. (2007) describe case study as a type of design in

qualitative research, an object of study, and a product of the inquiry. The authors

conclude with a definition that collates the hallmarks of the key approaches to
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case study and represents the core features of a case study: “a qualitative ap-

proach in which the investigator explores a bounded system (a case) … over time

through detailed, in–depth data collection involving multiple sources of informa-

tion … and reports a case description and case–based themes” (Creswell et al.

2007, p. 245). In particular, the case study approach entails the use of multiple

sources of evidence. The use of multiple methods to collect and analyze data are

found to be mutually informative in the case study research where together they

provide a more synergistic and comprehensive view of the problem under study

(Flyvbjerg 2011; Merriam 2009; Stake 2006). All in all, the varied definitions stem

from the researchers’ differing approaches to developing case study methodology

and often reflect the elements they emphasize as central to their designs. The di-

versity of the approaches to case study, which is addressed next, subsequently

adds diversity to its definition and description (Flyvbjerg 2011).

In the framework of the futures study, the four case studies analyze a range of

different elements within the boundaries of four cities and two districts. They

examine contemporary real-world phenomena and seek to inform the theory and

practice of data-driven smart sustainable cities of the future by illustrating what

has worked well, what has been achieved, what is the current situation, what needs

to be improved and transformed in the future, and how this can be done. They

serve as a way to illustrate theories and the effects of their application in regard to

urban living. They are additionally regarded useful for understanding how different

elements fit together and (co-)produce the observed impacts in a particular context

based on a given set of intertwined factors.

The mixed use of terminology—methodology versus method

One of the challenges to the understanding of case study research pertains to it being

referred to as a methodology and a method. Mills (2014) distinguishes methodology as

the lens through which the researcher views and makes the decision about the study,

and method as a set of procedures and techniques employed in the study. Also, both

quantitative and qualitative methods are used within the case study designs, which

brings further obscurity to the question of methodology (Stake 1995; Stewart 2014; Yin

2014). Compounding this ambiguity is the terminology used in the literature, an ap-

proach, research design, qualitative design, research strategy, case study, qualitative case

study, and/or a form of inquiry (e.g., Anthony and Jack 2009; Brown 2008; Creswell

2014; Merriam 2009; Simons 2009; Stake 1995; 2006; Stewart 2014; Yin 2014, 2017).

These terms are used interchangeably without definitional clarity (see, e.g., Creswell

2014; Flyvbjerg 2011; Merriam 2009; Stake 1995, Stake 2006; Simons 2009; Stewart

2014; Yin 2014, 2017) This mixed use of terminology has generated a cacophony that

has led to an exasperating confusion in case study research. This is due to the defin-

itional separations between these terms, especially methodology and method, and the

varied application of the case study in research endeavors (George and Bennett 2005).

Therefore, the distinction between methodology and method accentuates the need for

the researcher to describe the particular underpinning methodology adopted and to

clarify the alignment of the chosen methods used with their philosophical assumptions

and their chosen approach. In the context of the futures study, case study research
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emphasizes that an overarching methodology shapes a case study design and that mul-

tiple sources of data and methods are used (Merriam 2009; Stake 2006; Yin 2014).

Design. purpose, and process

Various designs have been proposed for preparing, planning, and conducting case study

research. The philosophical underpinnings of the researchers that have contributed to

the development of case study research have created a variety and diversity of ap-

proaches. Under the more generalized category of case study, there exist several cat-

egories, each of which is custom selected for use depending on the objectives of the

researcher, including:

� Illustrative case studies—these are primarily descriptive studies. They typically

utilize one or two instances of an event to show the existing situation. Illustrative

case studies serve primarily to make the unfamiliar familiar and to give readers a

common language about the topic in question

� Exploratory case studies—these are condensed case studies performed before

implementing a large scale investigation. Their basic function is to help identify

questions and select types of measurement prior to the main investigation. The

primary pitfall of this type of study is that initial findings may seem convincing

enough to be released prematurely as conclusions.

� Cumulative case studies—these serve to aggregate information from several sites

collected at different times. The idea behind these studies is that the collection of

past studies will allow for greater generalization without additional cost or time

being expended on new, possibly repetitive studies.

� Critical instance case studies—these examine one or more sites either for the

purpose of examining a situation of unique interest with little to no interest in

generalization, or to call into question a highly generalized or universal assertion.

This method is useful for answering cause and effect questions.

The methodological discourse stresses a number of themes on the direction and

organization of case studies—their design. Thomas (2011) summarizes some of the

better-known analyses in Table 3.

For an explication of the general themes raised in Table 3, the interested reader can

be directed to the analysis from George and Bennett (2005). This especially useful ana-

lysis draws heavily on the widely used typologies of Lijphart (1971) and, principally,

Eckstein (1975). George and Bennett (2005) emerge with six types of case study,

namely:

1. Atheoretical (or configurative idiographic) case studies—the goal is to describe a

case very well, but not to contribute to a theory;

2. Interpretative (or disciplined configurative) case studies—the goal is to use

established theories to explain a specific case;

3. Hypothesis-generating (or heuristic) case studies—the goal is to inductively identify

new variables, hypotheses, causal mechanisms, and causal paths. Outlier cases may

be especially valuable;
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4. Theory testing case studies—the goal is to assess the validity and scope conditions

of single or competing theories;

5. Plausibility probes preliminary studies—the goal is to assess the plausibility of new

hypotheses and theories, or to determine whether further study is warranted; and

6. Building block studies of particular types or subtypes of a phenomenon—the goal is

to identify common patterns across cases or serve a particular kind of heuristic

purpose

Notwithstanding the commonalities and differences of these types of case studies,

the key feature emerged from this list is that there is a mixture of criteria for clas-

sification. However, while case study research has evolved to be a pragmatic, flex-

ible research approach, the variation in application, validity, and purposefulness can

create a confusing platform for its use (Anthony and Jack 2009). Nevertheless, the

versatility of case study research to accommodate the researcher’s philosophical

position presents a unique platform for a range of studies that can generate greater

insights into different areas of inquiry. With the capacity to tailor approaches, case

study designs can address a wide range of questions that ask why, what, and how

of an issue and assist researchers to explore, explain, describe, evaluate, and

theorize about complex issues in context. This relates to the decisions that need to

be made about the purpose, approach, and process in the case study. Thomas

(2011) proposes a typology for the case study wherein purposes are first identified

(evaluative, exploratory, or descriptive), then approaches are delineated (theory-test-

ing, theory-building, or illustrative), then processes are decided upon, with a princi-

pal choice being between whether the study is to be single or multiple, and

choices also about whether the study is to be retrospective, snapshot, or dia-

chronic, and whether it is nested, parallel, or sequential.

Following this typology, the purpose in the four case studies is descriptive, the

approach is illustrative, and the process is multiple. The purpose is about the rea-

son of doing these studies. The approach is about the broad objects of these stud-

ies. The process is bout the operational processes of these studies, which entails

returning to the six subjects (as distinct from the four objects) and to the bound-

ary decisions made at the outset. There has to be an examination of the nature of

the decisions that were made at that time about the parameters that delimit the

subject of the study (Thomas 2011). In this context, these parameters fall around

the locus of defining the four cases by more of a range of boundary considerations:

a range of different elements that were studied in their complexity. This

Table 3 Kinds of case studies as enumerated by different analysts

Meriam (1988) Stake (1995) Bassy (1999) de Vaus (2001) Yin (2009)

Descriptive Intrinsic Theory seeking Descriptive/explanatory Critical

Interpretative Instrumental Theory testing Theory testing/building Extreme/unique

Evaluative Single/collective Storytelling Single/multiple case Longitudinal

— — Picture drawing Holistic/embedded Representative

— — Evaluative Parallel/sequential Revelatory

— — Retrospective/prospective —

Source: Adapted from Thomas (2011)
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determines the process of the four case studies, and this is about the presence of

the comparative element to these studies as multiple ones (Stake 2005). As stated

in this regard by Thomas (2011, p. ): “the case study, while it is of the singular,

may contain more than one element in its subject and if this is so—that is, if there

are two or several cases—each individual case is less important in itself than the

comparison that each offers with the others.” The key focus in the four case stud-

ies is not on the nature and shape of relationships per se in one city but rather

on, to some extent, the nature of the difference between the one and the other

and what this informs us about the dynamics that are significant in this difference.

This comparative element is why Schwandt (2001) calls this kind of case study

cross-case analysis. For the four case studies, we considered additional features of

the situation. How could the different studies be used for comparison—for cross-

case analysis in Schwandt’s (2001) terms? The principal means of doing this was

by straightforward comparison between clearly different examples. Moreover, the

four studies were parallel in the sense that the two cases in each of them were

happening and studied concurrently.

To elaborate further on the purpose, descriptive case study accentuates the flexibility

of case study research as a distinct form of inquiry that enables detailed and in-depth

insights into a diverse range of issues across a number of disciplines. There is a consen-

sus that the focus of a case study is the detailed inquiry of a unit of analysis as a

bounded system (the case), over time, within its context. In descriptive case study re-

search, questions and propositions about the four phenomena of compact cities, eco-

cities, data-driven smart cities, and environmentally data-driven smart sustainable cities

are carefully scrutinized and articulated at the outset. The articulation of what is known

about these phenomena is referred to as a descriptive theory. Therefore, the main pur-

pose of the four case studies is to describe the selected cases in detail and in depth

based on that articulation, and in their real–world settings. It is worth pointing out that

internal validity in research design is not relevant as in most descriptive studies. In-

ternal validity denotes the approximate truth about inferences regarding cause-effect,

or the extent to which a study establishes a trustworthy cause-and-effect relationship

between a treatment and an outcome. Accordingly, it is relevant in studies that attempt

to establish a causal relationship such as explanatory and hypothesis-generating (or

heuristic) case studies, whereas descriptive research is used to describe some character-

istics of certain phenomena, and does not address questions about why and when these

characteristics occurred—no causal relationship.

Descriptive case study steps

Descriptive case study research, as defined by (Yin 1984, 2009), has been identified as

the most suitable methodology for the four case studies. This methodology has been

chosen considering the nature of the problems being investigated, the research aim,

and the present state of knowledge with respect to the topics on focus. It involves the

description, analysis, and interpretation of the present nature, composition, and pro-

cesses of the six cities selected, where the focus is on the prevailing conditions. That is,

how these cities behave in terms of what has been realized and the ongoing implemen-

tation of plans based on the corresponding practices and strategies depending on the
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topic of each of the four case studies. To obtain a broad and detailed form of know-

ledge in this regard, we adopted a process that consists of five steps tailored to each of

the four case studies conducted (see Table 4):

Based on Table 4, the outcomes of descriptive case study can lead to an in-depth un-

derstanding of such aspects as behaviors, processes, practices, and relationships in con-

text with respect to different phenomena.

Selection criteria

There are different strategics for selecting the cases to be investigated. Seawright and

Gerring (2014) list seven case selection strategies:

1. Typical cases—exemplify a stable cross-case relationship. These cases are represen-

tative of the larger population of cases, and the purpose of the study is to look

within the case rather than compare it with other cases

2. Diverse cases—have variation on the relevant X and Y variables. Due to the range

of variation on the relevant variables, these cases are representative of the full

population of cases.

3. Extreme cases—have an extreme value on the X or Y variable relative to other

cases

4. Deviant cases—defy existing theories and common sense. They not only have

extreme values on X or Y (like extreme cases), but defy existing knowledge about

causal relations

5. Influential cases—are central to a model or theory

6. Most similar cases—are similar on all the independent variables, except the one of

interest to the researcher

7. Most different cases—are different on all the independent variables, except the one

of interest to the researcher

The strategy pursued in the four case studies is influential cases. In addition, the se-

lection of the six cases investigated was done in line with the overall aim of the futures

study, with a focus on the leading cities from the ecologically and technologically ad-

vanced European countries with respect to urban planning and development. The sub-

jects have come into focus because of the inherent interest of the six cases—they are

key cases of the phenomena of compact cities, ecological cities, data-driven smart cities,

and environmentally data-driven smart sustainable cities.

However, the subjects identified are in no sense a sample, representative of a wider

population. Rather, they are selected because they are interesting examples through which

the lineaments of the four objects: (1) compact urbanism, (2) ecological urbanism, (3)

data-driven smart urbanism, (4) and environmentally data-driven smart sustainable ur-

banism can be refracted. Their scope is not restricted (e.g., Thomas 2011; White 1992).

Compact cities: Gothenburg and Helsingborg

The cases of Gothenburg and Helsingborg have been selected using a theoretical sam-

pling approach (Yin 1984). The two cities fall within the category of large cities in

Sweden:
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Gothenburg is the second-largest city in Sweden, after the capital Stockholm, fifth-

largest in the Nordic countries. It is located by Kattegat, on the West coast and in the

south-west of Sweden. The area of Gothenburg has an approximate size of 447.8 km2.

Gothenburg has a population of approximately 599,000 in the city center and about 1

million inhabitants in the metropolitan area. It is home to many students from all over

the world, as there are two universities in the city: the University of Gothenburg and

Chalmers University of Technology. It is in a phase of expansion with a growing popu-

lation and as a result of increased immigration. The crisis during the 1970s has drastic-

ally transformed Gothenburg, from an industrial city to a knowledge and event city,

Table 4 Descriptive case study steps for the four case studies conducted

Compact City

• Using a narrative framework that focuses on the compact city model and its contribution to the three goals
of sustainability as a real–world problem and that provides essential facts about it, including relevant
background information
• Introducing the reader to key concepts, strategies, practices, and policies relevant to the problem under
investigation
• Discussing benefits, conflicts, and contentions relevant to the problem under investigation
• Explaining the actual solutions in terms of plans, the processes of implementing them, and the expected
outcomes.
• Offering an analysis and evaluation of the chosen solutions and related issues, including strengths,
weaknesses, tradeoffs, and lessons learned.

Eco-City

• Using a narrative framework that focuses on the eco-city as a real-world problem and provides essential facts
about it, including relevant background information
• Introducing the reader to key concepts, models, and design strategies relevant to the problem under
investigation
• Discussing benefits and research gaps and issues relevant to the problem under investigation
• Explaining the actual solutions in terms of plans, the processes of implementing them, and the expected
outcomes
• Offering an analysis and evaluation of the chosen solutions and related issues, including strengths,
weaknesses, tradeoffs, and lessons learned.

Data-Driven Smart City

• Using a narrative framework that focuses on the data-driven smart city as a real–world problem and provides
essential facts about it, including relevant background information
• Introducing the reader to key concepts, technologies, and data-driven smart sustainable urbanism processes
and practices relevant to the problem under investigation
• Providing an overview of the literature review previously conducted in relation to the study, which delivers a
comprehensive, state–of–the–art review on the sustainability and unsustainability of smart cities in relation to
big data technology, analytics, and application in terms of the underlying foundations and assumptions,
research problems and debates, opportunities and benefits, technological developments, emerging trends,
future practices, and challenges and open issues
• Explaining the actual solutions in terms of plans, the processes of implementing them, and the expected
outcomes
• Offering an analysis and evaluation of the chosen solutions and related issues, including strengths,
weaknesses, tradeoffs, and lessons learned.

Environmentally Data-Driven Smart Sustainable City

• Using a narrative framework that focuses on data-driven smart solutions and their role and potential in im-
proving and advancing environmental sustainability in the framework of the smart sustainable city as a real–
world problem, and provides essential facts about it, including relevant background information.
• Introducing the reader to key concepts, core enabling technologies, infrastructures, landscapes, frameworks,
as well as urban operating systems and urban operations centers, all with relevance to the problem under
study.
• Identifying the commonalities and differences between the two cities with respect to the emerging
technologies
• Explaining the actual solutions in terms of plans and visions, the processes of implementing them, and the
realized and expected outcomes
• Offering an analysis and evaluation of the relevant solutions and related issues, including strengths,
weaknesses, and lessons learned.
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where the two universities have become very important, and the focus on the sustain-

able development has increased.

Helsingborg is located in the Öresund region, exactly where the Øresund straits

are narrowest. The area of Helsingborg has an approximate size of 346 km2,

Around 3.9 million people live and work in this region. Approximately 135,300

people live in Helsingborg. Thanks to its position, Helsingborg is a strategic hub,

close to Malmö and Copenhagen. It is a regional center situated within the larger

metropolitan regions of Malmö and Copenhagen. It is a former industrial city that

has made an effort to regenerate old industrial sites in response to the need for

enhanced economic growth in order to contribute to new commercial and cultural

activities and to create new urban residential areas while keeping its industrial

heritage intact.

In addition, the ambition and success of these cities in the field of compact urbanism

makes their planning practices and development strategies an ideal sample to analyze.

This assertion can be demonstrated considering the international positioning of

Sweden in urban sustainability. Sweden is one of the leading Scandinavian, European,

and Global countries that have exemplary practical initiatives in sustainable cities, both

compact cities and eco–cities, in addition to a number of recent endeavors related to

smart sustainable cities. According to several rankings, Sweden, Denmark, Finland,

Norway, Germany, the Netherlands, and Japan have the highest level of sustainable de-

velopment practices (Dryzek 2005). Another ranking has recently been reported based

on 2018 Environment Performance Index (EPI) data: Sweden is one of the world’s lead-

ing countries in sustainability and has an overall score of 80.51 in regard to environ-

mental friendliness (Buder 2019). In fact, several empirical studies identify from the

mid–1980s onward an increasing ecological disruption in most of the ecologically ad-

vanced nations, such as Sweden, Denmark, Germany, and the Netherlands (Mol 2000).

Sweden and the rest of the Nordic countries have a comparatively low impact in terms

of CO2 emissions (The Norden 2008).

The two cities selected have been receptive to the compact city ideal. They have

chosen the compact city model as the most effective planning system that can go hand

in hand with sustainable development in light of the relevance and usefulness of the

findings produced by many studies in the field of sustainable urbanism. As such, they

may be seen as successful examples of compact city planning and development, and

critical cases in sustainable urban development. This is due to their long planning tradi-

tions and the existence of relatively solid economic resources on the local level, the na-

tional focus on sustainability in Sweden, and the wide authorization given to the local

authorities (Baldersheim and Ståhlberg 2002; Kalbro et al. 2010; Rose and Ståhlberg

2005). Moreover, they express sustainability ambitions in their master and comprehen-

sive plans, support progress and expansion over time, and experience developmental

pressure on their landscapes due to rapid urban growth. Additionally, it was important

to ensure that there was sufficient information available in the public realm to carry

out the analysis of the two cases. All in all, the selection criteria secured cases where

sustainability discourses, planning measures, practical advances, and future goals are

present. Gothenburg and Helsingborg illustrate how ambitious cities handle the chal-

lenges of sustainability and urbanization, and how different values and interests are

weighted and secured through urban planning and development.
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Eco-cities: Stockholm and Malmö

The cases of Stockholm and Malmö and Helsingborg have been selected using a theor-

etical sampling approach (Yin 1984). The two cities fall within the category of large cit-

ies in Sweden:

Centrally located in the growing Baltic region, Stockholm is the largest city in

Sweden, the capital of Sweden, and the most populous urban area in Scandinavia.

Approximately 1.633 million habitants live in the urban area, 2.4 million in the metro-

politan area, and 965,232 in the municipality. Moreover, Stockholm is an important

global city and one of the world’s cleanest capitals and metropolises due to the absence

of heavy industry and fossil fuel power plants. Indeed, it has a long history of environ-

mental work and was the first city to be granted the European Union’s Green Capital

award by the European Commission in 2010 due to its high environmental standards

and ambitious goals for further environmental improvement (European Green Capital

2009). This includes climate change, air quality, green energy, waste and water management,

wastewater treatment, sustainable land use, environmental management, and sustainable

transport. The city has a long-term commitment to sustainable development and the envir-

onment. Stockholm and SRS received an award for best sustainable urban development

project in the category Sustainable Communities, which was presented at the UN Climate

Change Conference in Paris 2015 by the C40 Cities Climate Leadership Group, a network

connecting more than 80 of the world’s megacities (Stockholm City 2020). The award is

proof that Stockholm is an international leader in sustainable urban development.

Malmö is the largest city of the Swedish County of Skåne and the third-largest city in

Sweden, after Stockholm and Gothenburg, with a population of 316,588 inhabitants out

of a municipal total of 338,230 in 2018. Being perfectly situated along the straights, it

separates Sweden from Denmark, and also connects Sweden to Denmark through the

Öresund bridge, whose opening in 2000 made Malmö Sweden’s principal point of

entry. Since the construction of the Öresund Bridge, Malmö has undergone a major

transformation which can be seen more clearly in Western Harbor (Västra Hamnen)

than in any other part of Malmö. The Municipality of Malmö had initially invested in

residential development on the site by means of a European housing exhibition focused

on sustainability—Bo01, exploring a drastic vision of future living intended to provoke

discussion and to be a best practice exemplar pilot project for a mixed district. This

event was held in Malmö in 2001.

Another rationale for selecting these cities is that, in addition to what Sweden is re-

nowned for as mentioned earlier, they have long been receptive to the eco-city ideal as

well as engaged in ecological planning for almost two decades (Bibri and Krogstie

2020a). Malmö is the second largest city in Sweden’s fastest growing urban landscapes

after Stockholm and one of the Sweden’s most ambitious cities in terms of sustainable

planning. This is well demonstrated by the great deal of planning material and ideas

produced about sustainable cities, for which the city has indeed been internationally

acclaimed and awarded as notably:

� The Liveable community’s award 2007

� Sweden’s first Fairtrade City 2006 and 2012

� The fourth greenest city in the world by Grist in 2007

� One of the first creative city in Europe by Fast Company 2009
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� The World Green Building Council’s BEX Award 2009

� Sweden’s most climate-smart Municipality 2011

� Environment Municipality of the Year 2010, 2013, and 2014

� European Green Capital Finalist 2012 and 2013

� Top 3 greenest cities in the world 2013

� The fourth Sustainable Urban Mobility Planning (SUMP) Award 2015

The two cities have chosen the eco-city strategy as the most effective planning system

that can go hand in hand with sustainable development in light of the relevance and

usefulness of the findings produced by many studies in the field of ecological urbanism.

Particularly, Stockholm Royal Seaport (SRS) and Western Harbor in Malmö have been

selected as eco-city districts for investigation. In recent years, much of the environmen-

tal work within Stockholm has focused on developing new sustainable urban districts.

One recent initiative is the SRS district, whose vision is to become a “world class envir-

onmental city district” (Stockholm City 2010). SRS is an area of 236 ha that is being

transformed from a brownfield zone into a site of 12,000 homes, 35,000 workplaces,

600,000 m2 of commercial spaces, and parks and green spaces, with approximately

35,000 people to live and/or work in the area. It is designated as an environmental profile

area with the mandate to become a model of sustainable urban development (Stockholm

City 2020). It is among the key climate-positive projects in the world that are considered

as examples of successful environmental and economic urban developments, demonstrat-

ing that cities can reduce carbon emissions and grow in climate friendly ways. The vision

of SRS relates to the overall goal established by the City of Stockholm to be fossil fuel–free

by 2050 (Stockholm City 2009, 2018). In this respect, SRS environmental profile should

consolidate Stockholm’s position as a leading capital in climate work, support the market-

ing of Swedish environmental technology, and contribute to the development of new

technologies (Bibri 2020a, b).

With respect to Western Harbor, it is designated as an environmental profile area

with the mandate to become a model of modern eco-city district. Its aim is to become

an international leading example of an environmentally sound, densely populated dis-

trict. Bo01 represents the first step in the process of transforming the 160 ha of West-

ern Harbor area into a sustainable urban district. When completed, the Western

Harbor area will consist of a total of approximately 11,000 homes and 17,000 jobs, and

over 20,000 people will be able to live in the area (Malmö City 2015). At the beginning

of 2014, this district had approximately 4000 homes and approximately 10,000 jobs, in

addition to a number of facilities and services (Malmö City 2015). The original plan

created to redevelop this formerly industrial, waterfront real estate has led to the trans-

formation of 18 ha into a mixed-use residential community built according to sustain-

able principles. The development of Bo01 in 2001 was to accommodate commercial

and social uses, and related housing exhibition in 2002 showcased what was achievable

in terms of planning, designing, and building to the highest energy efficiency and re-

newable energy standards. This in turn enabled the testing of new sustainable technolo-

gies and approaches to their application on a wider scale. However, the key goal of

Western Harbor is to become an environmentally sound and sustainable urban district,

integrating all three dimensions of sustainability, ecological, economic, and social

(Malmö City 2015).
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SRS and Western Harbor illustrate how ambitious districts handle the environmental

and sustainability challenges, and how different values and interests are weighted and

secured through urban planning and development. As such, they may be seen as suc-

cessful examples of ecological urbanism, as well as critical cases in sustainable urban

development. Moreover, Stockholm and Malmö express environmental and sustainabil-

ity ambitions in their master and comprehensive plans, support progress and expansion

over time, and experience developmental pressure on their landscapes due to

urbanization (Bibri and Krogstie 2020a).

Data-driven smart cities: Barcelona and London

The cases of Barcelona and London have been selected using a theoretical sampling ap-

proach (Yin 1984). The two cities fall within the category of large cities in Europe:

Barcelona is located in the northeast of Spain on the Mediterranean coast. It is the

capital and largest city of the autonomous community of Catalonia, as well as the sec-

ond most populous municipality of Spain. The area of Barcelona has an approximate

size of 101.9 km2 and a population of 5.586 million habitants. With a population of 1.6

million within city limits, its urban area extends to numerous neighboring municipal-

ities within the Province of Barcelona and is home to around 4.8 million people, mak-

ing it the fifth most populous urban area in the European Union after Paris, the Ruhr

area, Madrid, and Milan. It is one of the largest metropolises on the Mediterranean

Sea, located on the coast between the mouths of the rivers Llobregat and Besòs, and

bounded to the west.

London is the capital and largest city of England and the United Kingdom. The city

stands on the River Thames in the south-east of England, at the head of its 50-mile (80

km) estuary leading to the North Sea. The area of London has an approximate size of

1572 km2 and a population of 8.982 million habitants. London is considered to be one

of the world’s most important global cities. London’s universities form the largest con-

centration of higher education institutes in Europe, and London is home to highly

ranked institutions.

Selecting Barcelona and London amongst all the top cities leading the smart city ranking

(e.g., Eden Strategy Institute 2018) and the data-driven city ranking (Bibri and Krogstie

2020b; Nikitin et al. 2016) in the world is justified by three key reasons. First, the focus of

the futures study is on the European Cities of which London and Barcelona are the leading

data-driven smart cities. Second, both cities are widely recognized and mostly reputed for

using applied data-driven technology solutions in their operational functioning and planning

as part of the city management, and what this entails in terms of infrastructure, competen-

cies, data sources, and data-oriented institutional competences (e.g., Bibri 2020a; Batty 2013;

Eden Strategy Institute 2018; Kitchin 2014; Kitchin 2016; Nikitin et al. 2016; Noori et al.

2020; Sinaeepourfard et al. 2016). Third, they are increasingly seen as the leading European

cities that are taking the initiative to use and apply the IoT and big data technologies to ad-

vance sustainability—thereby evolving into what has been termed as data-driven sustainable

smart cities. The local governments of Barcelona and London have established a number of

projects and implemented several planning measures for modernizing their ICT infrastruc-

ture and strengthening their readiness to integrate data-driven technology solutions into

urban processes and practices.
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In view of the above, the two cities demonstrate exemplary practical initiatives as

regards the integration of data-driven solutions and sustainable development strategies.

As such, they may be seen as successful examples of the emerging paradigm of smart

urbanism, as well as critical cases in sustainable development within the technologically

advanced nations. On the whole, the selection criteria secured cases where advance-

ments in the IoT and big data technologies and their novel applications for sustainabil-

ity, coupled with future visions in this regard, are present.

Environmentally data-driven smart sustainable cities: Stockholm and Barcelona

The cases of Stockholm and Barcelona have been selected using a theoretical sampling

approach (Yin 1984, 2009). The Cities of Stockholm and Barcelona fall within the cat-

egory of large cities in Europe. The area of Stockholm has an approximate size of 188

km and a population of 1,632,798 million habitants, and the area of Barcelona has an

approximate size of 101.9 km2 and a population of 5.586 million habitants. Additionally,

the success of the two cities in the field of sustainable urbanism and smart urbanism,

respectively, makes their strategies and solutions an ideal sample to analyze. This asser-

tion can be easily demonstrated considering the multiple awards the two cities have re-

ceived during recent years and their international positioning. This pertains to

Stockholm as both a sustainable city and a smart sustainable city (e.g., Akande et al.

2018; Bibri 2020a, b; European Green Capital 2009; Holmstedt et al. 2017; Kramers

et al. 2016; Stockholm City 2009, Stockholm City 2010, Stockholm City 2018,

Stockholm City 2020). Stockholm is at the forefront of ecological/environmental think-

ing. It has very strong environmental policies and is focused on improving the quality of

life of its citizens (Lindström and Eriksson 1993; Stockholm City 2018) with support of

advanced technologies (Bibri 2020a; Wouter et al. 2018). According to the City of

Stockholm, an IoT–based infrastructure is highly important for, and the backbone for

building, smart sustainable cities nowadays (Bibri and Krogstie 2020a). As stated by

Johansson (2018), a project leader, the reason for establishing the IoT infrastructure in

the city “is because we have a lot of challenges. We know that using the smart technolo-

gies can help us to be a better city, for the people that live there, work there and even the

people that are visiting us.” He also stated that the environmental department in the city

is active with smart technologies. During the period 2015–2016, an ICT network was

established in the City of Stockholm to find a more comprehensive way of using ICT, and

the digital development department of the city was established with a much broader take

on ICT (Kramers et al. 2016). The city has recently taken concrete actions for using data-

driven technologies to reach its environmental targets by 2040, in particular in relation to

the initiative of SRS (Bibri and Krogstie 2020a). This smart eco–city district starts with a

common vision in smart planning on the basis of the IoT technology (The Nordics 2017).

The international positioning pertains to Barcelona as a smart city (e.g., Achaerandio

et al. 2011; Ajuntament de Barcelona 2014a; Cohen 2012a, b, 2014; European Commission

2014; Eden Strategy Institute 2018; Manville et al. 2014; Nikitin et al. 2016) and a sustain-

able smart city (e.g., Bibri and Krogstie 2020b; Noori et al. 2020). Indeed, Barcelona is taking

concrete actions for implementing the applied data-driven technology solutions developed

for urban operational functioning and planning as part of the city management to improve

and advance sustainability—thereby evolving into what has been termed as a data-driven
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sustainable smart city (Bibri 2020a). Barcelona is strongly committed to becoming a smart

city and a show-case for the rest of the world in sustainable urban development (Mora and

Bolici 2016). This is clearly figured in the public statements proposed by different local gov-

ernment representatives (see, e.g., Ajuntament de Barcelona 2011, 2012, 2013, 2014b,

2014c). One of the strategies of the Municipal Action Program is called “urban renewal”

and is associated with a precise strategic commitment to transform “Barcelona into a sus-

tainable, smart urban model at the service of its residents” (Mora and Bolici 2016, p. 3).

In light of the above, the two cities demonstrate exemplary practical initiatives as

regards the integration of data-driven solutions and sustainable development strategies.

As such, they may be seen as successful examples of the environmentally data-driven

smart sustainable city, as well as critical cases in environmental sustainability. This is

further due to the national focus on environmental sustainability in Stockholm and the

national focus on ICT in Barcelona, with visible shared goals and visions in regard to

these foci. All in all, the selection secured cases where advances in the IoT and big data

technologies and their novel applications for environmental sustainability, coupled with

future visions and goals, are present.

Subject, object, unit of analysis, and data collection method

Whatever the frame of reference for the choice of the subject of the case study, there is

a distinction to be made between the subject and the object of the case study. The sub-

ject is the “practical, historical unity” through which the theoretical focus of the study

is being viewed (Wieviorka 1992), and the object is the analytical frame within which

the study is conducted and which the case illuminates (Thomas 2011). Compact urban-

ism, ecological urbanism, data-driven smart urbanism, and environmentally data-driven

smart sustainable urbanism were identified as the universe—that is, the class of

events—of which a group of two cases in each of the four case studies represent in-

stances. The subjects of the four case studies, which are the six cases themselves, are

thus the instances of these four urban phenomena, and the latter—the phenomena—

comprise the analytical frame. This is based on the typology proposed by Thomas

(2011) for the case study following a definition wherein various layers of classificatory

principle are disaggregated (Fig. 2).

For a “case” to exist, we must be able to identify a characteristic unit … This unit

must be observed, but it has no meaning in itself. It is significant only if an observer …

can refer it to an analytical category or theory. It does not suffice to observe a social

phenomenon, historical event, or set of behaviors in order to declare them to be

“cases.” If you want to talk about a “case,” you also need the means of interpreting it or

placing it in a context (Wieviorka 1992, p. 160).

The aim of the futures study constitutes the basis for determining the unit of analysis

concerning the four case studies. The objects of the four case studies have key differ-

ences as well as some overlaps, so do the units of the analyses. The new model of ur-

banism that the futures study is concerned with represents the amalgamation of the

leading paradigms of urbanism. As to the first case study, the unit of analysis, the entity

that frames what can be analyzed, is the design strategies of the compact city and the

extent to which they support and balance the environmental, economic, and social

goals of sustainability. Concerning the second case study, the unit of analysis is the
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strategies and solutions of the eco-city and the extent to which they integrate the envir-

onmental, economic, and social goals of sustainability. As regards the third case study,

the unit of analysis is the applied solutions of the emerging data-driven smart city for

sustainability. With respect to the fourth case study, the unit of analysis is the data-

driven solutions applied in the sustainable city and the smart city for environmental

sustainability.

The unit of analysis is essential to focalizing, framing, and managing the data collec-

tion and analysis. The qualitative data were extracted from multiple sources of evidence

identified with a series of searches performed in various online databases. The relevant

archive records and documents produced by public and private organizations were con-

sidered as primary sources (i.e., master plans, comprehensive plans, visions, strategies,

agendas, project descriptions, presentations, etc.). In addition, a wealth of data was ac-

quired from other documents produced by organizations or researchers not directly in-

volved in the four initiatives of the city cases. These sources were considered as

secondary (i.e., reports, newspaper articles, journal and online articles, conference pro-

ceedings, research project deliverables, etc.).

Another supporting form of the primary data used in regard to the first case

study was face–to–face and telephone interviews conducted with a total of 10 in-

terviewees, including planners, architects, developers, consultants, and administra-

tive servants, These interviewees were mostly involved in those areas associated

with the challenging and conflicting issues of the compact city initiatives. These is-

sues were identified based on the previous empirical studies carried out in rele-

vance to the compact city model, as well as on the arguments advanced by the

critics of this model in the literature. One of the key objectives of the interviews

was to corroborate any progress made by the two cases investigated as to the de-

velopment and implementation of new measures to address the common environ-

mental and social issues of the compact city.

As regards the second case study, the other supported form of the primary data was

face-to-face and telephone interviews with a total of 10 interviewees, including plan-

ners, architects, developers, project leaders, and administrative servants. They were se-

lected from the ongoing projects of SRS and Western Harbor, especially those working

within the areas that involve contentious and challenging issues based on both the out-

come of the previous empirical studies carried out in relevance to the eco-city model,

as well as the arguments advanced by the critics of this model in the literature. One of

the key objectives of the interviews was to corroborate the progress made by the

Fig. 2 A typology of case study. Source: Thomas (2011)
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Municipalities of Stockholm and Malmö as to the development and implementation of

new measures to address the issues related to the economic and social dimensions of

sustainability. As regards the environmental dimension of sustainability, the objective

of the interviews was to document the practical advances claimed to be made in the

field of sustainable urban development, as well as the extent to which the eco-city dis-

trict strategies have been implemented according to the plan.

The interviews were mostly unstructured. They were intended to be used in ways that

can be adapted to the interviewees’ roles and interests. This means that the inter-

viewees were asked different questions. The findings were reported in a form of com-

plementing, substantiating, and conflicting statements. Additionally, a set of face–to–

face and telephone conversations were conducted with some researchers and scholars

at Lund University and Gothenburg University in relation to the first case study, and

Stockholm and Malmö in relation to the second case study. Within the framework of

the compact city, they were particularly important in providing further insights into

some ongoing projects for strengthening the influence of the environmental and social

goals of sustainability over urban planning and development practices in the ambit of

sustainable cities. In terms of the eco-city, they provided insights into some ongoing

projects and useful knowledge regarding the core dimension of environmental sustainabil-

ity and the efforts being made to support the balancing of the three goals of sustainability

through new endeavors focusing on social and economic issues in response to the agenda

of sustainable development. As far as the face-to-face conversations are concerned, they

took place with no schedule set in advance, whenever the circumstances allowed.

Analytical method: thematic analysis

To identify, analyze, interpret, and report the case–based themes, a thematic analysis

approach was designed and employed. This qualitative analytical approach was deemed

suitable given the form of knowledge and insights that we sought to gain from the

qualitative data gathered in connection with the cases studies. Generally, it is up to the

researcher to decide if this analytical approach is suitable for their research design, and

whether it can be adapted for their own uses or purposes.

Thematic analysis is particularly, albeit not exclusively, associated with the analysis of

textual material. It emphasizes identifying, analyzing, interpreting, and reporting

themes, i.e., important patterns of meaning within the qualitative data that can be used

to address the research problem. Braun and Clarke (2006) suggest that thematic ana-

lysis is flexible in terms of research design given that it is not dependent on any par-

ticular theory: multiple theories can be applied to this process across a variety of

epistemologies. Also, thematic analysis is more appropriate when dealing with a large

body of qualitative data. In addition to providing a flexible way of data analysis, the-

matic analysis permits researchers with different methodological backgrounds to en-

gage in such type of analysis (Braun and Clarke 2006). However, this flexibility can lead

to inconsistency and a lack of coherence when developing themes derived from the re-

search data (Holloway and Todres 2003). Moreover, thematic analysis minimally orga-

nizes and describes qualitative data in detail, involves the risk of missing nuances in the

data when used in a theoretical vacuum, does not allow researchers to make technical

claims about language usage (Braun and Clarke 2006), and relies on the researchers’
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judgement. The latter relates to the issue of reliability due to the numerous potential ways

of data interpretations and the potential for researcher subjectivity to distort the analysis.

There is no one accurate interpretation of data, interpretations reflect the positioning of

the researchers. Therefore, it is important for them to reflect carefully on their own inter-

pretations and continually on how they are shaping the evolving analysis by paying close

attention to the data to achieve a quality analysis. Thematic analysis takes as its analytic

object meaning by attending to the content of text in its various forms, while keeping in

mind how the data are generated, attending to some form of context for interpretation

purposes. This pertains particularly to secondary data. Secondary analysis usually involves

some degree of distance from the original data as regards to the research questions and

place where the data were gathered (see Elliott et al. 2013 for a discussion).

Thematic analysis has proliferated so that it can be diverse. Hence, it is best thought

of as an umbrella term for a variety of different approaches, which are underpinned by

different philosophical assumptions as well as divergent in regard to procedures. Braun

and Clarke (2006) distinguish between three main types of thematic analysis: coding re-

liability approaches, code book approaches, and reflexive approaches. Another classifi-

cation entails inductive and deductive types of thematic analysis. The inductive

approach involves allowing the data to determine the set of themes to be identified,

and the deductive approach involves handling the data with some preconceived themes

that are expected to be reflected in the data based on existing knowledge (descriptive

theory). The latter is applied in the case studies carried out on compact cities and eco-

cities. With respect to the former, it is applied in the case studies performed on data-

driven smart cities and environmentally data-driven smart sustainable cities. This is jus-

tified by the fact that these two approaches to urbanism are an emerging area of re-

search and practice. That is to say, there is no established theoretical framework that

gives a strong idea of what kind of themes to expect to find in the data (deductive). In-

deed, the intent is to develop a framework based on what can be discovered as themes

(inductive). Accordingly, these themes are not predetermined following the inductive

approach. As an inductive analytical approach, thematic analysis can be used to address

the different types of questions posed by researchers to produce complex conceptual

cross–examinations of meaning in the qualitative data. In addition, this approach to

thematic analysis is appropriate when analyzing and synthesizing a large body of data—

in the form of empirical studies, exploratory studies, conceptual frameworks, descrip-

tive accounts, reviews, and so on. It has also been applied to produce theory–driven

analyses. All in all, the researchers use thematic analysis as a means to gain insights

and knowledge from the qualitative data gathered.

The main four steps of the analytical approach applied in the four case studies, with

some slight differences, are as follows:

1. Reviewing the multiple sources of the data related to the selected cases.

The outcomes of this process are numerous themes that are associated with

the four models of urbanism in question. It is important to have a

comprehensive understanding of the content of the planning documents

and multidisciplinary literature, as well as to be familiarized with all aspects

of the data collected. This step provides the foundation for the subsequent

analysis.
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2. Pattern recognition (searching for themes) entails the ability to see patterns in

seemingly random information. The aim is to note major patterns within the

result of the first step. The second step looks for similarities within the sample

and codes the results by concepts. Coding involves identifying passages of text

that are linked by a common theme allowing to index the text into categories

and therefore establish a framework of thematic ideas about it. In this step,

the preliminary codes identified are the features of data that appear meaningful

and interesting, and the relevant data extracts are sorted according to the

overarching themes. Accordingly, coding facilitates the management of the vast

amount of data that has been collected. It is important to allude to the

relationship between codes and themes.

3. Revising themes is about combining, separating, refining, or discarding initial

themes. This relates mainly to the inductive approach to thematic analysis. Data

within the themes should cohere together meaningfully and be clear and

identifiable as regards the distinction between these themes. A thematic ‘map’ is

generated from this step.

4. Producing the report involves transforming the analysis into an interpretable

piece of writing by using vivid and compelling data extracts that relate to the

overarching themes, research questions, and literature. This is a fundamental

step for supporting future comparative research and cross-case analysis

(Yin 1984; Patton 2012). The report must go beyond a mere description of

the preconceived themes and portray an analysis supported with the empirical

evidence that addresses the research questions.

This analytical strategy has allowed to analyze the selected cases considering

the different perspectives of multiple observers. Moreover, the final description of

the process has gained greater strength thanks to the triangulation made possible

by the use of multiple sources of evidence (George and Bennett 2005; Yin 1984;

Voss et al. 2002).

As to the results from the thematic analysis of the four case studies, the interested

reader can be directed to Bibri and Krogstie (2020d). The integrated framework illus-

trated in Fig. 3 was derived based on the thematic analysis in terms of the core dimen-

sions of compact cities, eco-cities, data-driven smart cities, and environmentally data-

driven smart sustainable cities. It attempts to capture in a structured manner the

underlying components of the novel model for data-driven smart sustainable cities

of the future. In this respect, there are four basic categories of criteria that are

used in defining the data-driven smart sustainable city of the future, namely com-

pact urban strategies, ecological urban strategies, data-driven technologies and solu-

tions for sustainability, and data-oriented competences. The basic idea revolves

around the integration of the strategies of sustainable cities with the applied solu-

tions of data-driven smart cities. This is predicated on the assumption that big

data technologies and their novel applications associated with the informational

landscape of smart cities have great potential to improve and advance the design

strategies and technology solutions pertaining to the physical landscape of sustainable

cities in terms of their contribution to the environmental, economic, and social goals of

sustainability.
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Conclusion
Backcasting belongs to the normative category of futures studies. A number of futures

studies using the normative backcasting approach have highlighted its efficacy in indi-

cating pathways for sustainability transitions in terms of the ability to produce a desired

result, thereby its role and relevance in supporting policymakers and facilitating and

guiding their actions with respect to strategic sustainable development. The purpose of

the backcasting-oriented futures study is to create knowledge that can be used to guide

complex urban transitions towards urban sustainability in an increasingly technologized

and urbanized world. In this sense, backcasting can be viewed as changing mindsets

about how sustainable cities function by being designed in ways that allow to monitor,

understand, analyze and plan their systems to improve sustainability, efficiency,

Fig. 3 A framework for strategic sustainable urban development planning
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resilience, equity, and the quality of life. In the data-driven smart sustainable city of the

future as a complex system, backcasting is an effective approach to align various mea-

sures with each other and to ensure that each activity is the logical platform for the

next one.

This paper described, discussed, and justified the methodological framework ap-

plied in the futures study concerned with data-driven smart sustainable urbanism

as a form of transformative change towards sustainability. The novelty of this work

lies in the integration of a set of principles underlying several normative backcast-

ing approaches with descriptive case study design to devise a framework for stra-

tegic urban planning whose core objective is clarifying which city model is desired

and working towards that goal.

Visionary images of a long-term future based on normative backcasting can spur

innovative thinking about and accelerate the movement towards achieving the goals

of sustainability. The data-driven smart sustainable city of the future as a new

paradigm of urbanism can be seen as the most important arena for sustainability

transitions in the era of big data. It offers a clear prospect to instigate a

major transformative change by synergistically linking the agendas of urban devel-

opment , sustainable development, and technological development to add a whole

new dimension to sustainability in terms of its advancement. This kind of drastic

change requires a multifaceted process of strategic planning with an innovative vi-

sion that takes the sustainable city from its present state to a desirable future state.

Backcasting as the most suitable approach to strategic sustainability planning can

play a pivotal role in this regard by determining decisive steps and guiding deci-

sion–making processes to achieve the long-term desired outcomes. Moreover, it al-

lows for a better understanding of future opportunities and exploring the

implications of alternative development paths that can be relied on to mitigate or

avoid the potentially negative impacts of the future. It is a commonly held view

that strategic planning based on normative backcasting scenarios can change devel-

opment paths. When applied in sustainability planning, backcasting can also in-

crease the likelihood to envision certain changes. The interest in the pursuit of the

data-driven smart sustainable city of the future is motivated by the aspiration to

influence, inspire, as well as transform the future of the sustainable city by chan-

ging the path of its development or redirecting its transition to a better future in

the light of the emerging paradigm of big data science and analytics. Therefore, it

is scholarly worthy to venture some thoughts about where it might be useful to

channel the efforts now and in the future in the sphere of what has been termed

“data-driven smart sustainable urbanism.”

The outcomes of the four case studies carried out are intended to guide and inform

the futures study in terms of the underlying components of the novel model for data-

driven smart sustainable cities of the future. By carefully studying any unit of a certain

universe, we are in terms of knowing some general aspects of it, at least a perspective

that guides ongoing or subsequent research (Wieviorka 1992). Case studies often repre-

sent the first scholarly toe in the water in the new areas of research. In this context, the

six cases were investigated to identify the design strategies of sustainable cities and the

data-driven solutions of smart cities that are needed to develop the data-driven smart

sustainable city of the future as a new paradigm of urbanism.
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The application of and sound debate about the value, validity, and capability of case

study research have strengthened the efficacy of the case study approach as a powerful

form of qualitative research. Moreover, case studies are useful for formulating concepts,

which are an important aspect of theory construction (Mahoney 2010). The concepts

used in qualitative research tend to have higher conceptual validity than concepts used

in quantitative research due to conceptual stretching: the unintentional comparison of

dissimilar cases (George and Bennett 2005). Case studies add descriptive richness (Col-

lier 2011). However, a commonly described limit of case studies is that they do not lend

themselves to generalizability. Additionally, George and Bennett (2005) note that a

common problem in case study research is that of reconciling conflicting interpreta-

tions of the same.

The case study and backcasting approaches are both regarded as a tool with which

theories can be supported and their effects can be demonstrated, as well as facts can be

developed. The purpose of analyzing and evaluating the six cases associated with the

futures study is to provide the theoretical and practical foundations necessary for back-

casting the future phenomenon of the data-driven smart sustainable city. In this re-

spect, it is important first and foremost to define which characteristics of the future

state of this phenomenon are meaningful, beneficial, and interesting, and should there-

fore be incorporated in the backcasting (see Bibri and Krogstie 2020d for further de-

tails). This involves both the theoretical underpinnings and the emerging practices that

are of pertinence and importance as a basis for the backcasting. With respect to the

former, the material needed to make the backcasting depends on how strong the theor-

etical frameworks we have about the envisioned phenomenon of the data-driven smart

sustainable city and its internal relationships from a conceptual, disciplinary, and dis-

cursive perspective (see Bibri 2018a, d, 2019a, c, d, 2020a; Bibri and Krogstie 2016,

2017b for further details). Commonly, quite a strong basis for backcasting any future

phenomenon is available when there are frameworks that can explain, support, and jus-

tify that phenomenon. On the whole, this scholarly backcasting endeavor combines the

theoretical analysis and the empirical investigation to develop the data-driven smart

sustainable city of the future.
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