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Abstract Long-term, system-level foresight is needed when
grand challenges are addressed in the transport sector. This
paper explores how socio-technical transitions can be antici-
pated and taken into account in strategic transport planning.
Techniques to integrate long-term foresight and understanding
of socio-technical change in the transport system to support
long-term transport policy targets are introduced. The pro-
posed approach extends and combines transport system vision
building to analysis of system-level changes on a three-level
framework. It presents a novel, policy relevant application in
the field of socio-technical transitions. The case is demonstrat-
ed with a vision of a safe and secure Finnish transport system
in 2100. First, a consistent transport system vision was created
with transport experts and authorities using a structured vision
building process. Second, key topics involved in the transition
from the existing socio-technical system to the envisioned
future were analysed using the three-level framework. The
demonstration proved successful, and it has contributed to the
understanding of importance of the shared long-term perspec-
tive in transport system decision-making and strategic plan-
ning. It has also generated wider discussion on transport
system visions, desired futures paths as well as measures
and changes required among the Finnish transport systems
stakeholders.
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1 Introduction

Global warming, energy supply, urbanisation, global
markets, scarcity of financial resources, security issues,
aging population as well as digitalization of our envi-
ronment are grand challenges, which we need to con-
sider carefully as we make strategic plans for future
transport systems. Potential measures and innovations
to tackle the grand challenges are often systemic,
resulting in system innovation or transition, in other
words a shift from one socio-technical system to anoth-
er. Such co-evolution processes involve not only tech-
nological changes but also changes in e.g. social, cul-
tural, economic or legal dimensions. Uptake of new
technologies or services may be difficult, delayed or
even fail completely if the existing system is ‘locked
in’ at multiple dimensions. In strategic, long-term trans-
port planning this needs to be acknowledged concerning
typical transport sector features such as long-span in-
vestments and strong role of regulation.

A transport system is a socio-technical system that consists
of a cluster of aligned elements: artifacts, knowledge, markets,
regulation, cultural meaning, infrastructure, maintenance net-
works, supply networks, etc. The systemic nature of transport
systems together with the grand challenges necessitate new
ways of future-oriented system-level thinking, strategic plan-
ning and decision-making. There seems to be a lack of socio-
technical foresight methodologies and practical approaches in
the transport domain that could dispel the uncertainty and help
anticipate future opportunities and threats as a part of the
strategic planning process. Instead of using foresight ap-
proaches, anticipating the future of transport systems has
traditionally focused on analysing and extrapolating past
trends and forecasting future trends. Typical example of a
well-established futures analysis in the sector is transport
volume forecasting.
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In this paper we aim to expand the scientific discus-
sion on the importance of system-level foresight in
strategic transport planning. We address the topic
through the following research questions:

1. How can socio-technical transitions be anticipated and
taken into account in strategic transport planning?
2.What are the techniques to integrate long-term foresight and
understanding of socio-technical change to support long-term
targets in strategic transport planning?

As our case study, to explore how long-term foresight and
transport system visions particularly could be used in antici-
pating socio-technical changes and consequently supporting
strategic transport planning in practice, we use a research
project aiming to structure a vision of a safe and secure
Finnish transport system in 2100. The project was launched
as a part of the Traffic Safety 2025 research program in 2011.

The paper is structured as follows. First, theoretical ap-
proaches relating to long-term foresight and socio-technical
transitions in the context of decision- and policy-making are
reviewed in Chapter 2. Based on the discussion how they
could contribute in the context of transport system and what
is lacking in practical methods to be applied in strategic
planning, we present a novel approach for combining an
analysis of system-level changes and foresight in the transport
sector in Chapter 3. We claim that the proposed approach can
provide a means to anticipate and take into account socio-
technical transitions in strategic transport planning. This ap-
proach extends transport system vision building further to
mapping of socio-technical frames for transitions. Chapter 4
demonstrates our case with a vision of a safe and secure Finnish
transport system in 2100, and the key topics in transition are
explored and visually illustrated using the developed three-level
framework of the transport system. The contribution and prac-
tical implications of our novel approach, as well as the out-
comes of the demonstration, are discussed in Chapter 5.

2 Theoretical background

The theoretical background of the paper stems from
integrating insights from two disciplines, long-term
foresight and socio-technical transitions, and bringing
them into the context of strategic planning and practical
decision and policy-making.

2.1 Long-term foresight

The impact of foresight on the processes of policy-making has
been discussed among foresight experts and practitioners such
as Georghiou and Keenan [1], Da Costa et al. [2], Weber et al.
[3] and Könnölä et al. [4]. We approach the topic through the

three major functions [3] of foresight to support policy-
making: 1) informing, 2) facilitation and 3) guiding.

Decision-makers and politicians are dealing with increas-
ingly complex issues that are highly interconnected and mul-
tidimensional [2, 4]. Extensive amount of information is
available, but the challenge is how to exploit it in the given
timescale of policy-making. The informing function of fore-
sight refers to generation of insights regarding the dynamics of
change, future challenges and options of steering measures
and policies. These new knowledge and ideas are transferred
to e.g. policy-makers as an input to policy conceptualization
and design [2].

Our approach of modified long-term foresight answers to
the informing function raised by the literature by integrating a
large amount of future trends and drivers for transport in three
levels (landscape, transport system and technologies and ser-
vices) into a limited set of variables with the help of expert
panel and expert workshops.

The second function, facilitation of policy implemen-
tation, gets its motivation from the changing nature of
policy-making. There has been a shift in the conceptual
understanding of policy processes [3, 2] from linear to
cyclic models of policy-making. The linear model con-
sists of successive phases such as formulation, imple-
mentation and evaluation, whereas the cyclic model
proposes that the evaluation phase should feed back
into the policy formation and implementation phases.
In the facilitation function foresight can be seen as an
instrument to build common understanding, actor net-
works and shared visions among stakeholders. It also
provides a forum for various actors to communicate,
cooperate and learn in relation to a specific change or
transition. Foresight processes promote the development
of future-oriented attitude among participants, which
may ease policy implementation [2].

To respond to the facilitation function, a multi-
technological expert group and civil servants from two main
transport agencies in Finland were involved in the research.
They gave their contributions as work shop participants, com-
mentators as well as disseminators of the results.

The third function, policy guiding, refers to the ca-
pacities of foresight to support strategic planning or
policy formulation. Weber et al. [3] describe this func-
tion as strategic counseling of the policy process. This
function occurs only if the foresight process is carried
out jointly with the policy-makers in charge of the
specific policy field. Foresight exercises may even bring
to light the inadequacy of the current policy system to
address the major challenges that society is facing [2].

Our case study of safe and secure Finnish transport
system 2100 supports the future strategies of transport
system safety and security in Finland and hence con-
tributes also to the guiding function.
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2.2 Socio-technical transitions

Rotmans et al. [5] have defined transitions as gradual, contin-
uous processes of change, where the structural character of a
society transforms. A transition is the result of developments
in different domains, and it can be described as a set of
connected changes, which reinforce each other but take place
in several different areas, such as technology, the economy,
institutions, behaviour, culture, ecology and belief systems.
Existing systems are often ‘locked in’ at multiple dimensions,
they are stable and not easy to change, and hence new tech-
nologies, services or practices are not easily taken up [6].
Instead of comprehensive study of the society, we focus in
this paper on one sub-system, the transport system.

To describe changes in socio-technical systems, a distinc-
tion can be made between three levels. The socio-technical
landscape relates to material and immaterial elements at the
macro level: material infrastructure, political culture and coa-
litions, social values, worldviews and paradigms, the macro
economy, demography and the natural environment. The sec-
ond level, that of regimes (meso level), relates to dominant
practices, rules and shared assumptions. At the meso level are
the interests, rules, beliefs and organizations that guide private
action and public policy. For the most part these are geared
towards optimising rather than transforming systems. The
niche level (micro level) relates to individual actors and tech-
nologies, and local practices. At this level, variations to and
deviations from the status quo can occur, such as new tech-
niques, alternative technologies and social practices. The con-
cept of transition can be used at different aggregation levels,
such as companies, sectors, countries and regions [5].

System-level changes or transitions have recently been
identified as an important area of research in the literature
and many related concepts and phenomena are poorly under-
stood [5–9]. In Finland, previous research include some em-
pirical studies in the fields of health care, energy, environment
and ICT (information and communications technology) [e.g.
10, 11], but not in transport, even though transport system can
be considered as a model example of a large socio-technical
system. Further, tackling grand challenges in the transport
sector certainly necessitates transitions in contemporary motor
vehicle based, oil dependent transport systems. Consequently
understanding of systemic changes needs to be introduced to
the context of strategic transport planning. Our paper contrib-
utes to these needs by presenting a novel approach for long-
term foresight to support socio-technical transitions and relat-
ed decision- and policy-making.

The LTS (large technological systems) approach developed
by Hughes [12] understands technological innovation and
stabilisation in terms of systems metaphor. The argument is
that those who build technology or technological systems do
not concern themselves with (technological) artefacts alone,
but must also consider the way in which the artefacts relate to

social, economic, political and scientific factors. That is to say,
technological systems are open systems and all these factors
are interrelated. Among the components of technological sys-
tems are physical artefacts, organizations, scientific and legis-
lative components and natural resources. ‘System builders’
travel between the different domains, such as politics, eco-
nomics, technology and social change, and weave a ‘seamless
web’ into a functioning whole. According to Hughes [12], the
evolvement or expansion of LTS can be presented in the
following phases: invention, development, innovation, trans-
fer, growth, competition and consolidation. LTS theory also
presents other useful concepts, such as technological momen-
tum (which systems acquire as they mature), technological
style, and reverse salient, that can help in discovering or
understanding new aspects in technological development.

The SCOT (social construction of technology) approach
[13] is a complementary approach to the LTS theory. In this
constructivist study of technology, technological stabilisation
is referred as ‘closure’ concept and presented as follows:
‘When the social groups involved in designing and using
technology decide that a problem is solved, they stabilise or
consolidate the technology. The result is closure. Various
groups will, however, decide differently not only about the
definition of the problem but also about the achievement of
closure and stabilisation’.

The above theoretical approaches suggest that system-level
changes, technological stabilisation being part of it, can be
understood only if the technological aspects are seen as being
interrelated with a wide range of non-technological factors.
The approaches present good theoretical considerations on
analysis of the past, but it seems that practical methods having
future orientation and to be applied in strategic planning and
are lacking. In addition, as we have already recognized from
the practical side, tackling the grand challenges in the trans-
port sector necessitates systemic changes, which again require
practical approaches and tools to be introduced in strategic
planning and decision-making processes.

In this paper, we use the term “foresight”, as it is used in the
field of futures studies, to describe activities such as: 1) critical
thinking concerning long-term developments, 2) debate and
effort to create wider participatory democracy and 3) shaping
the future, especially by influencing public policy. Foresight
encompasses a range of approaches, e.g. scenario building and
Delphi method that combine the three aforementioned activ-
ities. Foresight is particularly a strategic decision-making tool,
which helps a company, organization, or even a whole sector
of society to respond to the question of how we can succeed in
a changing world. Public participation in transport plans is an
example of short term transport foresight, which has encour-
agedwide interest and debate for decades. There are, however,
some examples of longer term participation exercises and the
importance of co-operation and partnerships in future trans-
port systems [e.g. 14–16].
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In the following section, we present a novel ap-
proach for combining an analysis of system-level
changes and foresight in the transport sector. We claim
that this kind of approach can provide a one possibility to
anticipate and take into account socio-technical transitions in
strategic transport planning.

3 Novel approach to transport foresight

3.1 Transport system

A transport system is a large socio-technical system,
where transport services are provided by employing a
variety of technologies and solutions. Technological,
social, economic, political, legal and environmental
dimensions are all immanent, and the interaction of
these dimensions with one another contributes to the
complexity of the functioning of a transport system.
The three basic components of the transport system are
transport infrastructure, vehicles and users. In addition,
a fourth, managerial component can be identified to
account for transport system governance and regula-
tion. Each of these components functions and influ-
ences one another in the aforement ioned s ix
dimensions.

On the other hand a transport system as a whole can be
perceived as one component in the wider societal landscape.
From this point of view transport is an enabler, providing
mobility in the society. The transport system is affected by
e.g. energy systems and social structures. Transport services
are created using resources and technologies from a multitude
of application areas. We propose that socio-technological
changes and transition processes in the transport system can
be explored using a three-level framework. The three levels
inspired by Geels [17] and further adapted to the context of
transport are from the most aggregated to the most detailed:

& Level A. Landscape
& Level B. Transport system
& Level C. Technologies and solutions.

The three components that build up the transport system
(users, infrastructure and vehicles), as well as the fourth com-
ponent for transport system governance and regulation, are
mapped in Fig. 1 on the three-level framework. The position
of each component indicates the most relevant level or levels
where activities take place. However, all four components
function in interaction with one another across all three levels.
In addition, in Fig. 1 some key elements relevant to each of the
transport system components are illustrated, positioned to
indicate their main application level.

3.2 Vision building process

In order to anticipate potential transport system futures, a
vision building process has been developed [18]. The process
consists of three consecutive steps (Fig. 2), where appropriate
futures techniques are used to involve transport sector experts
and formulate one or several images of the future transport
system. Suitable time frame ranges from 50 to 100 years into
the future. The three steps of the vision building process are:
1) environmental scanning, 2) futures table and visions and 3)
describing visions.

The first step, environmental scanning, is a survey of forces
of change, where trends and signals to impact the transport
system and the entire society in the selected time frame.
Literature research and expert workshops serve as input for
this step, and the list of forces of change can be organised
using PESTE (political, economic, social, technological and
environmental) analysis and transition management. Relevant
transport sector experts to be involved include policy-makers,
authorities and academics. The outcome of the first step is a
list of forces of change organised on the following levels: 1)
landscape, 2) transport system with subdivision into political,
economic, social and environmental factors and 3) technolo-
gies and solutions.

The core of the second step, futures tables and visions, is to
arrange a futures workshop where relevant transport system
stakeholder groups take part in the envisioning process. Be-
fore the workshop, the list of forces of change compiled in the
first step needs to be reduced to a compact list of 10 to 20
topics by an expert panel. Selected forces of change will serve
as variables in the futures table, and three to six alternative
futures will be generated to describe each variable. To fill up
the futures table by formulating the alternative futures is the
first task in the futures workshop for transport sector experts.
The second task is to discuss and choose a starting point and a
path for the vision. The starting point could be e.g. an entry in
the futures table or a predefined goal that motivated the vision
building exercise in the first place. The vision path is then
formulated by selecting a suitable alternative future de-
scribing each variable to define the vision. According to
the objectives of the envisioning process, the partici-
pants of the workshop could be encouraged to find a
consistent, mutually agreed transport system vision or a
set of alternative visions. The line-up of the workshop
may include e.g. policy-makers, authorities, academics,
organizations, companies and citizens. Wide representa-
tion of relevant actors and fields is essential, and ideally
the list of invitees could be an extension of the expert
workshop from the first step of the vision building
process. The second phase futures workshop would thus
involve both the already committed transport sector
experts and the newly invited stakeholders from a more
diverse background.
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The third and final step, describing visions, brings the
vision or visions into life: a manuscript is created for each
vision, based on the vision paths sketched in the futures table.
Besides written reporting, useful approaches to describe and
explain a vision include visual illustrations, time lines, short
stories and mind maps. Six relevant themes in the context of
transport systems to be covered are 1) society as whole, 2)
energy system, 3) transport system, 4) transport system tech-
nologies and services, 5) transport safety and security and 6)
transport and environment.

In this paper, we elaborate the vision building process
further, and the three-level framework of the transport system
(Fig. 1) will be linked into it. When combined, vision building
and mapping of socio-technical frames for transitions enable a
thorough exploration of analysing socio-technical change in
the transport system.

4 Envisioning a safe and secure transport system

4.1 Background

In order to explore how long-term foresight and transport
system visions particularly could be used in anticipating
socio-technical changes and consequently supporting strategic
transport planning in practice, research study aiming to struc-
ture a vision of a safe and secure Finnish transport system in
2100 was launched as a part of the Traffic Safety 2025
research program in 2011. The study built on previous work

within the research programme, where the method vision
building process [18] had been structured. The objective of
the study was to outline one possible image of the future
transport system in Finland that would fulfil the ambitious
traffic safety goals as expanded from the nationally
established short- to mid-term road safety targets. These goals
pursued a vision of a safe and secure transport system where
no serious accidents leading to injuries, fatalities or damage to
property or the environment occur.

4.2 Process

4.2.1 Vision building

The working process to create the vision was organised ac-
cording to the vision building process with minor adjustments
[18]. Futures literature on transport but also other sectors and
aspect in the society was scanned. Topics of special interest
were safety and security, energy systems, innovation in ICTs
and societal developments.

Two futures workshops were organised, and transport sec-
tor experts to take part in these two events were selected by
personal invitations. The selection principle for participants
was that the combined know-how in each workshop would
cover all transport modes as well as a maximum variety of
transport-related topics such as environment, fuels, energy,
safety, passenger transport, public transport, freight logistics,
ICTs and transport policy. For the first workshop (step 1,
environmental scanning) participants consisted of ten

Fig. 1 The three-level
framework to study the transport
system
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researchers of different fields within transport safety, shipping,
logistics, transport economics, intelligent transport systems
(ITS), human technology interaction (HTI), daily mobility
and low carbon energy for transport. The rationale for inviting
researchers only was that they would provide the best knowl-
edge of past, current and future trends within their area of
expertise. This allowed the structuring of a comprehensive list
of forces of change based on researchers’ views that was
further on validated and amended by the more heterogeneous
line-up for the second workshop.

The second expert workshop (step 2, futures tables and
visions) involved representatives from national transport and
transport safety agencies as well as researches. The objective
was to actively involve transport authorities, i.e. the stake-
holders in charge of strategic and operative aspects in
decision-making. The mixed approach brought together the
expertise and future views of ten academics and practicing
transport authorities, thus ensuring a sound theoretical as well
as practical basis for the vision. As a result of the workshop,
the key variables and starting points for vision building were
defined. Low carbon energy for transport as the environmental
philosophy and automation and intelligent solutions were
identified as the two starting points. These two topics mani-
fested themselves throughout the expert workshop, both in
terms of setting boundary conditions to the vision and in terms
of providing opportunities and solutions to reaching the

envisioned safety goals. Next, the manuscript for the vision
was structured to analyse five of the predefined six themes
suggested by the vision building process. Transport safety and
security as a separate theme was omitted, as it was elevated to
the centre of focus within the other five themes. The vision is
summarized in Section 4.3.

4.2.2 Mapping socio-technical frames for transitions

Having formulated the vision, the most important forces of
change resulting in socio-technical transitions, as identified in
the literature and the futures workshops, were mapped on the
three levels (landscape level, transport system level and level
of technologies and services) relevant in the context of trans-
port systems. Next, we used the three-level framework of the
transport system to illustrate the two key topics that together
with the transport safety targets laid the foundations for the
vision of a safe and secure Finnish transport system 2100. As
concluded in the future workshops, the two key topics that
characterized the experts’ discourse dealt with environmental
philosophy and automation and intelligent solutions. Issues
related to these two topics were continuously being referred to
during the workshops. Environmental challenges and possi-
bilities with automation and other intelligent applications were
depicted by the experts as boundary conditions to the vision,
complementing the safety goals. Secondly they were

Fig. 2 The three-step vision
building process to create
transport system visions

348 Eur. Transp. Res. Rev. (2014) 6:343–354



perceived as key areas where synergies of interests as well as
technological solutions to reach the envisioned future of a safe
and secure transport system could be found. Consequently,
these topics were justified selections for the illustrations. In
addition, we present a third complementary illustration, where
the networks of actors within the envisioned transport system
are explored. This third topic was chosen to highlight the
importance of cooperation between the transport system
stakeholders as perceived by the workshop participants: i.e.
commitment of stakeholders from different fields and back-
grounds to cooperate towards the safety goals and also recog-
nition of changing dynamics among the stakeholder groups.

The illustrations show the main elements and their linkages
within each of the topics. This contributes to the identification
of transitions of different type and size that play a role in
reaching the vision. Interactions between developments and
how they can build up to enable major transitions can be
analysed. Further, they can support strategy and policy design
and decision-making with the aim to initiate, encourage or
accelerate desired transitions on a desired development path
towards the vision. On the other hand, the illustrations could
be used as a tool to identify potential risks and obstacles. The
illustrations of the key topics are presented in Section 4.4.

4.3 Vision

The vision of a safe and secure Finnish transport system in
2100, where no serious accidents leading to injuries, fatalities
or damage to property or the environment occur, was formu-
lated based on two central base assumptions as shaped in the
futures workshop. Firstly, sustainable and carbon neutral en-
ergy production was brought up as a defining characteristic of
the electricity intensive society. Secondly, wide use of auto-
mated and intelligent applications in various technology fields
was selected as the enabler of safety and security.

The Finnish society was assumed to follow a fairly unsur-
prising development path with moderate growth in population
and economy and advancement in technologies. In the energy
sector, a separation from fossil fuels was anticipated. Themain
sources in electricity production in the vision are biomass,
hydro power and nuclear energy, each accountable for a
quarter of the total electricity mix.

The dominant mode in the envisioned transport system is
rail. Half of all passenger transport and about two thirds of
freight movements use the extensive rail network. Fast rail
transport connects cities, and urban rail systems, the vehicles
of which are able to separate as small modules from the rail
network to move on the street infrastructure, cover the densely
populated areas. Pedestrian traffic and cycling have improved
their standing in personal mobility, and the safe transport
environment combined to easy spatial accessibility make them
the most attractive choice for most uses in the urban environ-
ment. The complementary mode for both passenger and

freight transport outside the rail network is road. Air transport
has a marginal role in long distance travelling and sea trans-
port is solely used for long distance shipping. All motorized
transport is powered with electricity and operated in full
automation.

The physical and service infrastructures of the envisioned
society do not limit to sectoral applications, but e.g. transport
functions as one part of the integrated infrastructure system.
Transport services are managed in this shared multi-service
environment, and synergies with other applications contribute
to e.g. transport safety, mobility planning services and logis-
tics efficiency. Risks and uncertainties regarding the reliability
and undisturbed operation of the transport system culminate to
the dependence on automation and intelligent systems. How-
ever, challenges regarding these issues were considered to
have been solved by 2100, when the integration of transport
systems among other applications was depicted as stable and
well established. Environmental risks and impacts of the
envisioned transport system are negligible; vehicle operation
and electricity production release no harmful emissions, and
use of materials in physical structures complies with sustain-
able practices.

The roles of public authorities and private companies are
re-organised in the vision, and provision of transport services
as well as upkeep, operation and maintenance of the transport
system are managed by a new type of network. Authorities,
businesses and citizens all interact in this network, enabling
real-time information exchange and efficient operation.

4.4 Socio-technical transitions

4.4.1 Forces of change

Figure 3 shows the most important forces of change behind
the socio-technical transition leading to the envisioned safe
and secure transport system in 2100. These forces of change
and resulting changes are mapped on three levels (vertically):
landscape, transport system and technologies and solutions.
They are also organised in three successive phases
(horizontally): emergence, diffusion and establishment. The
idea to seek for time-dependent sketching of the developments
along the vision path has been adapted from studies by Geels
[6, 15], but it corresponds also to the idea of evolution of large
technological systems and the concept of technological mo-
mentum by Hughes [13]. Furthermore, Fig. 3 shows elements
that are strong drivers with major impact (colored back-
ground) but also weak or dying innovations that may at first
seem promising but gain only little impact in the long run. Key
relationships between forces of change on different levels and
how drivers from levels A and C give momentum to changes
on level B are indicated with arrows. Figure 3 provides the
wider context for the more detailed illustrations presented in
the following Sections.
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4.4.2 Environmental philosophy

Figure 4 illustrates the most important elements within the
topic of environmental philosophy. The initial driving forces
towards the very ambitious vision of a sustainable and carbon
neutral energy production in an electricity intensive society
can be identified on levels A and B, the landscape and trans-
port system-levels.

Interest from the user side in a clean transport environment
as well as political consensus over issues dealing with energy
and the environment are here the key. Commonly accepted
value base enables focused decision-making towards an envi-
ronment friendly transport system, in this case realised by
means of electrification. Efforts from the transport system
organisation, governance and operation have been directed
to support carbon neutral energy production and smart elec-
tricity grids that are required in order to have a functional
electrically driven vehicle fleet. Technical specifications,
standardisation and labelling are examples of tools that may
be used to reach the desired impacts in technology develop-
ment in the means of transport as well as transport infrastruc-
ture. Solutions for vehicle technologies, batteries and charging
infrastructure can benefit from such activities. The uniform
value base is also manifested through responsible customer
choices made by the users of the transport system. This shows

e.g. in preference to choose emission-free and silent electric
transport and appreciation for sustainable use of resources. On
the other hand regulative or economic measures to steer the
development in the desired direction were not discussed in the
workshops in detail.

4.4.3 Automation and intelligent solutions

Figure 5 illustrates the most important elements within the
topic of automation and intelligent solutions. For this topic the
sparks to ignite and accelerate uptake of automation and other
technological innovations can emerge on any of the three
levels, and the pathways towards the envisioned state of fully
automated motorized transport with variety of intelligent ap-
plications ensuring safety and security can be very complex.
Supposedly parallel but interlinked evolution processes are
required most importantly in the technology development
around vehicles, vehicle materials and structures, transport
infrastructures with large information flows and integration
to other systems. But similar evolution processes are also
required in business models and multi-service environments
that accommodate and diffuse the more technology-oriented
elements. All of the aforementioned aspects benefit from
technical specification, standardisation and other supporting
measures that may be introduced by the transport

Fig. 3 Forces of change leading to the establishment of the new socio-technical system of the envisioned safe and secure transport system
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organisation, governance and regulation on the transport sys-
tem level. On the other hand, implementation of complex and
advanced technologies with diverse impacts and risks have to
be introduced in a controlled way, and monitoring and sets of
requirements on reliability, safety and security need to be paid
attention to on the transport system level.

Wide deployment of automation and advanced intelligent
technologies necessitates pull mechanisms and acceptance
from the user side. Positive incentive to adopt these new
concepts include, besides the targeted safety and security
improvements, smooth traffic flows, more flexibility in how
travel time and in-vehicle space can be used and easy multi-
service solutions for e.g. travel planning. More controversial
issues are the absence of driving experience and vehicle
ownership that may be welcome news for some user groups
but more difficult to accept by others. Implementation of
various policy instruments may be required in addition to
introduction of attractive new choices, such as automation
and public domain or shared vehicles. Here new ways of
strong governance is needed in policy implementation and in
identification of roles and building co-operation between pub-
lic and private bodies.

4.4.4 Networks of actors

Figure 6 illustrates the most important elements within the
topic of networks of actors. This is a very large topic with
multiple dimensions but very little organised structure in the
vision of the safe and secure transport system. However,

because of the major importance of the topic, a few aspects
raised along the futures workshops are addressed.

The dominant viewwas that the different user groups of the
transport system will have a more active role in the planning
and management processes linked to the transport system.
Roles among users and the public and private sectors would
thus be organised in a new balance, where many tasks are
divided between these three actor networks. The main respon-
sibilities in transport system organisation, governance and
regulation, e.g. monitoring and controlling measures, would
still be in the hands of authorities and service businesses, but
with extensive involvement of the users.

One dimension that involves all the networks of actors
within the transport system is the information flow.
Manufacturing industry bringing vehicles to market has the
key role in issues dealing with vehicle-born information.
Other manufacturing and service businesses take interest in
the infrastructure-born information in the context of the trans-
port system. Transport system organisation and governance
needs the information flows from these two sources and at the
same time it has a role to play in organising a general envi-
ronment where information can be created, shared and made
use of in a safe, secure and efficient way. The users can also be
seen as the ones creating the vehicle-born, infrastructure-born
and other information in real-time. And the users are the ones
that ultimately get the benefit that may manifest itself as e.g.
advanced travel planning solutions and most importantly as
provision of transport services that answer the transport pat-
terns and transport demand expressed by the users.

Fig. 4 ‘Environmental
philosophy’ on the three-level
transport system framework
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4.4.5 Integration of the key topics

Each of the three topics presented above provide an important
viewpoint on the future components of the safe and secure
Finnish transport system in 2100. When brought together into
a systemic view, future challenges and opportunities of the

transport system as a whole can be identified and key policy
measures towards identified vision recognized.

As regards the infrastructure component of the transport
system, the main challenges relate to construction and man-
agement of smart, user friendly transport corridors in which
ICT, smart energy, urban planning and service structures are

Fig. 5 ‘Automation and
intelligent solutions’ on the three-
level transport system framework

Fig. 6 ‘Networks of actors’ on
the three-level transport system
framework
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integrated. Combining intelligent transport technologies and
services (ITS) and electro mobility targets provides the main
challenge for vehicle component. Linking multi-level moni-
toring and controlling into the processes of strategic planning
are issues which need careful consideration within the gover-
nance & regulation component. Finally, how to provide ease
of travel in an environmentally friendly (carbon free) transport
system accompanied with a notable amount of travel substi-
tution seems to be the critical questions of the future from the
point of view of transport system end users.

5 Discussion and conclusions

In this paper we explored long-term, system-level foresight in
the context of transport systems through two research ques-
tion. The first question on how socio-technical transitions can
be anticipated and taken into account in strategic transport
planning was addressed by an outlook on several theoretical
approaches. The conclusion was that practical methods to
apply foresight to future-oriented long-term strategic planning
are currently lacking. To answer this research need, we pre-
sented a novel approach, the three-level framework for the
transport system (Fig. 1), that together with long-term vision-
ing wraps up the theoretical foundations to support the anal-
ysis of socio-technical transitions in the transport domain. Our
approach expands the application area of analysis of socio-
technical change from the past also to the future-oriented
strategic planning and policy support.

The second research question inquired after the techniques
to integrate long-term foresight and understanding of socio-
technical change to support long-term targets in strategic
transport planning. We answered this by extending our pro-
posal of the novel approach to practical tools. We demonstrat-
ed our case with a vision of a safe and secure Finnish transport
system in 2100 by using a structured vision building process.
Furthermore, techniques to identify and analyse the socio-
technical changes and transition process as prerequisites to
the envisioned transport system to actualise were introduced.
The proposed approach contributes to all of the three functions
of foresight in policy-making presented in Section 2. An
interesting notion relevant to the transport system is that
socio-technical change may initiate either from within the
system or from external structures linked to it. The latter
may appear e.g. as developments resulting from the level of
specific technologies and solutions or as landscape level pres-
sure, such as the transport safety and security aspirations in
our demonstration. The approach we propose pursues on the
one hand to identify and address any forces of change that
may drive the evolution of the transport system. On the other
hand it provides the means to generate momentum towards
desired future directions.

An important part of the demonstration was to show how
visual illustrations using the three-level framework of the
transport system function as a tool to explore identified key
topics in the transition towards the vision. The illustrations
highlight the key elements and their linkages to be considered
in socio-technical change towards the vision. Such key topics
in the vision created for the safe and secure Finnish transport
system in 2100 were environmental philosophy, automation
and intelligent solutions and networks of actors.

Our demonstration with the case study proved our ap-
proach applicable and useful. It is simple enough to be applied
also in other countries and regions. The approach produces
new information on how to use and combine methods from
various disciplines. It also facilitates mutual learning on how
to overcome certain barriers. The proposed approach contrib-
utes to the identification of socio-technical changes of differ-
ent type and size that play a role in reaching the desired vision.
The interactions between the components and elements of
future transport systems and related opportunities and poten-
tial risks can be identified and analysed. Further, interactions
between developments and how they can build up to enable
major transitions can be studied. The approach can support
strategic planning and decision-making by bringing together
various transport system actors to discuss the potential future
developments and by showing, based on the discussions, the
shared key development areas, challenges and policy instru-
ments to encourage or accelerate desired changes on a desired
development path towards the vision. The proposed approach
can actually be seen as a policy instrument by definition.

The vision of the safe and secure Finnish transport system in
2100 has already contributed to more future-oriented discus-
sions on the national transport system and its connections to the
European and global transport networks. Long-term consider-
ations have raised questions such as what are the technical
implications if a high-speed rail network was to be the primary
transport mode both in domestic and international transport. It
has been argued that the vision itself is fairly conservative, but
even as such it prerequisites several significant changes that in
turn would require decision-makers and other stakeholders to
activate right now e.g. by starting the required changes in the
organization of the transport sector or in transport networks. In
the following we list further examples of possible application
areas where the approach presented in this paper could be
adopted. Areas where our approach has already been given the
first introduction in or where elements similar to those within it
have been put to use are marked with asterisks. The proposed
techniques could facilitate and initiate actions and decisions to:

& support long-span urban and regional planning*
& discover potential in replacing conventional vehicles with

e.g. electric propulsion technologies*
& design innovative mobility visions for pedestrian and bi-

cycle transport*
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& anticipate requirements for transport infrastructure based
on anticipated changes in transport and mobility

& find shared research priorities within large, branched re-
search programs*

& build stakeholder coalitions to promote alternative vehi-
cles and fuels*

& draft how roles and responsibilities of the changing stake-
holder ecosystem could be re-organised.

Furthermore, an important contribution of presenting a
vision, such as that of a safe and secure Finnish transport
system in 2100, is that even if the envisioned future state is
not agreed on, it helps the decision-makers to focus on the
long-term issues and to realize the importance and potential of
participatory future oriented strategic planning.
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