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Abstract
Extreme weather events and effects of climate change are threats to the
transport sector’s functionality and safety. Risk management in this context
implies a necessity to focus on the connection between near-term experiences
and coping strategies on one hand, and long-term adaptation analyses on the
other. How learning from past events and subsequent knowledge sharing can
be adopted is a question that needs to be explored, discussed and tested. A
systematic approach to lessons learned calls for measures of investigation,
reporting, planning, implementation and evaluation. A qualitative case study
approach was used in this thesis. In the first paper the practices of accident
investigation in operation and maintenance were inventoried within the
Swedish Transport Administration (STA). Three accident investigation
methods were applied and tested on a cloudburst event, causing flooding in a
railway tunnel in Sweden. In the second paper, semi-structured interviews,
documents, and archival records were used as means for penetrating deeper
into the attitudes and understanding of lessons learned concerning extreme
weather events within a procured public-private partnership. The results of the
two studies showed weak signals of feedback on lessons learned. Partly, these
weak signals could be traced back to weak steering signals. Various obstacles
impeded learning curves from lessons learned. The obstacles were of both hard
and soft values, e.g. resources in time and equipment, systematic investigation
methods, incentives for lessons learned, education and knowledge, values,
norms and attitudes towards how and why identified problems should be
solved. Successful knowledge sharing requires that close attention is paid to
such obstacles and that an adaptive approach is adopted.

Keywords: lessons learned, risk management, climate change adaptation,
accident investigation method, extreme weather events, natural hazard, land
transport infrastructure, maintenance
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Sammanfattning
Den pågående och framtida klimatförändringen sätter press på aktörer att
hantera risker som associeras med klimatförändring. Syftet med denna
avhandling är att bidra med kunskap om lärande och kunskapsöverföring inom
offentlig förvaltning av landtransportinfrastruktur. Lärande och
kunskapsöverföring är grundläggande för strategier och åtgärder inom
planering och beslutsfattande som avser främja ett robust transportsystem.
Målet för detta arbete är att belysa lärande och kunskapsöverföring inom och
mellan olika organisationer i det svenska samhället. Det socio-tekniska
systemperspektivet - som används som analysram i båda studierna - ger en
djupare förståelse för bakomliggande faktorer. En kvalitativ metodansats, som
omfattar intervjuer, deltagande observationer och dokumentanalys, har
används i detta licentiatarbete. I den första studien belyses möjligheten att
använda sig av olika industriella utredningsmetoder på naturolyckor, genom
en fallstudie där en översvämning i en järnvägstunnel utanför Söderhamn 2013
orsakade ett tågstopp. De industriella utredningsmetoderna visade sig vara
användbara för utredning av konsekvenser efter skyfall, med olika
metodologiska fördelar och nackdelar. Den andra studien utforskar hur
Trafikverkets verksamhetsområde Underhåll arbetar med lärande kopplat till
väderextremer; hur de fångar upp erfarenheter och kunskap som finns hos
kontrakterade entreprenörer, samt hur entreprenörerna uppfattar att lärande
och erfarenhetsåterföring sker. Resultatet från båda studierna visar på både
svaga styrsignaler och svaga återkopplingssignaler, vilket medför svaga
lärandekurvor. Olika hinder, bl.a. resurser i tid och processer, systematik i
utredning av naturolyckor, incitament att lära av varandra, utbildning och
kunskap, värderingar normer och attityder till hur och varför identifierade
problem ska lösas, låg bakom. Ett adaptivt förhållningssätt innebär att man
behöver ta hänsyn till dessa hinder på ett systematiskt sätt.

Nyckelord: lärande, kunskapsåterföring, riskhantering, klimatanpassning,
olycksutredningsmetod, naturolyckor, landtransport infrastruktur, underhåll
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1. Introduction
In Paris in 2015 a historic agreement manifested that not only do we have to
work with mitigating emissions, but also with adaptation approaches for
reducing adverse effects of climate changes (COP21). Climate change implies
slow, creeping changes as well as the alteration of frequency and severity in
extreme weather events. This thesis focuses on the risk management of the
latter type.
Different measures are taken by governments and other institutions to increase
the capacity to manage the effects of extreme adverse weather events and
decrease societal vulnerability (COP21; Noble et al. 2014). There is an
understanding that proactive behavior is to be preferred to reactive actions,
with emphasis on institutional aspects (COP21; Noble et al. 2014). One way
forward is to integrate aspects of climate change adaptation with existing
routines and practices of societal risk management. Capacity building may in
this sense be divided into coping and adaptive capacity. Although often used
interchangeably in literature, their different usage in the scientific fields of
disaster risk reduction and climate change is of key significance (Cardona et al.
2012). While coping refers to immediate-term capacities to manage adverse
conditions, adaptive capacities focus on long-term adjustment to emerging
changes through learning, reorganizing, innovation and transformation (Lavell
et al. 2012). This thesis targets different aspects of learning in the sense of both
coping and adaptive capacity development.
Extreme adverse weather causes widespread disruptions of societal functions
and poses a threat to human lives and assets. Northern Europe and
Scandinavia will, on average, experience higher temperatures and precipitation
(Molarius et al. 2014) and extreme weather, e.g. extreme rainfall, floods,
storms and snowfall, will occur more frequently in the future due to climate
change (Nikulin et al. 2011). Weather-related variations constitute already
outer threats to many different types of important infrastructure, not least
transport functionality through physical damage to roads and railways (Doll et
al. 2014; Vajda et al. 2014; Leviäkangas & Michaelides 2014; Love et al. 2010).
These adverse effects are predicted to increase due to further changes in the
climate (Doll et al. 2014; Arvidsson et al. 2012; Kalantari 2012). Some of these
adverse impacts can be counteracted with adaptive measures (Noble et al.
2014) in operation and maintenance.
The effects of natural hazards affect independent and/or coupled systems
(Becker & Tehler, 2013), with a variety of actors involved both in adaptive
1

measurement and in the aftermath of an event (Leviäkangas & Aapaoja, 2015).
Wisner et al. (2004) described the convulsion of these relations and elements
in the PAR-model (Pressure and Release model), where different background
factors in society play a significant role in some aspects of adaptive measures.
The outcomes of hazards are particular problematic to map, and are entangled
across societal levels. This non-linear complexity can be described as a web of
elements and relations, which are difficult to fully grasp and understand
(Senge, 1990). Non-linear relationships between cause and effect make
analyses of potential indirect consequences difficult to fully survey in advance
(Sonnsjö & Mobjörk 2013), but models that analytically encompass
interactions within societal hierarchical systems facilitate such analysis.
Uncertainties associated with natural hazards in connections with weak
ownership, and obscure sharing of knowledge and information might trigger a
less robust system (Molarius et al., 2014). Hagelsteen and Becker (2013) argue
that responsibility for and ownership of a process should lie inside the
organization. It is important to understand the individuals’ attitudes and
understanding of the complexity when dealing with natural hazards and action
taken to take advantage of lessons learned (Hagelsteen & Becker, 2013). It is
also important to understand the relationship between internal and external
organizational partners required to create a foundation for responsibilities and
ownership of problems (Hagelsteen & Becker, 2013).
A country like Sweden, with vast distances between settlements, relies heavily
on good and secure transportations for various actors (SOU 2007:60). The
infrastructure plays a major role for mobility in a country in terms of both
transporting goods and people, and thereby also an important role for
economic growth and development (Leviäkangas & Michaelides 2014; SOU
2007:60). Disruption and damage can cause effects with greater economic
impact beyond the cost of restoration in the aftermath of an event
(Leviäkangas & Michaelides 2014). The management of goods through just-intime deliveries and the dependency on punctuality in our systems can partially
explain Sweden’s dependency on a functional infrastructure (Love et al. 2010).
Transport systems are trans-boundary; any malfunctions in the transport
systems might have cascading effects (Cramer et al. 2014; Keller & Atzl 2014;
Cruz 2012; Love et al. 2010). Therefore, it is of importance to identify and
value critical infrastructures, and how the outer forces of extreme weather can
affect these structures. The purpose of identifying critical infrastructures in
society is to enhance action plans for redundancies and contingency plans. The
complexity of dependencies and far-reaching impacts show how important it is
to have a functional management of risks associated with adverse weather
extremes. In another perspective, studies show that individuals have huge
2

anticipations on a functional system (Keller & Atzl 2014). Disturbances in the
infrastructure have a general low acceptance among individuals (Keller & Atzl
2014). As a consequence, individuals’ coping capacity in case of disturbances is
low and individuals rely heavily on societal actors’ measures to maintain
functionality in transports (Keller & Atzl 2014).
Sweden is fortunate to have lesser impact from natural hazard events than
many other nations in the world. Even so, weather extremes cause damage and
disruption to the functionality of different sectors in the Swedish society
several times every year. The infrastructure is vulnerable when exposed to
extreme weather conditions, as shown in official compilations of historical
events (EEA 12/2012; SOU 2007:60). Sweden has also experienced a few
major events where extreme weather has damaged roads and railways in a
more disastrous way (Rydstedt Nyman & Johansson 2015; Johansson & Ryén
2006).
Research on weather-induced damages and the adverse effects in a changing
climate on the transport sector, and how adaptive measures are implemented,
is still in its infancy (Doll et al. 2014; Leviäkangas & Michaelides 2014;
Michaelides et al. 2014; Molarius et al. 2014; Love et al. 2010). Relatively few
research studies in Sweden and internationally have focused on lessons learned
in this context. Research on accidents in relation to knowledge growth and
learning is mainly concerned with industry accidents or failures in trafficcontrol systems (Kjellén 2000). Industrial accident investigation methods are
designed for a systematic abstraction of events in search of what led to
mishaps, malfunctions or accidents. The search focuses on barriers in a chainof-event, trying to trace vulnerability through root causes. These root causes
may be remote both in time and location from the accident itself. Industrial
accident investigation methods are used to establish where vulnerability lies,
without finding scapegoats, in a proactive way of enhancing resilience in
organizations or systems (Le Coze 2013; Sklet 2004). By applying some of
these investigation methods to a weather induced hazard, the pros and cons of
these methods can be traced and give an understanding of how these methods
can contribute to a better understanding of the location of vulnerability. From
the analysis a better knowledge base can be established, leading to measures
taken to ensure a more resilient society. Alexander (2012) encourages active
use and integration of industrial investigation methods and organizational
learning theory as a way to move forward in improving the lessons learned
approach in the aftermaths of disasters.
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Previous research related to land transport infrastructure has focused on
construction and issues related to drainage, catchments, land-use and flooding
of roads (Kalantari et al. 2014). These studies point to the importance of
feedback loops for building understanding and knowledge of failure and
necessary risk reducing measures (Kalantari et al. 2014; Lindberg et al. 2010;
Kjellén 2000). The lack of established systematic systems for knowledge
building has been discussed (Kalantari et al. 2014).
Operations and maintenance in the transport sector have since the 1990s been
dependent on procured contracts, as a consequence of deregulation and
liberalization of the public sector in Sweden and Europe (EU commission
directive 93/37/EEC). Arguments that procured contracts are an obstruction
of knowledge sharing and feedback between organization are interesting to
discuss and analyze, as the legislation in Sweden requires procured contracts in
all governmental services, land infrastructures included (SFS 2007:1091; SFS
2007:1092; SFS 2008:962).
Research of public-private partnerships has highlighted the importance of
networking across borders, i.e. between actors from different spheres, as
partnership is viewed as a guarantee of continued development. However,
there are barriers that need to be acknowledged such as allegations of
corruption and the difficulty to build cross-border trust and relationships
between actors because of institutional and ethical constraints to share
information (Ning 2014; Ling et al. 2014; Zou et al. 2014). The constraints are
recognized as obstructing feedback and lessons learned from developing to
their full potential (Ning 2014; Ling et al. 2014; Zou et al. 2014).
Different actors have different drivers to achieve their goals and value assets
according to their agenda. Public organizations are required to fight corruption
and to work efficiently for the greater good. Private entities have a different
view of efficiency and have goals to make profit of their services. Differences in
goals and understanding of goals are areas where barriers can occur in any
cooperation and coordination of production (Bryson et al. 2015). Differences in
knowledge and risk perceptions of climate changes, and what these entail for
the future (Chapstick et al. 2014) are other issues to penetrate and address in a
more proactive adaptive approach. The differences can become obstacles to
other interrelated actors to achieve their goals (Bryson et al. 2015). Knowledge
sharing and learning among stakeholders are important to study and
understand because of barriers such as attitudes, norms and values (Kalantari
et al. 2014; Abdi et al. 2013; Hansson 2010; Liljegren 2003). Barriers can also
come from differences in the subsystems that the actors work in. To implement
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means of feedback of lessons learned, in relation to operations and
maintenance in public-private partnership, it is critical to establish a more
profound understanding of challenges and incentives for how to establish
intra-organizational as well as inter-organizational loops for lessons learned.
This thesis is part of this pathway. The Swedish Transport Administration was
used as case study in two different studies targeting accident investigation and
feedback processes on extreme weather impacts.

1.1 Main Case: The Swedish Transport Administration
In 2010, the Swedish National Road Administration merged with the Swedish
National Rail Administration and formed the new authority The Swedish
Transport Administration (STA). STA is responsible for all national roads and
railroads in Sweden. STA is an autonomous agency under the Ministry of
Industry [Näringsdepartementet] (Regulation 2010:185). STA is responsible
for the long-term planning of the transport system for air, sea, road and rail, as
well as for building, operating and maintaining public roads and railways
(TDOK 2010:119). STA is a decentralized administration, with 6 regions, and
local offices around Sweden. It has currently over 6 000 employees. The stateowned infrastructure governed by STA consists of almost 100, 000 km of roads
with over 16 000 bridges, approximately 20 tunnels and 37 ferry lines.
Moreover, there are approximately 15 000 km of railways, with 13 000 shunts,
over 4000 bridges and nearly 200 railway tunnels, and many railway specific
solutions and installations (STA 2015). The state-governed roads are divided
into 111 geographical areas, the railway network is divided into 34 geographical
areas. Each area has its own contract and a contractor to carry out
maintenance and operation within the area.
Since the end of 1930s, the maintenance and operation of roads and railways
has been carried out by in-house organizations. However, the operation and
maintenance of roads has since 1993 gradually been contracted out by public
procured contracts. Later, also the operation and maintenance of the railways
has been contracted. STA, like any other public actor, relies subsequently on
publicly procured contracts for all operations and maintenance functions of the
road and railroad network (TDOK 2010:119). Since 2001, contractors carry out
all operations and maintenance of the state road network in Sweden (Abdi et
al. 2013; Liljegren 2003). The publicly procured contracts for the railway have
been introduced more gradually than for the road system, and publicly
procured contracts were not fully implemented until 2014 for the railway.
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Statistics from the Swedish Competition Authority (SCA) show that the STA is
one of the biggest tendering authorities in Sweden, accounting for 21 percent of
procured contracts in year 2013 or for a value of 50,6 billion SEK (SCA 2015).
The operation and maintenance of the roads and the railway are regulated by
comprehensive contracts that divide the work into routine and structural
maintenance. Routine, or corrective maintenance, aims at maintaining the
functionality of the road network or the railway network all year. Structural, or
preventive maintenance, deals with long-term improvements and maintenance
of the whole road asset (Abdi 2014), or for the railway system (STA 2015).
Today, there are four major contractors on the market for railway maintenance
and operations. One plausible explanation is the rather high entrance barriers
for establishing railway maintenance and operation businesses. There are also
four major contractors for operation and maintenance of the road system (STA
2015).
Previous noteworthy research is, for example, the doctoral thesis on road
drainage and construction by Kalantari (2012), addressing an adaptive
approach to extreme weather events. Moreover, a thesis about tendering
processes and how it affects STA work was written by Abdi (2014). Purchasing
integrated and complex solutions for operation and maintenance has proved a
challenge to the organization’s procurement strategies in relation to their
organizational structures and capabilities (Abdi 2014). Some of these issues lie
in the intra-organizational performance capacity and internal infrastructural
complexity. Other problems are of an inter-organizational character where
schemes of collaboration and coordination for mutual understanding and
solutions are a necessity.
Increasing variability in weather and climate is a challenge for land transport
infrastructure (Lindgren et al. 2009). Coping and adapting to climate change
needs to be accounted for in the planning, design and management of the
infrastructure. Through analysis of previous events, a knowledge base for
improving adaptation and coping capabilities can emerge. Currently damages
and incidents, related to railway are investigated with the Man Technology
Organization (MTO) method with the additional Y for outer circumstance
(MTOY). The emphases of these investigations are not related to natural
hazards, coping or adaptation capabilities, but to barriers of technical and
safety issues and regulations. Road accidents are investigated when there are
fatal injuries, and these investigations have led to aggregated data that have
improved road safety. The road accident investigations do not follow a fixed
accident investigation method.

6

Extreme downpours, floodings and submersion, landslides and debris flows,
rising sea level are all part of risks that negatively affect the land transport
system and its catchments areas and infiltration beds surrounding the
structures. Adaptation to meet these possible extremes is important for a more
robust land transport system to emerge (EC 2014). The administration has,
since the report SOU 2007:60 The Swedish Commission on Climate and
Vulnerability [Sverige inför klimatförändringarna - hot och möjligheter],
started to work more systematically and proactively with climate-related
damage to their infrastructure. Since 2014, STA has a climate change
adaptation strategy (TDOK 2014:0882). The strategy targets three major areas:
how STA will work for climate change adaptation; the development of robust
infrastructure; and how to act before, during, and after adverse events. In
order to launch the strategy, an action plan is under development. Several of
the activities in the action plan focus on impacts of natural hazards. To fulfill
the strategy STA aims to work more proactively with negative impact of
extreme weather and then systems for feedback of experiences and lessons
learned are a necessity. STA has been both the provider of information and one
of the end-users of findings.
In the tendering process, feedback information and innovations are key areas
for the contractor. Therefore, it is important to understand how damages
caused by weather extremes are presently reported and fed back by the
contractors, and further how the events are investigated methodologically with
the aim to build capacities in both short- and long-term perspectives.

2. Objective
This thesis is part of the conscious effort to face challenges of climate change
adaptation within STA’s responsibilities. The thesis targets different aspects of
learning in view of the present coping practices as a starting point for a
discussion on challenges with more long-term adaptive capacity building. The
thesis contributes to the theory and concept building from a socio-technical
system perspective. More specifically, the first paper centers on the
possibilities to investigate and analyze the consequences of adverse weather
extremes using the industrial accident investigation methods. The second
paper contributes to an understanding of how feedback loops of lessons
learned function between the STA and their contractors in relation to adverse
extremes weather.

7

3. Theoretical and Conceptual Background
The socio-technical system is briefly described below. Furthermore, research
and concepts are described in this section for the sake of explaining the
research context of this thesis.

3.1 Socio-Technical System
Society and organizations can be looked upon as systems with rather dynamic
interaction between humans and technology. This can be called a sociotechnical system approach. The approach considers the entire societal
hierarchy as a whole, where facets of the relation between the social and
technical aspects must be looked upon as inter-related (Leveson 2004).
Rasmussen and Svedung (2000; 2002) developed a socio-technical system
describing societal tiers and their activities in a risk and safety context (Figure
1). All hierarchy models deal with the differences between tiers and their
influence and power of decisions and outcomes, and the great complexity of
the relations between these tiers.
The socio-technical system model illustrates a hierarchy with different tiers
represented, and the actions taken are illustrated through steering signals in a
top-down manner (Rasmussen 1997). Rasmussen’s socio-technical framework
focuses on how each level in the system is involved in making and taking
decisions for safety performances (Rasmussen 1997; Salmon et al. 2014), and
how these decisions affect the whole. The merit of using a socio-technical
approach is to be able to understand and disseminate how decisions and
relationships between, and at different tiers, different actors affect work
processes (Rasmussen 1997).
Planning work in any organization requires different control strategies
depending on timeframes, system stability and predictability of disturbances
(Rasmussen 1997). The socio-technical system approach is based on control
theoretic concepts that can be applied to describe the overall system functions
where the goal is to maintain a hazardous productive process within the limits
of a safe operation (Rasmussen 1997).
Rasmussen (1997), Svedung and Rasmussen (2002) argue that one decision,
regardless of how normal it may be, can be the cause or the root of a fault or
accident. Part of this statement rests on the notion that series of decisions
taken at various levels in the socio-technical system give a certain outcome
(Rasmussen & Svedung 2000). A result of these decisions can be a deviation
from the normal. Rasmussen and Svedung (2000; 2002) argue that normal
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every-day decisions and acts taken by individuals can become a deviation from
the normal and safe conditions required. Reason (1990) argued that through
latent failure small steps of deviations could lead to active failures.
Rasmussen and Svedung’s work (2002; 2000) visualizes all tiers in society. In
the model, information flows upwards – through signals as feedback from
practices and lessons learned (Rasmussen 1997). Internally, loops of feedback
in an organization are nested (Rasmussen 1997). Through nested loops of
communication and information, lessons learned can be transferred
(Rasmussen 1997). From outer actors – media, laypeople, technological
innovations, education, politics and economics – points of pressure and
feedback are possible to detect (Rasmussen 1997). In sum, all these aspects
define the socio-technical system presented by Rasmussen (1997).

Figure 1: Socio-technical hierarchy exposing flows of pressure from the outside and
inside, as well as information, communication and decisions that affect the outcome.
(Based on Rasmussen 1997).
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Rasmussen (1997) argues for a close-loop feedback system to enable an
understanding of the context and the boundaries the system is set in. A closed
loop system is a control system where the output affects the input. Through
loops of feedback suitable changes for desired output can be made. This closed
loop feedback system can be applied in a socio-technical system where desires
are known. Without feedback loops of information from the bottom-up,
decisions cannot be filled with useful information unless feedback is given. The
information provides possibilities to take decisions, and develop policies to
perform better and safer in the future. Salmon et al. (2014) argue that without
important transfer of information and communication, both in feedback
signals and in nested loops of feedback at local levels, the system cannot keep
control of the processes. This whole approach asks for flexibility within the
hierarchical setting of organizations. It also implies an understanding of the
driving forces in our society, which could bring about changes.

3.2 Thesis Framing: Research and Concepts
This thesis draws on previous research and concepts, which are used as guides
in the analysis of the interviews as well as in the discussion of both papers
presented.

3.2.1. Vulnerability
According to Aven (2011), vulnerability is not a constant but rather something
that changes over time, which implies an open system changing according to
development in society. Vulnerability can be understood as a result of
historical, political structures, and of natural resources and environmental
conditions and processes (Lavell et al. 2012). The core features of vulnerability
are susceptibility and lack of capacity, i.e. the deficiencies that exist in a
system, e.g. the likelihood to experience severe harm, loss or damage due to
adverse events (Birkmann 2013). Vulnerability is multi-dimensional,
differentiated, and a dynamic phenomenon that has an outcome in different
scales (Birkmann 2013). To reduce vulnerability one can lessen exposure to
adverse events (Birkmann 2013), or to have capacity, resources and ability to
lessen the susceptibility. This implies that the weaknesses are known in a
system, and that one can act on these known weaknesses. Extreme weather
10

events with adverse outcomes are often rare events where it is hard to assess
the exposures to temporal and spatial patterns, the risk is often expressed as
the combination of hazard probability, elements at risk and vulnerability.
The transport systems provide a link for all actors in society. Transportation
systems are essential for a society in all stages of a disaster or adverse event:
response, relief, and mitigation. When land transport infrastructures are
damaged the effects are cascading over socio-economic spheres in society;
human health, environmental quality, economic and social livelihood are
affected (Cramer et al. 2014; Cruz 2014). According to the scholars
Leviäkangas and Michaelides (2014) and Love et al. (2010), extreme weather
causes disruption and vulnerability in society because of individuals’
expectations of functionality in the landtransport infrastructure. Vulnerability
often coexists conceptually with ability to be resilient, to have an adaptive
capacity and ability to cope (Costas & Kropp 2013).

3.2.2. Resilience
Resilience is often interpreted as the capacity a system has to absorb shocks
and to bounce back to functionality where some fundamental structures and
functions work (Leviäkangas & Aapaoja 2015; Folke 2006) – a combination of
coping and adaptive capacity (Costas & Kropp 2013; Scholz et al. 2012). This
implies that individuals in organizations need to have the ability to anticipate
outcomes, and learn from previous events, or from each other
(Weichselgartner & Kelman 2015). This statement rests on a foundation of a
thorough identification of the most critically and fundamentally important
structures of the infrastructures. Haimes (2006) wrote that resilience could be
seen as the hardening of a system by adding redundancy and robustness to it.
When it comes to systems of infrastructure, it is quite desirable to strive to
harden the system, since large investments have built a system that society
relies on. These structures need to withstand adverse effects to a large degree,
since land infrastructure could prove to be essential in the restoration efforts of
all other response activities (Holguín-Veras 2014). Still resilience is different
from the hardening of a system; and in this thesis resilience is understood as
enabling improvements of the system’s ability to withstand shock and surprise,
as Birkmann (2013), argued.
To enable a more resilient infrastructure to emerge society needs a more
systematic approach of learning from previous events, along with incentives for
implementing known and experienced facts. There is also a concept of framing;
in time, power and resources in relation to resilience (Birkmann 2013;
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Birkmann & Teichmann 2010). These aspects can prove to be rather different
in different organizations, depending on the organizational structure itself, but
also on how it is steered. These differences are important to identify as barriers
or as driving forces for lessons learned that could enhance the development for
decision taking concerning risk reduction (Spiekermann et al. 2015), and
become resilient. These driving forces can be the keys of successful adaptability
and coping mechanisms.

3.2.3 Adaptation and Coping
The ability to adjust to new and unfamiliar situations will play a major part for
successful alterations in new situations and exposures in a dynamic world, and
will increase the probability to manage an uncertain risk (Denton et al. 2014;
Andersson-Sköld et al. 2013; Birkmann 2013). Researchers see adaptive
behavior as a way to solve some of the climate related risks (Arent et al. 2014;
Cashmore & Wejs 2014; Kovats et al. 2014; Wu et al. 2013). Adaptive capacity
can be described as the ability to change when there is pressure from the
outside (Costas & Kropp, 2013; Scholz, et al. 2012; Adger, 2006). Capacity
implies the resources and opportunities required for addressing adverse
conditions (Lavell et al. 2012) and adaptation means that a constant process of
learning, change and experimentation is in place (Birkmann 2013). This can be
challenging for actors to achieve. It requires the abilities to be flexible, willing
to change and adapt to sudden impact of adverse changes.
According to scholars, coping can be understood as the ability to withstand
outer pressure through absorbing the pressure, and the ability to protect
against this outer pressure when great changes occur (Adger 2006; Costas &
Kropp, 2013). In this thesis coping is seen as the ability to use available skills
and resources to manage and overcome adverse events, as Lavell et al. (2012)
proposed. Scholars have found that the rate of individual coping strategies in
relation to damages to the land transport infrastructure is rather low, and
people do not have back-up plans for extreme situations; rather, they will wait
for government institutions to act and take the lead (Molarius et al. 2014;
Storbjörk 2007). This puts extra pressure on stakeholders providing access to
critical infrastructure like land transport systems that are robust and resilient
to adverse extremes. The approach to managing risks in networks, cross border
and through shared knowledge is appealing and if awareness of these issues
predominates, a shared adjustment might occur and adaptive behavior and
learning curves be successful. It is of course debated if different obstacles –
such as power struggles, decision making, cultural and value differences – halt
the change behavior. The complexities of the socio-economical and socio12

ecological structures, among different stakeholders and sectors are also playing
a role in how they can contribute to an adaptive and resilient society.
Investing in infrastructure is costly, funded by taxes, and has a long-term
depreciation time, all of which place changes in a loop of considering if money
is well spent to the benefit of many (Leviäkangas & Michaelides 2014).
Adapting the land-transportation sector calls for a long-term scrutiny of all
aspects of development, modification, operation and maintenance, and
renewal of transportation infrastructure operations, and policy to moderate the
impacts of climate change (Oswald & McNeil, 2013). Recent research shows
that investments for improved infrastructure made today are less costly than if
the system breaks down due to extreme weather, and investments made today
will make the infrastructure more resilient and give a longer life-span to the
system (Leviäkangas & Michaelides 2014). Despite the appealing idea to adapt
and change, it is more likely that the adaptations in the transport sector occur
when the infrastructure has met the end of its lifespan and rebuilding is
necessary (Taylor & Philp 2011). Adding to this complexity, different strategies
are practiced for different scale of accidents (cf. Figure 2). Furthermore,
climate related impacts vary quite significantly across a country. To enable
adaptation requires a complex and site-based analysis of impact patterns and
trends in climate change. Despite this pessimistic outline, adaption strategies
and actions taken early on will enhance the possibility to reduce future
(economic) losses, damages and failures (Molarius et al. 2014).
To ensure more resilient changes in the infrastructure, it is important to know
more in detail where the weaknesses are. Accident investigation can be one
way to accumulate information to enhance adaptation and coping and to
develop a more robust infrastructure.

3.2.4 Accident Investigation
Event analysis is often used in industrial accident investigation methods. The
industry has used accident investigations methods to enhance performance
and to become safer (Sklet 2004). Investigating an accident has multiple
purposes: to provide information concerning the circumstances of an
occurrence, factors contributing to an occurrence, to learn about cause–effect
and management, to enhance chances to build back better and ultimately to
become more resilient to future changes (Sendai 2015; Sklet 2004; Svedung &
Rasmussen 2002). The information gathered from an investigation can be used
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as a tool to enhance further development of safety (Akselsson et al. 2012). All
methods of investigation of accidences require some sort of reporting system
(Sklet 2004, Kjellén 2000). The nuclear industry and aviation industry have a
highly formalized reporting system, which could be adopted for natural hazard
investigations (Nesheim & Gressgård 2014; Catin & Patriotta 2013; Burton
2010; Lindberg et al. 2010; Kjellén 2000).
Systematic reporting gives possibilities for obtaining knowledge of mishaps in
a system. Systematic reporting could function as a platform to manage changes
to avoid similar mishaps in the future (Lindberg et al. 2010; Rasmussen &
Svedung 2000). Overall, investigations seek to achieve a better understanding
of the root causes and dynamic processes that create and progress risks in
diverse social, economic, environmental, cultural, geographical and
hierarchical settings (Alexander 2012; Burton 2010; Sklet 2004; Wisner et al.
2004). Many of these investigation methods are of basic linear approach, while
others are more complex asking more in-depth question (Sklet 2004). The
industrial accident investigation methods are all rather technical in their
approach, although some also bring in other aspects, like the AcciMap method
and the socio-technical system perspective by Rasmussen and Svedung (2000).
Investigations, follow-ups and evaluations are all mastered in the aftermath of
an event, and traditionally acknowledged as a way to gain but also spread indepth knowledge and lessons learned from an event (Braut & Njå 2013;
Akselsson et al. 2012; IRDR 2011).
Mishaps occur through a series of actions, which can be detected through a
detailed chain of event analysis (Catin & Patriotta 2013). The process of
learning from accidents can be illustrated, using the CHain of Accident
INvestigation steps (CHAIN) model, which includes reporting, selection,
investigation, dissemination and prevention (Lindberg & Hansson, 2006).
Other researchers point to other steps in the curve of learning with reporting,
analysis and evaluation, decision-making, implementation and follow-up
(Akselsson et al. 2012).
The gathering of information and data rests on a systematic and open
approach, where individuals feel safe, and get a sense of the importance of
reporting (Akselsson et al. 2012). Investigation of accidents are favored if there
is a clear vision of just culture with a no-blame approach. There are numerous
obstacles to consider and understand that deal with why learning through
accident investigation and reports from the event is difficult, despite the
tendency to value reporting incidents and mishaps as high.
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All climate change-related questions have an interdisciplinary relation since
climate change will have effects on society and its systems in various ways
(Larsen et al. 2010). In this respect, sharing of experience is of utter
importance. A way to achieve a means to share is through accident
investigations. Accident investigation aims to spread experience-based
knowledge within a group, organization, and society as a whole (Burton 2010;
Kjellén 2000). In the context of natural hazards and lessons learning, the
application of systematic tools developed for industrial accident investigations
and organizational learning theory, i.e. a mixture of experience and theory, to
promote real lessons learned can be put to use and lead to progress (Salmon et
al. 2014). Akselsson et al. (2012) point to the weaknesses of incident reports:
the insufficient information provided, the shallow analysis, the focus on solving
one problem, the late implementation and often inadequate solutions. The
major drawback is often the lack of information in the incident reports. Trust
issues, safety climate and culture along with behavior, and leadership are other
important issues that relate to how well an organization can learn or draw
knowledge from incidents and mishaps (Akselsson et al 2012). Accident
investigations can give answers to underlying root causes and help decisionmakers in their task to build a more robust land infrastructure. Accident
investigation methods are applied in one of the papers with the attempt to find
the pros and cons of such methods applied to an extreme weather event.

3.2.5 Learning and Feedback
A general understanding has emerged when it comes to the importance to
learn from previous disaster and natural hazards, both at national and
international levels (Hewitson et al. 2014; Lavell et al. 2012; EEA 12/2012;
SOU 2007:60). Each event could work as a stepping-stone to handle future
hazards and disasters in other ways.
Rasmussen (1997) argued that each different scale of accident has its own
strategy to extract experiences and knowledge to make society safer (Figure 2).
Rasmussen (1997) argued that small-scale frequent accidents could be
analyzed through statistical analysis and controlled by removing the cause.
Major accidents with well-defined hazards in loosely coupled systems can be
controlled by removing the causes, but are analyzed through in-depth
investigations of past events. Large-scale accidents, in tight-coupled systems
where control of the process is the essence and historical records of accidents
are very rare, are strategically managed through predictive analyzes of scenario
outcomes.

15

Figure 2: Rasmussen’s explanation of strategies used for different scale of
accidents. (Adaption after Rasmussen 1997).

The process of learning in itself is important. These processes could emphasize
the reflective thinking, and make it possible to question underlying concept
such as values, assumptions and rules. These reflective processes are often
described as loops of feedback, where individuals feel safe to express
themselves (Le Coze 2013). Reflectiveness could lead to more efficient actions
that could make the organization grow (Tosey et al. 2012). These processes of
reflectiveness could be of more incremental art, and build on used knowledge
familiar to the individuals and the peer group (Spiekermann et al. 2015;
Heikkila & Gerlak 2013; Le Coze 2013). The new knowledge may correspond in
some ways to assumptions, values, culture and norms held by the individuals
and the peer group, allowing the new knowledge to accumulate into old well
known facts and dealings in an familiar context. Overlaps of communications
flows can be detected in contexts where the individuals and their peers feel safe
and can see benefits of sharing their knowledge and hands-on experiences – a
win-win situation (Bryson et al. 2015; Le Coze 2013). It is important to see
risks as irrevocably existing and therefore the processes surrounding
investigation, feedback and learning must be cyclical and repetitive (Smith
2013). These cycles need to be open and flexible for collecting data and
information, and in the analytic approach (Smith 2013). To learn from events
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can be seen as a way to build new knowledge on existing knowledge (Schön
1991). This approach is common and puts emphasis on building higher degree
of safety in an organization (Catin & Patriotta 2013).
Building knowledge and sharing information as a way to develop a more robust
and resilient society sounds appealing, but can be rather hard in a general
sense, and in relation to natural hazards (Bryson et al. 2015; Alexander 2012;
Larsen Kløcker et al. 2012; Cundill & Rodela 2012; Moynihan 2008; O’Neill &
Sanderson 2008). New information and knowledge acquired must be adequate
for the context we want to adapt the new insights to (Le Coze 2013). For
individuals to incorporate new knowledge in their actions, new findings must
make sense and have a purpose that help them in their own environment and
known context (Le Coze 2013). The importance of sharing lessons learned
becomes more intriguing when more than one actor is involved, such as in
Public-Private Partnerships.

3.2.6 Public-Private Partnership, and Loops of Feedback
Public-Private Partnership (PPP) is sometimes described as the better of two
worlds. Thus the two entities are governed by different incentives. The public
agenda is to work for the greater good, use tax money wisely and efficiently and
fight corruption, while private entities work to establish good long-lasting
relations and profit from invested time and energy (Ning 2014). These
differences might hamper the entities to establish a partnership. The public
actors maintain a collaborative agenda on the arm’s length principle to adhere
to rules, regulations and the law, much to avoid allegations of corruption, but
the use of open tender processes hinder the right to future relationships with
contractors (Ling et al. 2014; Ning 2014; Zou et al. 2014). The open tender
process hinders the public actor to promise future relationships, which
impedes strategies for strong networks of knowledge sharing, and earning
bonds of trust, something that the private actor seeks to achieve in their
relations (Ning 2014). Ning (2014) mentioned four major barriers for loops of
feedback, trust, and long-lasting relationships to occur in PPP. These barriers
can each on their own impede knowledge sharing and loops for lessons
learned.
In the PPP four major barriers can be detected,
a) lack of continuity due to avoiding allegations of corruption
b) ethos of cross-border sharing and trusting
c) institutional constraints hindering information sharing
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d) lack of capabilities impeding information sharing and trust (Ning 2014).
The barriers involve the public actors’ adherence to rules, regulations and laws
(Ning 2014). Moreover, these barriers have strong bearing on all tendering
processes and need to be dealt with if a win-win situation is to evolve. The winwin would have to benefit the tenderer as well as the offeror (Zou et al. 2014).
Zou et al. (2014) argue that to have success in cooperation and sharing crossborder all aspects of the relationship must be scrutinized and disseminated.
Awareness of the barrier to sharing can help to take steps to avoid their
negative impact and consequences (Ning 2014).
It is argued that learning from others in cross-border network can speed up the
spread of information, and enhance the chances of mutual understanding
(Moynihan 2008). At the same time it is acknowledged that the process of
sharing information, resources, activities, responsibilities and accountability
across borders is most likely unequal (Page et al. 2015). The inequity of crosssectorial collaboration involves different actors with differences in policy
making, and hence differences in fulfilling and balancing the understanding of
sharing and learning processes (Page et al. 2015). The learning process is most
likely not a linear process, where stakeholder differences play a significant role
in the outcome of what knowledge is memorized, within and between the
organizations involved in the process (Heikkila & Gerlak 2011; Gerlak &
Heikkila 2013). Networking and sharing across organizational borders mean
dealing with asymmetrical differences in power balances, and that the
hierarchical levels of individuals involved could impede sharing (Moynihan
2008). For organizations ability to keep some of the lessons learned in
memory, an active approach to data gathering and analysis of the aggregated
data must be in place. This can be developed into new routines and processes
that enhance changes, and strengthen the organization’s ability to become
more resilient.

4. Method and Materials
This licentiate thesis rests on an understanding of an integrated and complex
world, where a socio-technical approach is seen as a foundation on which to
build analysis and understanding. Rasmussen (1997) developed the sociotechnical system to visualize different tiers and interactions that define a
system. This hierarchical system was applied in both papers to enable a
visualization of steering and feedback signals that provide opportunities for an
18

organization to act and take decisions. The socio-technical system was used as
a thought model to target key respondents, design interview guides, and
moreover as a framework for analysis and discussion.
A qualitative approached was used in both papers to give a better
understanding of phenomena related to the use of accident investigation
methods and lessons learned in relation to nature’s adverse effects on the land
transport infrastructure. The papers are both based on initial in-depth
interviews conducted with open questions and a semi-structured approach.
The use of semi-structured questions enabled a conversation to grow, which
can give information about more than what an interview could give in forms of
feelings, extra deep answers to the topic of interest. As Yin (2014) argues, the
aim of the semi-structured interview is to collect insight from key respondents
in the form of conversation, with a guide with predetermined questions.
The selections of respondents for both papers were conducted with purpose
sampling (Bryman 2008) through identifying respondents with key positions
within operation and maintenance. For paper 1, knowledge of accident
investigation methods in connection to the cloudburst event was an important
criterion for selecting respondents. For paper 2, the initial in-depth interviews
regarding lessons learned relating to procurement contracts were used to
provide a basis for the construction of a semi-structured interview guide. Four
purposively selected key respondents from two different levels in STA were
initially interviewed. These in-depth interviews were analyzed using a content
method (Schreier 2012), providing five areas of weaknesses and strengths
relating to lessons learned from extreme weather events. It also gave
information on tender processes and relations to contractors. These five areas
were used as themes in the semi-structured interview guide for paper 2. A
purposive sampling of key respondents who had knowledge of contracts and
maintenance was conducted. Moreover a snowball selection procedure was
used in paper 2, to find respondents knowledgeable in contracts of operation
and maintenance in STA, and contractors involved in maintenance tasks.
Twenty-eight respondents answered the semi-structured interview guide. The
respondents came from two different geographical areas in mid-Sweden: Area
A, which has annual spring floodings, and Area B, which has experienced
occasional floodings in recent years. The respondent were from both STA and
two different tendering companies.
According to Yin (2014), it is important to seek information and data from
several sources to enable a better understanding and fuller description of a
matter. Yin (2014) proposes six different sources as shown in table 1:
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documents, archival records, interviews, direct observations, participatory
observations and physical artifacts. In paper 1, three different sources of
evidence were used: documents, archival records, and interviews. In paper
two also direct observations were used, apart from documents, archival
records and interviews.
Table 1: Sources of evidence (adopted from Yin, 2014)
Source/
Paper

Docu
ments

Archival
records

Interview
s

Direct
observations

Participatory
observations

Physical
artifacts

Paper 1
Paper 2

Yes
Yes

Yes
Yes

Yes
Yes

No
Yes

No
No

No
No

The concept-driven approach gave a coding frame where the analysis
continued. The QCA gave codes and keywords that described trends and
understandings of a phenomenon. Furthermore, document analysis was
conducted to give a fundamental understanding and empirical knowledge of
the issues of interest.

5. Results

5.1 Results of Paper 1
Paper 1 applied three well-known industrial accident investigation methods to
one well-demarcated case of a pluvial flooding in a railway tunnel in the middle
of Sweden, August 2013. These methods were Fault Tree Analysis (FTA), Man
Technology Organization (MTO) with an additional Y (MTOY) standing for
outer circumstances like rain, snow, ice etc., and lastly Accident Mapping or
AcciMap.
Sklet (2004) argues that using more than one method to investigate an
accident would provide a broader and deeper understanding of underlying
causes and casual relationships to the event. These arguments rest on the
notion of methodological differences in many investigation methods, yielding
differences in the information and outcome of the analysis. In this study three
methods were used in line with this statement. The three methods were
applied to see their respective pros and cons in regard to an incident where
extreme pluvial flooding occurred in a railway tunnel close to the city of
Söderhamn in Sweden in 2013, when a passenger train made an emergency
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stop inside a 4 km long railway tunnel due to debris and water flooding the
tunnel.
FTA is a method developed for preproduction and planning, but it can also be
used as a post-disaster instrument and technique. Engineers often use this
method for detecting flaws in plans and decisions prior to construction. The
method is rather technical in its approach, most detection relates to technical
and safety regulations and policies. FTA demands great knowledge of the
system, which could lead to questions that enable and dismantle the
underlying root causes of the disruptive event. The method can give plausible
explanations of broken, or lack of barriers. Through its written report further
understanding of these barriers can be spread. Investigating with the FTA
demands great knowledge of the organizations, processes and methods as well
as legislations and regulations. In this study, the FTA showed in a simple way
and through a hierarchical chain of event with AND-; OR- gates that neither
historical extreme weather nor future climate-related hazards were part of
preproduction concerns, risk identification or risk analysis when the studied
railway tunnel was planned. Records from the archives revealed that all
attention was on other issues related to land use, i.e. fishing, animal mitigation
patterns, or human recreation areas. The lack of incentives to establish risk
identification and analysis of extreme weather risks in the surroundings of the
tunnel proved to be one of the major contributing causes to the development of
the flooding. A drawback with the FTA method is that an event can be
oversimplified. Stop-rules used in this method are not always clear or explicit.
The method’s strong focus on technical aspects, safety and strict causalities
presented a challenge when looking to find more than technical answers to the
event. Most of the retrieved documents gave technical explanations to the
event.
MTOY is used by the STA when investigating railway system damages. MTOY
is visual in the use of a chain of events with emphasis on barriers and their
functionality. The method is strong in structural decomposition of a chain-ofevent. MTOY detects barriers which are functional, broken, or non-existing. In
the case functional barriers were all of regulating and safety character, but they
were not able to detect excess water in the tunnel, which caused the emergency
stop of the passenger train in the tunnel. MTOY lifted findings from the first
analysis level (staff) to second level (management) in the organization. The
result of MTOY showed indications that data gathering is halted when all
technical details are found. Stop-rules can result in reduced data collection,
which can result in less penetration into root causes especially if the analysis is
done far away in time and location from the event. The Y factor, which in this
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study represents outer circumstances such as weather related phenomena, is
not often considered in investigation conducted today at STA, because of the
difficulties to get details on the time and amount of rainfall. The data in the
case were collected from an official weather station, fairly remote from the
tunnel (STA weather station) and from official data at SMHI (Swedish
Meteorological and Hydrological Institute). The MTOY method requires
expertise or specialist knowledge to perform a relevant investigation.
Legislation and regulations play a great part in the preconditions of the tunnel
construction. This means that the investigator has to have an understanding of
a socio-technical perspective if these preconditions are to be considered
meaningful for the data collection, analysis and the outcome of the event.
AcciMap (Rasmussen and Svedung 2000) was created to investigate mishaps,
and identify loops of information and decisions that are prompted at other
levels in an organization. AcciMap visualizes the interconnected and complex
society where actions and/or decisions taken at one tier in society have effects
elsewhere in society and in organizations. The AcciMap investigation gave an
understanding of how integrated society is because of the latitudinal flows of
information and decisions. Through the method, flaws of implementation can
be detected. The normal stop signals for data collection are out ruled by the
pure interest in understanding the distant and hierarchical relations that can
lead up to an adverse event. Nevertheless, stop rules are applied when
contributory causes are deemed less important. AcciMap revealed that no
incentives, such as a top-down steering, were in place for risk analysis and
identification of extreme weather influences, which proved to be a root cause of
the event. The AcciMap revealed that the land use was not a consideration in
relation to downpours in the vicinity of the tunnel. Since AcciMap reveals
relationships, which are not always strictly causal, and are visualized through a
simplified graphical map, attention can be drawn from individuals and smaller
groups and to a broader and more holistic view of the event. AcciMap requires
expertise knowledge of both legislations, regulations, processes concerning
production, and an understanding of communications and information
patterns that could lead to the outcome of an event.
The case of the pluvial flooding was analyzed in AcciMap through a sociotechnical perspective to comprehend where and how decisions influencing
influenced the outcome were taken. It showed that there were no risk
identification or analyses concerning water flows either fluvial or pluvial prior
to the construction of the railway tunnel. This proved to be the culprit of the
event. The FTA follows the cause from bottom-up in a chain of ‘AND’ or ‘OR’
gates and it gives a rather narrow view of the individual aspects of actions and
decisions taken. The socio-technical system perspective revealed that by using
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the FTA method it was hard to find evidence for involvement above the
individual level. Even if the FTA gave a very strong idea that weather extremes
caused events, these were not included in the prior risk identification and
analysis of building the railway tunnel. The MTOY focuses on individual
actions and decisions in the chain of events. Traces of understanding
legislation and regulations are visible in the detection of barriers in the chain of
event. The chain-of-event shows graphically where and when decisions of
action were made. The method highlights aspects of one or two levels in the
organization – both at a micro (staff) and meso (management) level in the
organizational hierarchy. Applying the method to the case gave an
understanding of where in the hierarchy the flow of feedback is gathered. It
was less visible to see if it flowed all the way up into regulatory or international
level of society. MTOY and the FTA have written reports that can give further
information of flaws detected, but also of arrangements for future
improvements. AcciMap is built on a socio-technical system thinking, which
makes the method strong in detecting flows of information and communication
at various tiers in organization hierarchy. AcciMap looks very complex and
difficult to understand at a first glance, but with the abstraction in the map it is
possible to move away from the chain of event and the individual level and
detect patterns of communication and decision flaws in terms of steering
signals. The possibility to reveal power issues and influences in steering signals
is a strength. It reveals clear influences from international and national levels
in terms of regulations and legislation, even from far back in time. The analysis
revealed strong top-down communication patterns, but rather weak feedback
signals in terms of how far the feedback signals could indicate changes in
routines and processes or changes in regulations or legislation.
Industrial accident investigation methods are designed for well-defined and
known systems, aiming to detect flaws, or broken barriers. In applying these
methods in studying a natural hazard event and its impacts, it was necessary to
apply it to certain parts of the event, demarcating it to the cloudburst event
causing a passenger train to make an emergency stop inside a 4-kilometer long
railway tunnel. The predictions made by Sklet (2004) proved to be accurate,
and the applied methods gave different answers and depth in their analysis of
the event. To enhance the understanding of the causes of an event, AcciMap is
a more powerful method, since the method dwells on aspects not only in the
chain of event but also on aspects further away in location and time, through a
penetration of societal aspect in the socio-technical system.
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5.2 Results of Paper 2
Initially, a pre-study was conducted with four key respondents in the Swedish
Transport Administration (STA) organization. The respondents came from two
different tiers in the organization. They all had knowledge and experience of
tender, operation and maintenance processes and on how feedback is provided
between actors in the tender. The answers from these respondents were
analyzed through content analysis. The analysis provided the structure for the
subsequent qualitative semi-structured interviews with five questions themes:
responsibilities, risk awareness of climate change and adverse effects,
preparedness for climatic adverse events, systematic feedback and learning,
and finally the attitude to sharing information and knowledge.
The study is based on interviews with 28 respondents. The respondents were
project-leading staff from both STA and two different contractor companies.
The respondents worked with road maintenance in two different geographical
areas in mid Sweden. Area A has experienced annual spring floodings with
disrupted and damaged roads, while Area B has experienced occasional
floodings due to heavy rain. The interviews were performed individually, or in
group settings. The answers have been condensed through a qualitative
content analysis (Schreier 2012). Additional information was extracted from
archival records and documents. These were analyzed with content analysis.
Further these answers were used in an analysis with a socio-technical
perspective (Figure 1) to penetrate if cross-border loops existed (Bryson et al.
2015), and if intra-organizational loops of feedback work as understood by
Rasmussen and Svedung (2000; 2002).
The result showed that there is a constant ongoing discussion between STA
and their contractors concerning their work, and solutions to upcoming
problems in a narrative sense. The ongoing discussions provide the local staff
with lessons learned that can lead to incremental changes. The understandings
seemed to be mutual concerning how to deal with acute state of extremes. The
respondents showed strong indications of trust and they respected each other’s
abilities. These traits could boost the sharing of experiences and knowledge
and a mutual understanding of problems related to extreme weather situations
damaging the roads as well as creating lasting bonds and pathways for sharing
information and knowledge within their own organization and among actors
involved. Tendencies among contractors to share experiences and knowledge
to STA are visible when individuals sense benefits for themselves and their
organization. The sharing is somewhat hampered as the contracting
respondents see their knowledge as an asset in future tendering processes. The
contractors see adverse extremes as something normal in their daily pursuit.
Contractors also downplay climate changes and its supposed adverse effect on
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the road system. This can explain in part why contractors do not see sharing
and feedback as important. Even if the PLs have great knowledge base on their
own regarding extreme events and climate change, they express concern for
what they sense is a gap in feedback from the contractors. Different
understandings of climatic change and its unpredictability may play a huge
role for the actors’ degree of preparedness, which is acknowledged by the PLs
as a potential risk. The contractors show a great trust in their own abilities to
meet future adverse impacts from expected weather extremes, even if they
downplay climate changes. It is argued that a common understanding of a
problem would provide greater chances to be prepared for pending problems.
Through the socio-technical system analysis, it is evident that some feedback
exists at the work-related tiers in the two organizations, between entities that
trust each other and where benefits are profound. The sharing concerns daily
incremental handling of acute problems at the local staff level. The answers
indicate that all respondents are equating daily talks with feeding back lessons
learned into STA. This indicates a superficial understanding of the problem
extreme weather can cause on the land infrastructure, now and in the future.
The socio-technical system analysis shows that parallels emerge, as each
organization has its own agenda with goals and requirements to fulfill, and this
limits a transfer of necessary lessons learned. These differences further impede
the possibilities to share and construct strong loops of feedback to enhance the
stakeholders’ capacity to deal with weather extremes in a longer perspective.
The analysis also provides an understanding of weak feedback signals even in
one’s own organization, which could imply lack of trust and lack of strong
feedback incentives internally.

6. Discussion
Aspects of learning for developing coping and adaptive capacity are targeted in
this thesis. The overarching socio-technical system perspective has given
insight into how segmented society is in the challenge to cope and adapt to
climate change.
While paper 1 shows the possibilities to examine and investigate adverse
weather extremes with industrial accident investigation methods, paper 2
contributes an understanding of how feedback loops between STA and their
tendered contractors function in relation to these adverse extremes. The two
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papers contribute incentives for communications across borders of
organizations, expose issues that are latent hinders, and raise awareness of
such latent issues, giving insight into how situations of latent issues are
discussed and understood by the actors involved. In a wider sense, one could
argue that the overall aim is to elaborate on mergers between climate change
adaptation and risk management through lessons learned on enhancing
capacities and abilities to meet adverse events in the future (cf. Lavell et al.
2012). The two studies contribute to a more holistic view of the socio-technical
system complexity, a complexity that is part of our ambitions to systematically
practice control and safety. This gives inducement for building capacities that
close gaps among actors, besides grinding down barriers among different
organizations. Significantly, these case studies show many factors contributing
to learning and feedback loops as well as various types of barriers.
The first paper gives an understanding of the complexity of investigating
accidents, and shows that methods developed for one arena can be adopted for
another, which gives valid information for short- and long-term coping and
adaptive capacities, if utilized. The industrial investigation methods have been
well established in society for decades (Sklet 2004). They have a systematic
process of collecting data, disseminating and examining causes, and written
reports, which discuss and visualize suggestions for changes and
improvements (Sklet 2004). The overall goals of accident investigation
methods are to learn and prevent, with the implicit ambition to contribute
knowledge for better handling of future events (Catin & Patriotta 2013; Burton
2010; O’Neill & Sanderson 2008; Wu et al. 2013). In applying industrial
accident investigation methods I showed that these methods can give a fuller
understanding of the causes, near and distant in time, leading up to an adverse
event. Although designed to study errors in well-defined and regulated working
processes, these methods were found to be applicable also in a more loosely
coupled setting. Each investigation method enriched the analysis in different
areas and aspects, which supports other studies (Sklet 2004).
Aggregated data from investigations are a key component for policy and
decision making for enhancement of a resilient system (Akselsson et al. 2012;
Alexander 2012; Burton 2010; Sklet 2004; Wisner et al. 2004). Rasmussen
(1997) has described how different strategies for managing the control
mechanisms have evolved in society in relation to different hazard scales. This
praxis has implied that intermediate scale accidents, following, for instance, on
cloud-bursts and flooding, are managed as quick patching-up with restricted or
no learning gathered to benefit adaptation. In the perspective of long-term
adaptation, these medium-scale events require that each event is investigated
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with the purpose to also aggregate data in systems provided for these purposes,
hence using a hybrid strategy that are both empirical and evolutionary in some
sense (Figure 3). Efforts to extract different kinds of lessons learned from such
accidents support goals of adaptation and enhance resilience in a particular
infrastructure system.

Figure 3: The medium-scale event strategy, dotted circle, is analogous with the
evolutionary procedure in a loosely coupled system, and with investigation of each
event for data aggregation in a system to enhance lessons learned in the analysis
phase as means for resilience (Based on Rasmussen 1997).

In paper two, the aim was to penetrate feedback loops function in relation to
extreme events in a Public Private Partnership (PPP) setting. Cross-border
cooperation and coordination between actors are a key in the practice of
sharing lessons learned and building a more adaptive and resilient society.
These cross-border cooperatives and coordination exist in almost all parts of
the Swedish public sphere, as a result of EU and national legislations initiating
deregulation and liberalization of the public sector (EU commission directive
93/37/EEC; SFS 2007:1091; SFS 2007:1092). The underlying assumption of
this cross-border coordination is that learning processes and feedback will
enable society to become stronger and resilient. The question is how, when and
what is fed back across the organizational borders, and where these loops of
feedback exist. Does a cross-border culture of learning exist? By penetrating
attitudes among individuals in a publicly procured organization, some
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understanding regarding lessons learned by actors involved in the
maintenance of extreme weather related disruption and damage to roads could
be shown in paper two. In addition, the second paper gives an indication of
how complex the situations of sharing is, and how challenging transfer of
knowledge can be.
Interactions between different organizations in solving problems, as in tender
relationships, are seen to be quite complex when steering signals, feedback
signals and nested loops are scrutinized. Complexity arises when processes and
routines involve more than one tier in an organization, or when outside actors
are involved in processes (Sonnsjö & Mobjörk 2015). The processes are not
straightforward, but rather non-linear both in feedback signals, steering
signals and attention in hierarchical systems. The socio-technical system
approach gives a model to show how signals are meant to function.
Mutual understanding of problems and solutions are important in building
trust and shaping bonds, as are acknowledging abilities and capacities. The
respondents in paper two showed trust and acknowledged abilities in the
individual and group that they know well. In such a setting, the prerequisites
for transferring lessons learned exist. Feedback was found at the local level
within trusted groups (cf. Spiekermann et al. 2015; Le Coze 2013). The
respondents acknowledged narratives as lessons learned. Paper two show,
however, weak steering signals – lack of incentives for lessons learned and
feedback (Figure 4). The feedback signals are therefore also weak upwards.
Nested loops of lessons learned and feedback were often shared at a local level,
among reciprocally trusted individuals, in both public and private
organizations. The weaknesses can partially be explained by lack of steering
signals, such as incentives for reporting about extreme weather related events
in a systematic manner, but also through the lack of understanding the
importance of reporting and giving feedback to developing a basis for
decisions and policymaking. There are also other obstacles to the sharing of
lessons learned. Institutional constraints impede capacities for sharing lessons
learned and also the lack of continuity of contracts, when the public actor is
trying to avoid allegation of corruption and the private actor wants a longlasting relationships, or when the ethos of cross-border sharing varies (Ning
2014; Ling et al. 2014; Zou et al. 2014). Each organization has its own goals
and means, i.e. steering signals. These goals and means could intervene with a
common understanding of how problems should best be solved (c.f. Ning 2014;
Ling et al. 2014; Zou et al. 2014). These differences play a significant role in
how flows of information and communication function between the
organizations, i.e. feedback signals, but also within each organization’s
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boundary (nested loops in Figure 4). Institutional constraints by regulations
and legislation could impede possibilities to share and perform lessons learned
that would mean changes for whole organizations, rather than what was found
in the second study, incremental changes and sharing in a narrative sense.

Figure 4: A sociotechnical system model, interrelated in all decisions, information
and flows of communications, with nested loops of feedback at different levels.
Different stakeholders have their own sets of drivers and challenges to take into
consideration – visualized here as a second layer of hierarchical socio-technical
system (Developed after Rasmussen 1997 and Rydstedt Nyman & Johansson 2015).

6.1 Limitation of chosen method
It is always hard to prove that individuals’ understandings are reliable, and if
the interviewee would give the same answer twice to the same question. Some
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of this is due to time and experience but also to phrasing, mood and other
aspects that can influence the person and their answers. Or as Yin (2013)
argues, a case study has a focal point in the contemporary situation where the
researcher has no control or little control over individuals’ actions (Yin 2013).
A further aspect to consider is the small number of cases. It is difficult to draw
conclusions or generalize. However, when a case study is analyzed for the
purpose of in-depth knowledge of the statements made, patterns and
understanding can emerge, as in the two cases studied here (cf. Yin 2013).

7. Conclusion
The challenge of climate change adaptation and coping capabilities proved to
be great. Still, industrial accident investigation methods applied in a conscious
manner can prove to be a systematic basis for achieving aggregated data to
build plans and decisions on. The knowledge gap and the barriers to lessons
learned in inter-organizational cross-border interdependence might be harder
to grind down, unless strong steering signals and incentives are clear.
The main contribution of the thesis to theory and concept building regarding
the socio-technical system approach is the understanding of an irregular
overlapping between public and private actors regarding lessons learned
(Figure 4). It can be described as parallel systems of irregular feedback
overlapping. This finding contradicts the assumptions implying that sharing
and understanding are reciprocal when taking place to achieve safer conditions
in the face of challenges (Svedung & Rasmussen 2002; Rasmussen 1997) in
organizations usually driven by different goals and means. This thesis also
contributes to the understanding of how extreme weather events can be
investigated and dealt with in a systematic manner, where each event is
investigated and data compiled to provide a necessary knowledge base to
support analyses for the future coping, adaptation and resilience of the
Swedish land transport infrastructure. The developments of the strategic
analyze method (Figure 3) place natural hazards in between small scale
accidents and major accidents, with features both from empirical and
evolutionary strategies. This is a contribution aiming to place natural hazards
in a strategic setting, for enhancing a more adaptive approach on adverse
events.
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Managing knowledge sharing of extreme
weather induced impacts on land transport
infrastructure
The agreement in Paris in 2015 was an historic manifestation that society has
to work with both mitigation and adaptation to achieve a reduction of the
adverse effects of climate change. One way to achieve adaptation is through
the integration of present coping strategies. A first step is to study the existing
processes and routines that support short-term coping. This licentiate thesis
targets different aspects of learning as a strategy for coping and building adaptive
capacity. Road infrastructure and maintenance in relation to extreme weather are
used as the physical context and the Swedish Transport Administration as a case
to study. Paper I shows the possibility to apply industrial accident investigation
methods to an extreme weather event and get useful insights into underlying root
causes. Paper II shows the intra- and interrelated patterns that exist in publicprivate partnerships (PPP) in Sweden. The paper describes a parallel of systems
with infrequent overlaps regarding lessons learned. In both papers the sociotechnical perspective approach was used to highlight aspects of learning from
and investigating damage due to extreme weather at different tiers in society.
The socio-technical perspective provides an understanding of how decisions and
legislation that affect our actions and behavior today may have been taken in
different time and space settings. This thesis contributes to concept and theory
building regarding the socio-technical system approach.
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